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SUMMARY

(FEL4E)

Coated fertilizers represent the fastest growing segment of controlled
release fertilizer (CRF) technology, The coating technologies allow perfect
coating of fertilizer particles with various polymeric materials, such as
polyolefins, polyvinylidene-chloride based latex, and sulfur containing
plastics, etc. The flexibility of nutrient release rate and a favorable
cost/value equation has alsc promoted much R&D reactivity in the area of
coated fertilizers. However, most plastic materials are not decomposed in
environment, and the effects of abandoned plastics on environment can no
longer be ignored. Polymeric membranes, used as coatings for CRFs, may
accumulate with repeated applications and eventually pollute the soil. The
CRF coating is about 20% by weight, The annual load of those organic
polymers is thus about IOg/ma assuming a fertilizer application rate of
50g/m’. Therefore, biodegradable plastics, which are decomposed by
microorganism in the soil and water, have been attracting much attention.

This study was undertaken in order to develop new biodegradable coating
materials and to evaluate the rate of nutrient release.

Polyhexylisocyanate was produced by low-temperature anionic polymerization
and two aliphatic polyesters were prepared by a reduced pressure
polymerization process in which dimethyl succinate and 1,2-butanediol were
polymerized via polycondensation mechanism. The physical properties of
resulting polymers were controlled by chain-extension reactions with
hexamethylene diisocyanate (Scheme 1, 11, nd III),

CRF was then prepared by application of a solvent dispersed biodegradable

2O19/09/26 13:82-8 % NS /01N 6



plastics, such as polyhexylisocyanate and aliphatic polyesters, to fertilizer
granules by a method similar to spray painting., The product had coatings
which were very uniform in thickness and essentially defect-free (Fig. 21).
As a result, virtually all of the nutrjent release was by diffusion through
the film membrane, Water vapor first diffuses through the polymeric film at a
rate dictated by the properties of the polymer and the temperature. Once in
contact with the fertilizer core and the core is solubilized, As the
pressure increased, dissolved urea begins leaking to the outside of the
coated granules (Scheme 1V),

The rate of nutrient release from CRF can be controlled by the coating
thickness as represented in tables5 and 6. For instance, the time required
to release 80% of urea from coated-urea granules in water at 25°C was 90 days
if fertilizer particles were coated with 18wt% aliphatic polyester. while
the some release rate was 2 days if the granules were coated with 5wt

polyester,
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1) Urea-polymer ¥}/d(sebacoyl chloride + urea)

Monomerq] urea 55C 3-2RojA Eo Holx EIBAS A2y ¥ 7 b oz}
ek 2heb ojabgk B2 55C HRZo|A tiA] ki S| 2t o] gog A
2ol SHEPE YASHE & o ureatd Fo] AMME| W, HA A3 Fo
vacuum distillationg &loj A a|zic}

sebacoyl chloride®} urea§ o] &3l AMZYo s polymer& sty 1w
e theal gk 2L 4zt BelAze) B 500uL2} urea 16. 8¢5 # E3cH( D
€). ZFF3to] A carbon tetrachloride 300wL2} sebacoyl chloride 59, 2ul.
= 3 TINNIcH@EY). D&l dropping funnel & o]-&3le @8N g g
4 EolmedA awkg slo] Zch O @ede Aol &k Mol Bz}
AYHECHOE ). DEYS e A% Foff WM s}et M2l RE2H= vacuum
of A =3},

SLEAS FEE U7 S1ste] H-WR C-NR, FT-IRE ZWstedrt. maw mx
T WA HYo) Yk FEEFE U sl TEAZ fuje) tetrahydrofurano
oA BEE 37x)e]  &&(0, 025g/mL, 0.05g/mL, O0.lg/al)® "HE Fo],
Ubbelohde viscometer& o] &3lo] nExte] HEE Z3stadc),

©’d¥ urea-polymere] oF: 52 3g

H NMR (in DMSO-dg): & 10.81-10.04(br, N-H), 2.19(m, C{=O}CH,-),
1.50(m, CHz), 1.26(CH;)

“C NMR (in DMSO-de): & 170.38(C{=0}), 29.60(C{0O}CH;), 24.59, 24.48,
20. 43(CH)

IR (film): v (N-H) = 3310ce™, »(C=0) = 1690cm™

intrinsic viscosity([ 7]) = 3.328
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cone.(g/mé) /. Dapl 7 1) ns/conc. 1
0.025(g/me) 1.0925 0.0925 3.6990
0.050(g/m¢) 1.2152 0.2152 4.3040
0.100(g/m¢) 1.5046 0.5046 5.0460

7 relative viscosity
7o specific viscosity
< 1> Viscosity Data of sebacoyl chloride-coated urea

CH-NMR, "C-NMR, FT-IR, DTA Datat ® 2>

2) Polyhexylisocyanate2] %}

Monomer@l n-Hexylisocyanated ¥/ddh= Wi Azt ela Ao E 150mle}
Sodium azide 50g& Tt ol Cyclohexaneg @ubsle ZTHDEY). L&
D&Ho] Tl AE 442t EetA3E H7| A ¢ Fol dropping funnelef Heptanoyl
chloride2} Acetoneg EYZH £4& §F w1&x Wojxgitt. Dropping funnelo]
ol e §9E AR Hol=gl Fok 5CTE fAAA FdAM 2ibsle] EoH@
€d). @8dE 2E Zurldd &71E F S22 EeJl Hed & 32 vEn
715 AFSECH QB ). Q&YYo anhydrous Magnesium sulfated gol 5o
A HAsta, 1 thgol i}t 3B UIE AMESElo] Cyclohexanez} Acetoned ‘¢
HEW Fof 4% n-Hexylisocyanatet= vacuum distillationg %t} FT-IRZ}
'H-NVMRE. ®4 ¥ n-Hexylisocyanate?] T2 E ¥QIstT -30ColA HEF).

Polyhexylisocyanated A3 W& 37 BEJelA I N, gasE Ad o 8
A 3 BEetaa] WEE F4E97) JelE FA31dAM flame-dryE 3}3
b Th&oll, mechanical stirrer& 150rpm F %8 $EE Ad IuIshHA 37 BE
g4 Ao N N-Dimethyl formamide 20mL& ‘d+=t}. Dewar flaskol Acetonez} dry
ice® EYshA LEE -78C7} HEF sl 7)o N N-Dimethyl fornamides} Soj
Ue 3T+ BEel23IE ZA§ thE, n-Hexylisocyanate 10m¢E 37 JFZ Ao
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¥ith  Sodium cyanide2} N,N-Dimethyl formamide E¥RA(initiator J&)g ul
Foll 1nt F4718 Abgsto] 8 Wew Fojma) 2uy Aysiol g2 3
H7) Algstd initiators] $90g FUBI o 247 A5 ulgg o A7t}
BEIE sl shek Mo] gofo] AP Acetyl chloride 3nLE YojFo] wieg
FZAA151, Methyl alcohol 100mLE H7 Fol &2 Z¥E O Q= Lo
HUl2HE shA polymerd MAHTh A4 Polyhexylisocyanates BT 9
3lo], Toluened ZE¥ Yol=my aRtsle] HmIl Qdl faog wiE thgof

Methyl alcohol-& cr}g¥ A 7}s}o Polyhexylisocyanated 4 A)¥]51, ol Zo

=
L
A
o]

A3 chgoll @ol3 Polyhexylisocyanatet vacuum dry& gicl.

Y448 Polyhexylisocyanate 31%-x}2] TEE €7 #sto] FT-IRE &R s},
% AEE 97 st 2EAE 20l tolueneo] ol Fol  Ubbelohde
viscometer& ©]-&3dle] Ez2}) AcE 3 s}

38" urea-polymer?] o}: 8. 7€

R (film): »(C=0) = 1697cm’

intrinsic viscosity([ »]) = 4.752x10°

| conc.( g/me) T Do 7-1) 7g/conc.
0.00051(g/ne) |  1.4431 0.4431 868885
0.00073(g/ne) | 17386 0.7386 1011.716 |
0.001005(g/me) | 2.2474 1.2474 1241209 |

7 relative viscosity
7% specific viscosity
{E 2> Viscosity Data of Polyhexylisocyanate

<FT-IR, DTA Datat= ‘#3)>

3) Esterification of Dimethyl esters

@ 1.4-butanediol} dimethyl succinate®] ¥}%
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1,4-butanediol (396.53g, 4.4 wol)& # ZARH 1L reaction kettle ("HH H
2yo) FQislct,  Zn(0Ac), (0.26g, 1.18mmol) X dimethyl succinate (292, 28g,
2.0 mol) & W1g7)0) W2 ¥, &x§ &7 ARt olmf 2W&KEE 650rpm
& 825k, w7 U250} 150T 7 E'E methanol 3} tetrahydrofuran(THF )]
f-&ol Algrt. LEE MM FUHA UG LRI 190THET HES
3t 4x|7HEet wbg A7), 352g9] methanol/THF7} F-&%Ch  methanol/THFE]
Fo| grhd, 25§ 200CE &8 3087 ol whgAIZl ¥, WA E Ea kg
Eg ng| wHEolE HEol ol WA 7E, ¥4 342 oligomer(327.80g) 71 &
ojzith, HHEEEIF 200CT7F @& Zfole wEtHgo]l BridA PHEL Mo]
HItRE g &ttt

® 1,4-butanediol 2} dimethyl adipateg] Hh-&

1,4-butanediol (396.53g, 4.4 mol)} dimethyl adipate (348.40g, 2.0 mol)£]
e E glo] ey QolMe @2 whdow MyEgrt, XY QoM @
2] distillates7} 195ColA &S Ala3tgen, 6417 Ht 205 TCollA] ¥E-gA|
7 ol distillates (122.50g)& HAY v, 4h&7]E aspiratore] AR}
B12.31R] ¢k& I,4-butanediol (115.12g)-& Rl AAsIadct. o} gl ¥HEE
& HEo) Kol YziAlz|d, UM 249 oligomer(467.91g)7t BojA|= ul DollM
doll oligomerRr} i=3o] Wrl.

® ethylene glycol} dimethyl succinateg] ¥b-3

ethylene glycol (273.1lg, 4.4 mol)3} dimethyl succiante (292,40g, 2.0 mol)
2] kg o] QeliMet & whder AYHE AT ] UFE2ET} 130T} E
® distillates (65~90°C)8] f&o] AlXEm, 4xjo] AA  185.23g4]
distillates?} AE At Ay 2] Fdol & oil (364.11g)0] LojAct,

@ ethylene glycol} diethyl malonateg] 4+%-

ethylene glycol (273.11g, 4.4 mol)2} diethyl malonate (320.34g, 2.0 mol)&
@oll Mo} Tde PP 8 WhgAIF A Aol & oil (317.34g)& €Tl

I-17



4) Polycondensation W Chain Extension

(D 1.4-butanediol/dimethyl succinate (1, 4-BD/DMS)

esterificationt-§& E3sle] A& oligomer (400g)E %A 243 chg a3}
217 £24H ] A AR Y=l Mg IUE AR BAE X
&, FgEol2 A Ti(0Pr'), (0.15mL, 0.5 mmol )& 7}8lil &5 e}, &% 7
0CH oA oligomer7t woW HrE A&, LS E 300rpnls ZAgH

th 2= AFEE o 087t AA 7z} 230°C, looHgo| WL 4A]ZHEQH
A the WEIIE 4z AL EE 150CE 2EPTh o))
hexamethylene diisocyanate (3.0mL, 18.5 mmol)E& Z}¥t 3£, 1A]7H5Qt wkga|z)
th Rbge] B ¥, WSl FAZR UYE I3t FEI L polyester® E
EAA Bo] W 2 FTUSESF o] YAzl thy, AHY HMxe)
polyester& ¥|43todrt. ¥ aliphatic polyester?] Z-HAxel o= Az,
Ha e wR 5& Sgstglch

@ 1.4-butanediol/dimethyl adipate (1,4-BD/DMA)

flof A2} olx7Ex| 2 esterificationit-g& F8le] d-& oligomer (400g)S 2
A SHT o X7 B3E SEubgslol Yo ¥kg-g AlZch 1, 4-BD/DMS
oligomer2ty @] % 35Co|A oligomer7l &&= 2Ag B 4 99dc}t 25
0C, 1 mmHgollA] 3A|ZtFRE ¥bgAIZl ¥, HAAR HHE7IUE S8k, 150THlA
1A} 2t E-¢F hexamethylene diisocyanate (3.0mL, 18.5 mmol)2} ®+-$-A)H E=xjzrg
7ML} REgTle] H4AR Y& 715l polyester® EEAIA Bo] ©Wi %
& THES 3to] YA thg, Y d¥ =YY aliphatic polyesterd
mc I oA

@ ethylene glycol/dimethy! succinate

esterificationit&-& Bdle] Y2 oligomer (600g)& FUNEIlo] Y11 vl g

AURE ALE A8 ¥, Ti(0Pr')y (0.500l, 1.7 mmol)E 715}3 250C, lonHgol

&2

I-18



M A ZHEQH HhgAlZith  THA A2 uhE7IUE FASHL, 150TA 1A 2H5
o} hexamethylene diisocyanate (5.0mL, 30.9 mmol )} ¥ A|HA BxlakE F7HA A
o}, wrerle] W4g AL 75t polyesterd E&AA Bol B TF st
£8 o] WA o}, AAdH aliphatic polyester& 3| 4=3t4lcth.  1,4-BD/DMS
W 1 4-BD/DMASR: @el AME polyesters] ol wtol Aol of | 4Fel &

ct.

5) Aliphatic polyesterg] &8&4

(D DsCell 2l§t dFM

AWAloA YAT aliphatic polyesters] dA ABHE ABEI] 3t AR
2z x}d 2kA| (Di fferential Scanning Calorimeter)& A}g8&le] ZAsigict. 2 A
1,4-BD/DMS polyester®| 7Z-% T,o] 110CE 3l & Liehiel e}, 1,4-BD/DMA
polyesterd] ZQolis Tyo0) 51TE M2 A o} ¥BAERA 2 st ek
t}, 83 DSC data FZ>

@ Ubbelohde AE Ao 2§ IRIAEEH

A8 nEaH(linear polymer)® ¥x1$ ZHo] YUY IRAUE A& A}
£8lo] TAH polyesterd] ILFAEE zApstede},  chloroforn&u]& AHE-3te
A% ZAz} 1,4-BD/DMSe] A%
1 4-BD/DMA polyester?] ZSole LREE7L 8.52022 vl¢ w2 & Uehdsl
t}, <H3Y data HE>

@ W @ Bc NMRo o]¥t polyesterini

Varian ®=}7] 2 5-37)(300MHz) & AHg3lol polyesterE 43Tt
1.4-BD/DMS polyester?] -9 'H NMR spectrumollA] &4.12-4.11
( -OCH,CH,CH.CH,0- ), & 2.64-2.63 (-0C{=0}CH,CH,C{=0}0-), &1.74-1.70
(~OCHCH:CHCH,0-) 8] peak & R.od 3, 'C NMR spectrum (CDCla)ollAli= 8167.72
( -0C{=0}CH,CH.C{=0}0-), & 59.94 ( -OCH,CH,CH.CH,0-), & 24.53

FA8AE(intrinsic viscosity)7} 5.0130]2132,

[-19



(-0C{=0}CH,CH,C{=0}0-), &20,71 (-OCH,CH:CH,CH,0-)2] peakE-& K olgr}.
1,4-BD/DMAS] 7 R-o)l= 'H NVR spectrumol A §4.11-4.05 (-OCH:CH,CH:CH0-),

& 2. 34-2. 28(-0C{=0} CH,CH,CH,CH,C{=0}0-), &1.73-1.61 (-0C{=0}CH;CH:CHCH,C{=0}0~

3] -OCH:CH:CH:CHz0-) 2] peak&-& K.ol-=m, YC NMR spectrunof A= 8168, 70

(-0C{=0}CH.CH:CHCH,C{=0}0~), 859.27 (-OCH,CH:CHiCH,0-), & 29, 30

(~0C{=0}CH2CH,CH,CH,C{=0}0-), §&20.77 (-OCH,CHCHoCH,0-) 2 §19.83

(-0C{=0}CH,CH:CH,.CH,C{=0}0-) 2] peak&& LlEhT}), <88 x>

AH2AH RFEIERS] SH

1) 3384 72} FUYNE ol 83 nj By

5g2] ¥ & TFEA}E methylene chloride(500mL)e] £3iA|ZITh @ Au| 8 (4R
T BEAA 3m) 50g& 4zt EejATo] Y3 ol F AA A 2ol A
AlZIch 20torre] ZtstelM 4zt BelAAE 100 rpplE EAAZEA 9lolA
UE REAL Bodg 1000ly] YolFErh ol REE 25CE fx|Azch  Lu)r}
BF FWUES b i 1000L9] polyester&ol& YolFn, olF % 53)6) Fx
HHEERTh mpAjeteo R LEE 50CE &3 30837 HAAFIEAM dolgl: g
$33] 2 Ayl

W5 vz FAE Ao v&EH 282 nlE g (wi)S SH b, 6lRe
EHE Qo3& AHE3te AR

EEUYELE #lollA HEol nHulg 5g& 200Le] FHoll o] 25°ColA Az}
of wie} B-2E &= WA ES HFAtic)

ol YA Ble] vhEolZl vl RS EAG FAbslo] MW, ¥eo| uinyx] ¢n FY
stA w1 EEA] 2 A& & 4 Uddrh. &{ulE HlEHo] Hl2A &L chloroform
(61C) & WHro] AMSHE ZHPole vy AE ddrl. 2 A} FH4AAY
SEHTA o 48A17to] ALtE R4/dHe] SRS SEH VS ¢ 4 el

1-20

201970928 1330~ F A& A/ 010



2) PrimerE o]&-3¥ mjEAIH

912] Aygolla FA(polarity)o] otF & uread F/dol A2 LERA ALY
2 2y sBgoeN nEREHo EFYstA DEEHE RE YAt o8 s
primerd& AMg3to] 122 Q4u|EE WEAZ chg, I ¢ polyester FZ
poly(alkylisocyanate)& ¥|EA]Zc},

HA priver® AMEEHE DEAE A §ul (HE FR)o) &WAA 1 wiw
A2 primer§4E HE vhE, A4 A FUVNE A8 folM Jett B
Mzt o] wiEE wBAFch  ¥BI B8 priver YEYE 2AFEIACL] 0.4
~ 0.7 wtsdr}, <d33H MR

primer& AMgSlS 12} MEX 2 24H8E cHA 48 LEA A&EE AN
slo] 2x mEA) Rt 22 ¥BY 28R} EFE 5 ~ 12.8 wixE HIA IR
A THEolz vlfe] ¥d BAEMI S&48e Aot I H3 o e
H|Z280] 25°C E-FrFolA 48417 o] &3lso] V& BHY 4 dlded, o
£ ¥A4 2t Fubiaol gsle] grgol Al vigolA ¥ v REHE FU3}
A ZREA £ dafel Mdshe AoE oA CEY AR HE)

3) Multiple Dippingbdel 2%t z|HAHH.

10g2] 2 2}E methylene chloride(100uL)ol] €3J2]%) tl&, RLH|EE o] &
o] ©zictzt Avle] GulE 429 air streamfolA] FgaAlzict.  ojuf §uiE
W owha] ZeiAyE vl Edo] gule] JIR7t AAEEIER aird] flow rated X
Hsled Z|XP-S WPl guiyt BE FUEE, olF oW ibEsie R
FUL ¥Ho] o] FojREE iy, wHo] gubd MHIFL FPsta, IR
& ol gsle] HHFHE ZARIE 2 chgol 25°C FHTFA BANEL ¥
x| slo] w|BgHo] &&EE= 71E FEUCH

o] whg Agshd wlad FUF ¥Hol W HEE d& 4 dden, FFe

=2



A SEUHoINE MBPEY FEo] WA= Ystch. 2y gujy =
Hol W& de] dojd Z-%, Mg 71xs Erle) Zxisti Blo| A n},

<CH3 AR dz>

4) fluidized-bed Y4lo] 2J%} )&

B 53] 2 Dichloromethane (b.p. 40°C)o] w27 3 WUHoEH Ay m&
Aol M) 71XE glofal, ¥R} ARol 2o)ste] Ewo] FYUsA vjBy = A=F
8}7] $13te, polyester?] £3[%i= Dichloromethanez} vl 23 Rt "] EAHo] Alr)
228 %<& 1,2-Dichloroethane (b.p. 83°C)& &njg AHgsgch, Ed wjge
U= PPE JNAste] fluidized-bed types] AAE AYAY wwowm qqtsio
AH-g-3tdch

A RA4HIE 100g& sieve(mesh #18 : aperture 1,0mm)o] Y3 o]& o 50°C2]
air stream$ol FAlsto], HlE YZPolEo] TrFolM M WoBESE Fu}
polyurethane 0.5g& 20mf2] 1,2-dichloroethaneo] 52l 2¢}-& primere AR&-31od
Gl FAY ng 92 VAs] AIxsiAAN v BEWe] BLF WEFHER Aoz
th. olm) gdg M Smoh 0 LE Y §&, AT uel g g
2hgol ME 9A agglomerated YA, sieveo] Wt Bomg Zeojstolo}
¥rh  primere] ¥Ho] ubd, A w|ge) FAE zlo] BF wHerg gl
th (& dtellAi= 0.4~0.5%9] RY o] &4 ch, )

primer2] ¥|Ho] it HIRi= THA] sieveo] Yol air streamdio] Zx|% cfg.
polyester-&o4(10g2] polyesterd 200m€2] 1,2-dichloroethanesi] +01)& AME31S
22 HLE o H v¥Ar. EINE gosN Nrl AN EEHg

& 771 A3, MEEY 2dx spssiedn

T|Eo] gyt HIRE @Es] AzA o}g BAE zfo] 2EH polyesters) &
3, BY HulF & olgsto] e IWANE Hegt) 1 Az njEHol
At 22 %L 1,2-dichloroethaned ZujE AH&ShE W R EHM Y polyestery] &
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of ulAgk A E7} WAAstR] U2 vinPAl BEANE ¢ 4 Addch

A3d gAEiERs BHRER

gollA FEA nE HEE F ARA g, EQAMY §&4UH ot
Ao RN ARo|M AT S(pH 6.72)F AHE5t 25°ColAM mlwa A Az
of utg vlgel gaP& FHstAch

A AREL M3t FHEE HANA AAYL F, 100 ol & 23819
o] Wi o7lo] APl HEAY M HuE 1048& FAY g, FR&
Wil parafilm@E ThA] BF chd 22 derh B AHIE A= AE
of thale] 3¥ell HAM A2 W ulEade] wlE vg P& & Y& FYs
3, BFE Ak AY A3 polyesterd] M&HIFof miet FEHEI} =2
o, ml&eako] 18 4xo]4fel 7Pl Hisdg HojEch CEH =D
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M3z R U &

follM 713 vle} ol WBARSA ALLEY] S3HE v Bz $4, A
E 8ol U o UAEF HAY B (L8EE, d¥A, JAA #w )&
AUof . & PR wEx w8 KLAH(T)o] 90°C o]atojojo} win,
S AN BxE 27) ¢isto] Eatgko| Hokwt glr),

T dpoldE A Y nEx g8l gl WA diurea JHe
ureaforn®P Ef] 1Fx} YA difunctional alkyl compound2} urea$ o]-&5}ed A
¥ zZo] w2ty Scheme Io] Uehd A& urea compound & ureaform® el
LEAHE U o] EAe BENYE = linear alkyl polymerE® X3)s}
AL lom, FAlol uread B AU Qo] MEAYE Ao % AuEIE o)
HAded odd Zate el 38 2xEe AUz R golM(nfEE -
3.328) H| R 9] WHEo] FUBLA o]Fo)x]a] ¢kotr),

Scheme |
X
PN H,N___NH, HN_ _NH[ X
X\L/‘};x + ° T ; z\n/ [‘/h\ll-l NH,
o) 0

Organic Diurea

NHJ-OLNHJ/

n jm

Urea Polymer

n; 1- 10 integer

X; functional group
(m ; integer

L

BEHEE 2= Ao FAEE l-nylon (Polyalkylisocyanate)-& monomer ¢]
alkylisocyanate2] 28 &wslo] FA)Y nmonomerE o] &8l Lol A& =
& HAISl dom o] g2 Scheme I10] A2 o] gt} isocyanate?] ¥}

1-24
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& 1848l Wurtzol 2|3t ME AIEE|UR, 19730 o] Fihubyo] <A
th Polyalkylisocyanatet= @ofl 2Jaf Z2}7} #1-¢1 (oF 150°C), &) Al &
& ol FA(dimer) 2= F3ELL cfFEE AFAN(triner) 2 37} doUiEE 1
SRR AHEY Z¥ BlEXEE BolA @ 4 AUtk EF l-nylon F9

unitZ} peptide Thelg RS wiFo] YEMFE AU Qleele} 7|chHc],

Scheme 11
i | i i
R—C—oH —2N, p o MaMNs . poly
Curtius
Rearrangeme
R—N=C=0

0
et NaCN
R=N=C=0  B¥iF/Toluenc +NH\
]|{ N

Poly(alkylisocyanate)

ojx| 2} . g aliphatic polyestert= Diacid®} Diol-& A XZF¥3}AL}, Diacid
FEN(FrE 2 o2HE) Dicld #FHUALLEHN A= Th(Scheme
1), & d5olAE Diacidf A2} Diol& #FUAIE P& o831, 2
T2te] FHet Exi, v EFA Sl uwE v|ggEY S§EEEE YR &)
alch &, dimethyl ester ¥YUE-& Zn(0Ac), FullslollA diol} HESA]H AA
H esterH3ES ThA Ao|F4 Fulstold HFYAA polyester& F&th o]
@A ste] Aol aliphatic polyestert= YWt oz Fxalsfo| 3ol 7|AH #=
1 o Qb Ado] Fx] 9ler € o]lF t}ir] diisocyanatef} chain extensionA]#
wAlg& F7hch HEHer wBAYo] AME® aliphatic polyesters

dimethyl succinate2} 1,4-butanediol & ¥h-$A|Zl t}¥, chain extension® E3}o
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NAA #=g& stk CHHE polyesterd] 84 HFZ>

Scheme IT1

HO2C(CH2),COsH + 2 MeOH —— MeO2C(CH2)xCOaMe + 2 H20

Me020(CH2)xCO2Me + 2 HO(CH),OH ~——s HO(CH2)y02C(CH2)xCO2(CHy)yOH

+
2 MeOH
n HO(CH3),02C(CH),COACH)y OH 2 M O(CH2),050(CH2),CO1n(CH2),OH
e

(n-1) HO(CH,),OH
HO[(CH2)y02C(CH2 ) CO2]1(CH)yOH ——— Chain Extension
X, y=12,4)

, B &,
R &M

bl SN uRY HEAGIIDE YA, ESFE
o, o nl4Be Y, B¢ ¥el 59 4P wouh o

s}
e exol )3l olgko] s} AL, ES] Maeda 5o WA o] 2EiH o
s

g o

t
0%

>
M

O

d FAE AHEste] IERE fRY vEE flo] AT oy 2AE FolA

0

N
B

t
o] ulE moisture permeability$] xpolol] &J3t Ffo] 713 & Aog A 9l
ch (A2l AH¥EZA2 polyethyleneo] | EH v|RERE H|BEZFY £&2
2ol ¥ g 5ro] 83%, FEo) oy AEe| 11xE FHAH UL )

H

WollA & = e ZAMH A4 v5e] yE2goM Gojrt FUEdEs A2 film
membrane?] u|AHl-F=E BF3to] water vapor7} ¥Atso] s o] oo HilgEE
g2 BHAeN MEHF, TETA), o wet sh¢Heh H3] B A7
oA A-gEle]d BEME DERY F ol A7 EY n|dEL] o wiE
E27h HoElejdcl. chgog Wzl FopR-EIt Eo| HFE wlEEE 4

:
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foo] whEojz|il, npx|yte® dH|RAH4E 8o Wog Hisjo] VoA o
polymer membrane® X458 u|AEo] &]ste] £ 3| H09 0.2 FE3i= o] 2}

Scheme IV
~— water vapor A
i Fenil‘izer
solution
LS
b q
Water Absorption Dissolution Elution &

Biodegradation

metd Y4E QY DER NEBEAES AR ojd s e 2y
Helel R4MEE NEATE AP A st AP R BHS HYs
3, REY MBS Agstd 1A Exjuz v niE wgdie] 834
& Z4slol o] ATE ule T Mo NEEAS AAsIe W AL Tof &
24 WS AABch
R pEEUe) NEA SEE Bl gy NSt gt vBE s
Lol HERe] W BU)E A8 NHARE Aol vEH| RS Edol Su)
ZusgA At 7127 B4HAD, o1& B3t vater vapor7h Bl E wE
Azl A Bslol w] R Eo| BAHE Aol BHHYLH, yHA nIE LELE
ol WEsl BHsiedch.  olo] wiste ulnA wEHe| wE LUIE ASY AH
yEo] FUY AR A& 4 Udrh  EY ¥Hugo] 3ol fluidized-bed
& ol 2% Walo] T} Aol Hlst FUY WHEAEL B} FUOH, primere)
Age fEAe] duix] 2 A% uAAE UYYTh  olE primers] AM&Eo] )

POTG/0G/26 1330 W RSB/ 0L g



T+ A2 o 7Y A28 oq4AZct  aliphatic polyester?] A¢ £ ZFo] B4
ol thg IEALE AHE3led MBUEE AzsiEd, F LA il mEw
AgE AHEste] dRolAd MY Eold RALL FAY A3} vEge] g
of v AaE ol o2 nlfel & ul, polyester?] Exlgo] ol Iw
ol’gel B u B telst w gl whety fAPo| P WVECHE g U £ 9
Sith ¥EE viRE vEaol uldsle] AR £&7)7t0] gelAn u|Baro)
18.43%%E 3 ZHFolle mBge] LAl 8&7 0] vige & 5 3

Tl
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Heat Flose (R/Q

Ssmple: I-1B (1ST SCAN) DSC Filw: C:DATA-D=4G.001
Srym %5.0700 mg Operatar: J,H.PARK

Mathod: 40-300/90 JS01+-40/10 Aun Date: 2I-Lap-96 13; 07
Comment: G.H,LHOY
0.%
79,20°C
-0.9+ /w\f e
\ 161.81%C
4 to2.8J4/0
102.8 J/mole
-1.0-
-4 H-
-2,
25 130.60°C !
0 50 i00 130 o 250 enerd?Ous 4n rwiBaos 2100

<2181 10> Dimethyl succinate/l,4-butanediol2] DSC data
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Heat Flow (M/g)

Sampla: 1~-21 (187 SCaN}

Size:

0.4

0.0

~Q.5

«1.0

~3.9

DSC

Fila: C DATA-D-46.002

6.6600 mp Opurastar: J.H.PARK
Method: 40-306/40 k50340710 Pun Detu: 23-Sep-86 12: 07
Commant: G.H.CHOT
l . 92°c
62.084/¢
02.0% J/uale
u1.60°C
0 5o 160 150 200 250

Temparaturs [*C)

General va. ¢ OuPant 2100

<1’ 11> Dimethyl adipiate/1, 4-butanediol 8] DSC data
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[-41

1432

13 G




-

Conc

4
1/’

ty

1C VISUOST

1f]

s LS\

~1

6

4 0r3)
2

4

0.00 0.0t .02 0403 0.04 X1 .06 ANV TR SR i1y 011

conc.(g/ml)

(1w 13> Dimethyl adipiate/l.4—butanediol£l IR BE data
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& 5 P-1 P-2
Melt Flow Ifldex 7 -9 7 -9
~ {(g/10min, @160°C)
Tw (°C) 90 118
Ty (C) ~28 -16 1
Density (g/cm®) 1.22 1.22
Tensile fztrength 330 10
(Kg/cm?)
F]exura} ‘,Modulus 3,300 5,400
(Kg/cm”)
Izod Impact Strength 97 6
notched (Kg - em/cm)
Ir@rmsxc Viscosity 79,384 55 022
(in chloroform)

K 3D 8FA vRA R AFRHE aliphatic polyesters?] &4

v B (wt%)

Primer 4 ;
Acryl polyol(60%) Acctone 04
Polvester polvol(67%) Acetone 05
Epoxy polyol THF 0.2
.-Acryl copolymer(50%) Acetone 06 .
Polyvinyl acetate(50%) Acetone 0.5 N
Polyurethane Acetone 0.7
Polyurethane(20%) Methylene chloride 0.4

CE 4 &xY vigA=Zo] AMEHE primer?] FH2t S, ¥&EY
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I 19> 3 A Al 2 sue o|-&3tod polyester (P-1)E 12.3 wtxn
EAD gaulE8 25 RPN 48117 W & B oA (x400
WE)E AHESle iyt aba, L&A} M B EHo| mj9 Ayy Bl 24§
o] §&Eo] L} g TE(@ 0.11mm)o] R olr}, ol HlE o] W
$U7t FUEHEA 2 J)2o) water vapor7t HEE o] ulEAHo] g3y
Hol U Zieg ofAar)
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<@ 20> Polyvinylacetate® 1Xl& 0.5 wt% | & 7|50 o]l THA]
polyester(P-2)& 2x} mH¥H11.7 wt%) THE, 25C FHolM && HE
8 % 3 wWo)A(x400 v E) L8 AP A, <2d 18>ell A &} vjxtt

EdAUE 25, nMg FH(S 50m)o] Rk



{2 21> Multiple Dipping ol 2lste] polyester(P-1)8 7.8 wtx 1]
AU Q2HRE 25°C FHPN L2APL % 2 Yol (x400 w)
E)2E PGP AR A 2t 2wyl o)ste TEolFl AlRBT}
HA FUgt mEAeE Bejy, HEEHoA Gufrt YR mlux 2

Ut M JIE(HAE RE) BFUY njBEH] Q)

2010/09/26 1380 A M@ B/ ot



<R 22> 1.2-dichloroethaned £ul% 3lo] fluidized-bed, 50C air
streamol]A] 1X}E2 polyurethane® 0.5%%% ¥|EHAZl tlE, T4
aliphatic polyester (P-1)% 20.15 %% u|EA17 u|Hu[5e] EH (x400
Wig). Edo] ul$ FUsA v EEHA ULEE HAFErL

1-52
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Al = 1 2 3 4 5 6 7 8

AR E polyester ¥ (wt %) | 34 | 45 [ 62 | 86 | 116|142 | 184 | 20.1

0%l Hl# 7l %5 o
AR E e A (YD)

05 2 8 17 | 49 | 67 | 97 | 98

g7 Wyt Ardek (wit%)| 44 | 44 | 43 | 42 | 41 | 40 | 37 | 36

<3 5> aliphatic polyester(P-2)2] n|& ko] ul& QAH| 22| 2277}
(25°C, in water)

Release period of urea
100.0

80.0

200

0.0 T 7T LIS S T T s o | B T 7
0.0 5.0 10.0 15.0 20.0

Amount of polyester (wt%)

<Y 23> Polyester H|& ko] w}8 0 Au|8e] BFEE (25°C, in water)

I-53
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W
=N
(o)
[=2]
-1
oc

Al B 1 2

299 polyester F (wt %) 29 | 55 | 60 | 88 [ 115|163 | 184|218

80%9<] Hl &7 & EHe
288 AL (Y)
vlgEe AR ALHFF (wt?)| 45 44 43 | 42 | 4l 39 | 37 | 3B

0.1 2 4 | 19 | 47 | 68 | 93 | 94

¢ 6 aliphatic polyester(P-1)¢] ¥|&&Fo] w& Q4822 25713

(25°C, in water)

Release period of urea

0.0 50 100 150 200 250

Amount of polyester

<18l 24> Polyester (P-1) M| Hakol] u}8 g4ulBe §E4E

(25°C, in water)
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I. A &
MESY B ol 4E (U e A
I. a37de] B4 g 204

Egol Aeld nE 48 AEYY, ety RH-& AX uE gee Berhy
4 BAe] dojupA ) B3 Qate EG 3o g4 88257 g 2ay
o Qg THEHAE 4 s AL HAS A e EQuEe] YAz e}
© HE Z8Y olf X2HE A1 A7 £ 9= '$ol "ol wlely 2 dye) i
FALRREE F84908 /M8 4 g B ] EES Auste Ay, wRz
uny, I8 B&u| B (biofertil izer)& 7Wd4tol aley,

o &% ©ol8¥ biofertilizers] MY Q% SolAe 4 Adgtlgo] Alew
Aol AU FuoME o}x] ArEN o] gldch  2000dciols AN
HY 2012 FAANE e 2o oy Heto]l MY RO oAE7] oo ‘8
8 AUAL W gYog Bty 2ol Yew e Al BEYRE HgHo

FH & 4 & biofertilizer?] 7Y cixhy] Z 8 =) 7} "},

I d770g g 9 ¥y

T A= n4ES o8 VAZNY N MBuS Ao BY A9 Yo
E el el oy Ealso) $4u quAge] My AUE uygy §
B R Y FY GF, QS nlgEe waEH AN, olg dREY IR
& AU FFA Y, pots} fieldold n| A wzE Fepoll At fof wu)
U7 Bl B¢ A78 $9sidct

2019709728 1330 KB/ G



V., a7 d3 d 8ol Ui 44

GEA Qi Byl £ EBY|AEE AUSHY] #1819 PDA-calcium
phosphate 2] BIMIx|E o] &l 1,00000F-2] Mdzt 20009F2] FYo] F5+&
12 gsiedct, olF FFREE APME H&HLoE Hede 4F2 FWY) #54
328 MEE HF Besled £ dF7F 48 FJALFE ¥EshAch HF AU
%4 A3} 1012} 113 FFx= Penicillium sp. & 104 T3+ Aspergillus sp. & 2z}
EAEgon, olF FFEL A4S 500 - 1,000 ppulE olF &2 4Fo|d
th =Y o]& UAIMEHES g AAde FRl wWE Bl =z xd
tricalcium phosphate » rock phosphate > aluminium phosphate =2 hydroxyapatite
TME 7t 2 e Aeg eyl

Qb 7Hg-3t F3e] TUA izl H3tod A IAuiajol ML} XA (conidia)
Heg ZAN A Bel, K44, U, 244 5o FFJuAN olF +FEL XA}
& A 4ste o' Uepylch E=3 AAE EAE B7IRESD] #5te zeolite,
talc, diatomite, bentonite, kaoline, rice bran $2] F%A& H7Islo] 4TolM 6
7MY ol Ayl HUE vl XAPEEo| 90% o] RALg eyt

npx|ete g B F5ES v|YBUER o|§3ld pot2l fieldoH F5(Zea
mays Suvon 19) ZMAlEE W& ol BE HfolM cizto] viz) AEL] Y{Yeirt
453] Foli& VUL
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SUMMARY

Phosphate-solubilizing microorganisms(1,000 bacteria and 200 fungi) were
isolated from soil around Kyungnam and Kyunghbook regions using potato dextrose
agar-calcium phosphate medium, Three fungi with the greatest phosphate-
solubilizing activity were selected and identified to Peniciliium sp. GL-101,
Penicillium sp. PS-113 and Aspergillus sp. PS-104, respectively, based on the
morphological characteristics of conidiophore and conidia in malt extract agar
and potato dextrose agar media, The optimum temperature and initial pH to
solubilize rock phosphate in potato dextrose borth-rock phosphate medium were
25-30C and pH 6.0-7.0, respectively. In these optimum conditions,
phosphate-solubilizing activities of the isolates against four types of
insoluble phosphate: tricalcium-phosphate, aluminium phosphate, hydroxyapatite
and rock phosphate, were quantitatively determined., As results, the fungi highly
discharged free phosphates to the culture broth with the concentrations of
500-1, 100 ppm,

Barley, corn, wheat, rice bran and compost were tested at various humiditjes
for the mass production of the fungal conidia. The results showed that most of
them tested, except compost, could use cheap medium sources,

In order to store the fungal conidia for the long time possibly, some
additives like zeolite, diatomite, bentonite, tale, kaoline and rice bran should
be developed. At 4%C, the phosphate-solubilizing microorganisms isolated still
kept the viability over 90% at all cases,

Finally, the effects of inoculation with phosphate-solubilizing fungi as a
biofertilizer were studied in perlite-based pot cropped with Zea mays Suwon 19,
Incculation of either Penicillium sp. GL-101 or Aspergillus sp. PS-104 increase
in plant height (1.3-1.4 times), plant weight (1.7-1.8 times) and root length
(1.3-1.4 times) at 60-days cultivation compared to Hogland solution either
without NHHPO( or displaced NHH:PO, to powdered rock phosphate, a phosphorous

source, In field trial, we found out similar results on the growth of corn.
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HIEST 23 048 (MY 718317 )

1 774 B3 o 294

7h dge 8y

Egel MelH ulg 4R dYrtne QEYN, oty vieg AA vl 4R
U 4 WAl dolubA Hit Fa] Qake xo FolA A 88345 wy
of 88742 AUE 7M8HAY ¢ U TL NAS ST e EQu|gEL] vy
2 AR HE YEY o8 FEHE AT Y & Q= ol Hrl wepy &
A7 AFMLEEE H$4US 7H8HAY £ g B N EES ANdsie) A
¥, BF2HY, IJZ biofertilizer® MUY YUt} ojAG st ¢lste 1
A AFMY BEE R4 Qarde] sles &z ol EE] Aol Folt} 2dxt
o AU FEE GEY A4 S H njuEe) Uitk wix] XA gl s
8 Aatd 7H83t &3 ulA¥E mass productiong 9|3 UEZE A e)] Fq
thouAlge g 3date] A7 KEE GEY QA 188 & nj A Eo cig
71 By Ay R potd} fieldoAe] 2ol rhgt QA7 EF Au| 2t B o)
Sact

U dPAEe 2e4y

DEEE ol 8T ¥E FA YU AUt Ars H-<18] o] folx g}, 1950
def  elaobet  FRYHelM  B8Y  Qag HeEAD £ s nyE
(phosphobacteria)& £elste] Eoke] Nz|@t Zz} =ge A4 F+E Fuag 4
giglen], B 1082 43 FHE Motch 1980 tholls Penicillium bilaji 52} A}
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ol A4k FeE FuAe ez s oluE ndEE& ol&t
biofertilizer®] 72 AXE Folre o HEHx ] A ol 3=t o
A ol dFHEDY Hol gglch. 2000dciols VBREES Y 2V FAHZH
2 Hefulgof ot Ajeto] MM AoR oAEI ol 8 AddE AEHL
2 E3ste] Ago] HAR she Ui HBEMEE T&YLE FIAMN & 4 Ae
biofertilizer?] st tixrs] 2% 47 el

2. 47/ U8 2 HH

7t @78 1§73

PDA(potato dextrose agar)-calcium phosphate £€]-§ HIW|x]§ o]&5t T84
Aitdg 7HE3AA 4 Qle nlAES 1AEsIsT] o|24E PDB(potato dextrose
broth)-A A njx|§ o] &3t AFMo2NE Ko A LHEE Y& 4
g A3t ol& FF5ol iyt 53& AT

uh AUFFE] oy ejgfyd b R oA A
AUFFES QAR #BJY A nPRE W Y p T SV E 24

stglrt. E4 chert A4de] Hvtel AT AEFFEY s, $8E A
do] FFol wE Haj X3}, FALFe wixle] pH 83 F& SYsidch

th 348 vixje Ay



2ol W A Se4, Hul, 259 S g AR o)A AL 2R E-S
MYRE wl A2 FHof iyl B} conidia) B4%5& A8,

et Aat7hg2Rre Yrime

UA7HBETES] BAAE AIRE(6/Y  ol4)3) #IT  zeolite, talc,
diatomite, bentonite, kaoline 2] F2A W7hENE AR s

Bl Potg} fieldoj M e] wjxAN

UM ea-Ee] BB gAY RAHEE 9181 potd} fieldojA] K4 Zea
Bays Suwon 19) AujA| Y& AlA]s}ain},

3. a7y A=

7t AAhge S4ee] Mg

HEtE Al Eilso) 244 EQnNES Astr] fiste] Sejuete &
HAG(T, g8, FydEs, $3gEE 5) A, uby Ttk e} Al siez]
WA §o AuaFA 2otz e Yujy HANEL 2EY Fold BYAng 2
Hotgeh. FEAEYNL B 188 0.5% peptone water € Soloj] 3 E§ls}e o
& AAY == 24(1/10 - 1/1000)3}2L PDA-calciug phosphate 2|8 Byhu)x)o)
EWstaTh o)A 30°ColM 1-4Q037 viPY - Za FHoll FHclE HA3e 2
® AU o) At Fow nysin o oA drigos Bajgo) 24



T F5F 1pddsigicl, o A4 o 1,00059] M 2000F8 A 27E 1A
Mygstaict 12pdd A3 FF FH BRI B den, £Ycj AN s 4
& oM E calcium phosphate?] ¥3l%so] F-431AAT W2 Fcje] A7)0} 3o}
T E3so] 4% g% wAasgc) $uofu gl calcium phosphates QU4tE 718
g F3of 2is] 7 41A ¥EI] widel 12ME 2 AYSIAY AA BEduo] &
AR Jatd FolA #3273 52| ¢ aluminium phosphate, hydroxy apatite,
rock phosphate 52| ¢lAtgdo] cisiMde ztzhe] #5571 datdel FRel wet 7|45
o] d& Ry Wil FEcizt AL FFE dY dEsioch

chd BAE 12MEY FRE & B F AUFLR 1Y Fay ddHE
TgAow FMth= FFF 2XREY Fodeg Addth & A #FF 30Tl
A o] wieh 3-7¢% PDB-QUH4(rock phosphate) Aujz|ollAd widspaA ol
feladakg st 2 A3 ARY 3ol ©A 452 A 72 35
Mg 2F 2esidch. Se¥ AP e dJHE e ukel 242t 101, 102, 104,
113 32 Wisiden, MF 332 EelxWo] wel 242 palkong, kaya, yangsan
Sog Wyt g d7E A FALFE EE3lolcl

Ao MYUR AMIFE TFE FE5H7] 915l Malt agaru]x] W PDA wjx|ofA
28 widshdA Szt WYPo|AG o83t PelwHE YUt 2 Hz
(Table 1) $18] ¥ FF2 uixlo|A |AIE Hefdd Hapa 42 1012 113 &5
= A Mg ExYE] oA AYAQ]  Penicilliuw sp. B, 104 dFE
Aspergillus sp, & SA=qc). uleld olg BB +FEE U Penicillium sp.
GL-101, Aspergillus sp. PS-104, Penicillium sp, PS-1132.8 w=wsigch v
102 32} 322 MFES spored BASHA Y7l wiEel 2ot AR gyt
A £ dojof FHol /el Zolth

U AR 4EEY

£ dFE Htto] AT AN FFNL2M oA FYsie] AdMMEER TV}
3, syl (V1o RE Fguckeh ARHe PEEME HEHUY
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Table 1. Morphological characteristics of phosphate-solubilizing fungi
isolated from soil.

Fungus 101 102 104 113
strain
DFront color:  |@Front color: (DFront color:
whi te—>green white (DFront color: white—green
@Reverse color: |@Reverse color: dark black |@Reverse color:
yellow vhite yellow
Colony ) _ . .
sorphology @surface: @surface: GDReverse‘color. @surface:
powdery powdery yellowish powdery
@entire shape: |[@entire shape: white @entire shape:
brush appea- velvety app- brush appea-
rance earance rance
(Dconidiophores: (Dconidiophores: [(Dconidiophores:
branched - terminally branched
Microscobic |@mycellium: no swelling [@mycellium:
morphology septate spore-forming - unbranched septate
@phialides: @mycel 1ium: Qphial ides:
flask shape septate flask shape
Identified |Penicillium sp, |Unidentified sp. (Aspergillus sp. |Penicillium sp,
name GL-101 102 PS-104 PS-113
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o] FAE Yol wel Axsgen, 1 dape Table 20 viehd 3} Fo] F Uit
g1a}(P,0;)0] 34.230]%41.2.0] Ql4t, Ca0(50,21%), Si0x(7.16%) Bo|l FAHRLEN AN
o] oF 92%8 apx|sact. o)A B.P.L(bone of phosphate lime = FU4MgHaFx2.185)
V2o s 76.768 35 EA JBMoE RPHICL

th gl w2 AYFFES A3H LAE

W& x(25, 30, 37C)ol w AUFdFE ARH Edlsel ot FTH £4
A Fig. 12+ drl o] Aol 2spd LeldFE82 B 22VE fejdaty £
s)ipo] F2o] wal Ao 500-800ppa FEH.on, widEEW Rt BP ol
2-3u] Fxe] old BHYE ¢ 4 vk ol dWH FAe2 2ol AFol
B31(1995, THENNRUEA)Q FFoiMe] AFA Felsol Pseudomonas putidad]
A] 20ppm, Penicillium sp. oll22) 80ppm, Aspergillus nigerollAl 400ppn & <&
Q A} vjaNts o YB3 e dAdch

27) pH(pH 6.0, 6.5, 7.0, 7.5)0] & FYo] FF-E2] AR F2ol it 3
abd B4 daNe Fig. 29 Ath o Aol 2w sjgLEg 0CE 23WE
Ao siE Rellare] Adede] FFof whel Hcf 500 - 1,100ppu7tA] FITEE
o 4= gt =Y ARA FHEsltol 23t uijodee] A7 pHol citt HF pi UHE
ZAF A3} (Table 3) HE pH7l WE5F FelAdate] Fdol F7HdE & + Ach
wetd o] FFES Rl A48 J13te] o] FFEe| FPste Rl A A
o2 Azt 4 Qlrh AF7A @A KA B 712 Bes, RN B4
¥ vhergr s)zte] oA Qleh. wdEe] AdsHe #7148 WeEle oxalic acid,
malonic acid, succinic acid, 2-ketogluconic acid, tartaric acid, citric acid &
o8 tviersinl, & F27} ojd 2He {14 ke 471 M g
dEEe] ey Zolch

2. A4td 7HE-2} njg&el ol wiA] A3}
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Table 2. Contents of rock phosphate from China

el B IR & 2 H) (%)
P40s 34.23
Fex05 0.52
Al:0s 0.77
Ca0 50. 21
Si0; 7.16
F 3.23
Ignition-loss 3.83
H.0 2.55

I-13

A019/09/26 13:32- @9 X ¥ 3 01AT 0f



Table 3. Terminal pH changes during the culture of
phosphate-solubilizing fungi at various initial pHs.
Fungus Penicillium sp. | unidentified Aspergillus |Penicillium sp,
GL-101 sp., 102 sp. PS~104 PS-113
Initial pH Terminal pH Terminal pH Terminal pH Terminal pH
6.0 3.2 2.3 3.2 2.9
6.5 4.5 2.4 3.2 2.9
7.0 3.3 2.5 3.2 3.1
7.5 3.0 2.4 3.2 3.1
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Fig. 1. Changes of free phosphale concentrations during the
cultivation of phosphate-solubilizing fungi (A: Penicillium sp. GL-101,
B: unidentified sp. 102, C: Aspergillus sp. PS-104 and D: Penicillium
sp. PS~113) at various temperatures with time courses. Symbols
denote O-0; 25T, @-@; 30T and V-V; 37T,
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Fig. 2. Changes of free phosphate concentrations during the
cultivation of phosphate—solubilizing fungi (A: Penicillium sp. GL-101,
B: unidentified sp. 102, C: Aspergillus sp. PS-104 and D: Penicillium
sp. PS-113) at various initial pHs with time courses. Symbols denote
v-v; pH 60, O-0O; pH 65, V-V; pH 7.0 and @-@®; pH 75.
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1) &84 At Ffol o} feat Ay

UL7HE3 AME Penicillium sp. GL-1012} Penicillium sp, PS-113 @32 (&
4 4td(rock phosphate, aluminium phosphate, hydroxyapatite, tricalcium
phosphate)o] cti¥} Qit7}831%g MY AzKHFig. 3) tricalcium phosphate »
rock phosphate > aluminium phosphate > hydroxyapatite &A]& =371 & = A
28 e}y,

2) o AU Alel o feldat AHE

UMY AAME  Penicilliuw sp. GL-101, Aspergillus sp. PS-104 R
Penicillium sp. PS-113 T8 HadoeM 2z potassium nitrate, sodium
nitrate, ammonium chloride, ammonium sulfate, ammonium nitrateg JIIYL F wjor
StAM 388 Qg oYt RAE &g AW A2be Fig 4 - Fig. 60 Uehy
QAch. 2 o] BEe] ¢ uiP FS pH Hle) tiMME Fig 7 - Fig. 9] Uehy
act.

ot AA7HEEREY fgulo}

UTLELZS] FUA oA ag Htte] Re), J44 wu] So| gt 2Aulx
& o]&3to] zt wiajo] cigt ufFAIbY Eal(conidia) BAHES ZAbstoicth. AYy
Y 50ml conical tubeo] B Ba), {ude, Y] £& 108 Y& ¥ 121TC, 15
T BHY thE FRUYE 40, 50, 60x2 zAslo] 2l E Azsech o] w)
o] tube 3.6x10°70¢] Penicillium sp. GL-101, Aspergillus sp. PS-104,
Penicillium sp, P5-113 F5¢| conidiaf 2}z} FE3to] 25ColA 5, 10, 15, 204
T Yt ZAl-g &AslArt. I A} Penicilliun sp. GL-101 (Fig., 10 -
18), Aspergillus sp. PS-104 (Fig. 16 - 21) Q@ Penicillium sp. PS-113 (Fig. 22 - 27)
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Fig. 3. Changes of free phosphate concentrations during the
cultivation of Penicillium sp. GL-101(A) and PS-113(B) in the SDB
media containing various insoluble-phosphates with time courses.
O~-0O; rock phosphate, @-@®; aluminium phosphate,
V -V ; hydroxyapatite, V-V, tricalciumn phosphate.
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Fig. 4. Changes of free phosphate concentrations during the
cultivation of Penicillium sp. GL-101 in the SDB media containing
various insoluble-phosphates (A; rock phosphate, B; aluminium
phosphate, C; hydroxyapatite and D; tricalciuin phosphate) and
nitrogen sources with time courses.

O-O; potassium nitrate, @-@; sodium nitrate, V-V; ammonium chloride,
V-V ammonium sulfate. []-[]; ammonium nitrate, -M; control.
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Fig. 5. Changes of free phosphate concentrations during the
cultivation of Aspergillus sp. PS-104 in the SDB media containing
various insoluble-phosphates (A; rock phosphate, B; aluminium
phosphate, C; hydroxyapatite and D; tricalcium phosphate) and
nitrogen sources with time courses.

O-O; potassium nitrate, @-@; sodium nitrate, V-V; ammonium chloride,
V-V ammonium sulfate. []-[_}; ammonium nitrate, H-Bl; control.
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Fig. 6. Changes of free phosphate concentrations during the
cultivation of Penicillium sp. PS-113 in the SDB media containing
various insoluble-phosphates {(A: rock phosphate, B; aluminium
phosphate, C; hydroxyapatite and D; tricalcium phosphate) and
nitrogen sources with time courses.

O-0O; potassium nitrate, @-@: sodium nitrate, V-V; ammonium chloride,
V-V¥; ammonium sulfate. [J-[]; ammonium nitrate, l-W; control.
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Fig. 7. Changes of pH values during the cultivation of Penicillium sp.
GL-101 in the SDB media containing various insoluble-phosphates (A;
rock phosphate, B; aluminium phosphate, C; hydroxyapatite and D;
tricalcium phosphate) and nitrogen sources with time courses.

O-O: potassium nitrate, @-@; sodium nitrate, V-V; ammonium chloride,
¥-V¥: ammonium sulfate. [J-[]; ammonium nitrate, - control.
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Fig. 8. Changes of pH values during the cultivation of Aspergillus sp.
PS5-104 in the SDB media containing various insoluble-phosphates (A;
rock phosphate, B; aluminium phosphate, C; hydroxyapatite and D;
tricalcium phosphate) and nitrogen sources with time courses.

O-O; potassium nitrate, @-@; sodium nitrate, V~V; ammonium chloride,
V-V, ammonium sulfate. []-{J; ammonium nitrate, H-I; control.
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Fig. 9. Changes of pH values during the cultivation of Penicillium sp.
PS-113 in the SDB media containing various insoluble-phosphates (A;
rock phosphate, B; aluminium phosphate, C; hydroxyapatite and D;
tricalcium phosphate) and nitrogen sources with time courses.

O-~0; potassium nitrate, @-@; sodium nitrate, V-V; ammonium chloride,
¥ -V¥; ammonium sulfate. [J-[J; ammonium nitrate, -l control.
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Fig. 10. Conidial numbers of Peniciflium sp. GL-101 culturing on
rice-cooked solid media at various humidities. Symbols denote O-0;
40% humidity, @-@:; 50% humidity and V-V; 60% humidity.
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Fig. 11. Conidial numbers of Penicillium sp. GL-101 culturing on
barley solid media at various humidities. Symbols denote O-O; 40%
humidity, @-@:; 50% humidity and V-V; 60% humidity.
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Fig. 12. Conidial numbers of Penicillium sp. GL-101 culturing on
wheat solid media at various humidities. Symbols denote O-Q; 40%
humidity, @-@; 50% humidity and v-v; 60% humidity.
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Fig. 13. Conidial numbers of Penicillium sp. GL~101 culturing on corn
solid media at various humidities. Symbols denote O-O; 40%
humidity, @-@; 50% humidity and V-V 60% humidity.
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Fig. 14. Conidial numbers of Penicillium sp. GL-101 culturing on rice
bran solid media at various humidities. Symbols denote O-0O; 40%
humidity, @-@: 50% humidity and V-V; 60% humidity.
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Fig. 15. Conidial numbers of Penicillium sp. GL-101 culturing on
compost solid media at various humidities. Symbols denote O-0; 40%
humidity, @-@: 50% humidity and V-V; 60% humidity.
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Fig. 16. Conidial numbers of Aspergillus sp. PS-104 culturing on
rice-cooked solid media at various humidities. Symbols denote O-0;
40% humidity, @-@; 50% humidity and V-V; 60% humidity.

m-3i

2O19/00/26 13328 Q#0100



o
o

% 40
-«
X
)
2 30
IE
'g 20
O
]
S 10-
7
0‘[ B ¢ T T
0 5 10 15 20

Culture time (days)

Fig. 17. Conidial numbers of Aspergillus sp. PS-104 culturing on
barley solid media at various humidities. Symbols denote O-0; 40%
humidity, @-@®; 50% humidity and V-V; 60% humidity.
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Fig. 18. Conidial numbers of Aspergillus sp. PS-104 culturing on
wheat solid media at various humidities. Symbols denote O-0; 40%
humidity, @-@; 50% humidity and vV-v; 60% humidity .
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Fig. 19. Conidial numbers of Aspergillus sp. PS-104 culturing on corn
solid media at various humidities. Symbols denote O-0O; 40%
humidity, @-@; 50% humidity and V-V; 60% humidity.
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Fig. 20. Conidial numbers of Aspergillus sp. PS-104 culturing on rice
bran solid media at various humidities. Symbols denote O-0; 40%
humidity, @-@; 50% humidity and V-V; 60% humidity.
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Fig. 21. Conidial numbers of Aspergillus sp. PS-104 culturing on
compost solid media at various humidities. Symbols denote O-O; 40%
humidity, @-@; 50% humidity and V~-V; 60% humidity.
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Fig. 22. Conidial numbers of Penicillium sp. PS-113 culturing on
rice-cooked solid media at various humidities. Symbols denote O-0;
40% humidity, @-@; 50% humidity and V-V; 60% humidity.
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Fig. 23. Conidial numbers of Penicillium sp. P5-113 culturing on
barley solid media at various humidities. Symbols denote O-0O; 40%
humidity, @-@; 50% humidity and V-V; 60% humidity.
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Fig. 24. Conidial numbers of Penicillium sp. P5-113 culturing on
wheat solid media at various humidities. Symbols denote 0O-0O; 40%
humidity, @-@; 509 humidity and V-V; 60% humidity.
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Fig. 25. Conidial numbers of Penicillium sp. PS-113 culturing on corn
solid media at various humidities. Symbols denote O-O; 40%
humidity, @-@; 50% humidity and V-V; 60% humidity.
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Fig. 26. Conidial numbers of Penicillium sp. PS-113 culturing on rice
bran solid media at various humidities. Symbols denote O-0O; 40%
humidity, @~-@; 50% humidity and V-V; 60% humidity.

o-41

BO1G/09/26 13 32-F W N @R/ CEX O



N W
16)] o

N
o

No. of conidia / g (107)
o o

44}

0 1
0 5 10 15 20

Culture time (days)

Fig. 27. Conidial numbers of Penicillium sp. PS-113 culturing on
compost solid media at various humidities. Symbols denote O-O; 40%
humidity, @-@; 50% humidity and V-V; 60% humidity.
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Al oA Bdo] HulE AP He), 44 W, WA Fo FHEux]oll A4
EAGYEol S Ao velyr).

Bl Ai7Hg3Ee Brns

QA7Hg2 LS biofertilizers HEH37 YA e olE QB 2Ys}
t ABEANE B RESN= WS st Yot ol #8) A zeolite, talc,
diatomite, bentonite, kaoline, rice bran £&] Zal48 U732} Alabgo] M7}
Blo] 4°CofA] B71 (670U )8 A Penicillium sp. GL-101 #3(Table 4-9)
Aspergillus sp. PS-104 F-5%(Table 10-15)2] conidia AEEE 2T 2 Az
4CoAN BAY F¢ F FFE 649711 AYY RE e T2 i 2a}
BEEO] 90% ol Hog Uiyt

Ab QatZhgerZe] Ajulza}

Uik 7H83 Al FF8 P24 AT Ago] oy Y2, g =
A7) $13te] potoll M J44(Zea mays Suvon 19) ZujA W& A A Bt CHFig. 28)
(Table 16, 17). AY'PHL 44§ FRo|A WolA)7 ¥ oF 25059 perlite(4t:
=AD& AE pot[ @30(2F) x30cu(&ol) ol &A4 AL T ciopg B g2t
growth chamberg o83l 60Ut wiYsiEA 5UFo e MY ABe %o|(Fig.
28) W HF % Fof FH(Table 16)9} He[o|(Table 17)8 ZAs}o] HL -
stgdth. 3 A2 QAIMEE Penicillium sp, GL-1013} Aspergilius sp. PS-104 &
& UMY potel Mo K44 ASels} nAEE WA Qe thzTo] S|
8 F&E & 4 Urh

ER AIHEEY fieldoll A FEMKo] the Liba AYUSH| 915t 9744
A HER(60cn X 5.00)0) A J44= Al HE AAstoATt, Agyye 2} 23 E
& A He F ) 2L 2R, ol 3] AL QBN (3 5 EH)& A 7151,
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Table 4. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4T in bentonite as additive.

Storage i
ti: N°;t°sft:::i‘dia No. of conidia | No. of conidia |No. of conidia
Cul ture int ng after 1 wonth | after 2 months |after 6 months
Media (CZZ trol) storage storage storage

Rice 6.0 x 10" 6.0 x 10" 6.0 x 10" 5.0 x 10"
Barly 7.3 x 10" 7.3 x 10" 7.3 x 10" 7.3 x 10"
¥heat 7.2 x 10" 7.2 x 10" 7.2 x 10" 7.2 x 10"
Corn 3.1 x 10" 3.0 x 10" 3.0 x 10" 3.0 x 10"
Rice bran 1.3 x 1o 1.3 x 10" 1.3 x 10" 1.3 x 10"

Table 5. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4T in diatomite as additive.

SO19/00/26 19:30- 820 KU DH 01X 6

e N of conidia | No. of contdla | No. of conidia |No. of conidia
Cul ture golnt after 1 month |after 2 months | after 6 months
Media (Control ) storage storage storage
Rice 2.3 x 10" 1.5 x 10" 1.0 x 10" 1.0 x 10"
Barly 6.6 x 10* 50 x 10" 3.0 x 10" 3.0 x 10"
Wheat 1.8 x 10" 1.8 x 10" 1.8 x 10" 1.8 x 10"
Corn 6.2 x 10" 4,0 x 10" 3.0 x 10" 3.0 x 10"
Rice bran 1.9 x 10" 1.9 x 10" 1.9 x 10" 1.9 x 10"
I1-44




Table 6. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4T in kaoline ag additive.

Storage i
time N‘:t (;i;otniidla No, of conidia | No, of conidia |No. of conidia
Cul ture iht ng after 1 month | after 2 months | after 6 months
Media ( Cgﬁ trol) storage storage storage

Rice 1.3 x 10" 1.3 x 10™ 1.0 x 10" 1.0 x 10"
Barly 5.5 x 10" 2.0 x 10" 1.6 x 10" 1.6 x 10"
Wheat 1.4 x 10" 1.4 x 10" 1.4 x 10" 1.4 x 10"
Corn 4.3 x 10" 4.3 x 10" 4.3 x 10" 4.3 x 10"
Rice bran 6.2 x 10" 6.2 X 10" 6.2 x 10" 6.2 x 10"

Table 7. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4T in talc as additive.

Storage :
ti:g N‘:t c;i;o:?dm No. of conidia [No. of conidia No. of conidia
Cul ture int ng after 1 month |after 2 months after 6 months
Media ( Copz trol) storage storage storage

Rice 3.8 x 10" 3.8 x 10" 3.8 x 10" 2.0 x 10"
Barly 1.0 X 10% 9.0 X 10" | 8.0 x 10" | 8.0 x 10!
Wheat 1.0 x 10* 1.0 x 10% 1.0 X 10% 1.0 x 10%
Corn 2.6 X 10" 2.6 x 10" 2.6 x 10" 2.6 x 10"
Rice bran 2.9 x 10" 2.9 x 10 2.9 x 10" 2.9 x 10"
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Table 8. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4C in zeolite as additive.

Storage + 43
ti:z N:t. osft::tnixdxa No. of conidia | No, of conidia [ No, of conidia
Culture point ng after 1 month | after 2 months | after 6 months
Media (Control ) storage storage storage

Rice 3.1 x 10" 3.1 x 10" 3.1 x 10" 3.1 x 10"
Barly 1.8 X 10¥ 1.4 x 10% 4,7 X 10" 4.7 X 10"
Wheat 1.2 X 10 1.2 x 10* 1.2 X 10* 1.2 X 10"
Corn 1.1 X 10% 9.0 x 10" 8.0 x 10" 8.0 X 10"
Rice bran 1.8 X 10* 1.7 X 10" 1.5 x 10 1.5 x 10*

Table 9. Conidial numbers of Penicillium sp. GL-101 during the
storage at 4T in rice bran as additive.

2019/04/26 13:32-8 W RV N/ 0L

St(:r;:ge N:t o:t::gir:‘ia No., of conidia |No. of conidia |No, of conidia
Cul ture soing after 1 month |after 2 months |after 6 months
Media (Control ) storage storage storage
Rice 9.0 x 10" 6.0 x 10" 6.0 x 10" 6.0 x 10"
Barly 5.3 x 10" 5.0 x 10" 50 x 10" 5.0 x 10"
Wheat 4,3 x 10" 1,5 x 10" 1.3 x 10" 1.3 x 10"
Corn 4.3 x 10" 1.5 x 10" 1.0 x 10" 1.0 x 10"
Rice bran 4.6 x 10" 2.3 x 10" 2.0 x 10" 2.0 x 10"
X-46




Table 10. Conidial numbers of Aspergillus sp. PS-104 during the
storage at 4C in bentonite as additive.

Storage : 43
timz Nl't c;ft;inildla No. of conidia |No. of conidia [ No, of conidia
Culture int ne ai:zr 1 month |after 2 months after 6 months
Media ( Cc;’:: trol) storage storage storage
Rice 7.0 X 104 7.0 x 10" 4.0 x 10" 3.0 x 10"
Barly 6.0 X 10* 41 x 10" 3.2 X 10% 3.2 x 10*
Wheat 4,0 x 10" 4.0 x 10" 4.0 X 10" 4,0 x 10"
Corn 7.0 x 10" 7.0 X 10" 7.0 X 10" 7.0 x 10"
Rice bran 4.7 x 10" 4,5 x 10" 1.1 x 10% 1.1 X 10%

Table 11. Conidial numbers of Aspe cillus sp. P5-104 during the
storage at 4T in diatomite as additive.

Storage s di

ti:g No.t oi:inildla No. of conidia |No. of conidia |No, of conidia

Cul furd e i;t ng after 1 month |after 2 months after 6 months
Media ( Cs: trol) storage storage storage
Rice 3.0 x 10" 3.0 x 10" 2.0 x 10" 2.0 x 10"
Barly 9.0 x 10" 8.0 x 10" 2.0 X 10" 2.0 x 10"
Wheat 1.7 x 10" 1.7 X 10" 1.7 x 10" 1.7 x 10"
Corn 6.0 x 10" 6.0 x 10" 6.0 = "o 6.0 x 10"
Rice bran 4.1 x 10% 4.1 X 10* 4.1 x Jo* 4.1 x 10%
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Table 12. Conidial numbers of Aspergillus sp. PS-104 during the
storage at 4C in kaoline as additive.

Storage idi
HiFe Noa;t osi:::il::a No. of conidia |No. of conidia | No. of conidia
Culturs int after 1 month |after 2 months [ after 6 months
Media ( sz trol ) storage storage storage
Rice 2.2 X 10* 1.4 x 10" 8.0 x 10" 8.0 x 10"
Barly 5.8 X 10" 4.3 % 10 2.4 X 10" 2.4 X 10*
Wheat 1.9 x 10* 1.9 x 10* 1.9 x 10" 1.9 x 10%
Corn 5.0 x 10" 5.0 x 10" 5.0 x 10" 5.0 X 10"
Rice bran 1.5 X 10% 1.5 X 10* 1.6 x 10% 1.5 X 10

Table 13. Conidial numbers of Aspergillus sp.

storage at 4T in talc as additive.

PS-104 during the

ZO19/09/26 13308 % KR 0L G

St:gze Noa.t (;i::&i:gia No. of conidia [No. of conidia | No. of conidia
Culture paie after 1 month |after 2 months | after 6 months
Media (Control ) storage storage storage

Rice 3.4 X 10* 3.0 X 10" 3.4 x 10* 1.1 X 10*

Barly 1.6 x 10* 1.5 X 10* 1.6 x 10* 1.6 x 10"

Wheat 7.0 x 10" 7.0 X 10" 7.0 x 10" 7.0 x 10"

Corn 3.0 x 10" 3.0 x 10" 3.0 x 10" 3.0 x 10"

Rice bran 3.6 x 107 3.6 x 10" 3.6 x 10* 3.6 x 10*
I -48




Table 14. Conidial numbers of Aspergillus

storage at 4T in zeolite as additive.

sp. P5-104 during the

Storage i
time Noa.t t;t;aic;ni:dia No. of conidia No, of conidia |No. of conidia
Cul turd int ng after | month |after 2 months | after 6 months
Media ( Cz: trol) storage storage storage

Rice 7.1 X 10% 2.8 x 10% 2.1 x 10" 2.1 X 10%
Barly 7.9 X 10" 7.2 X 10" 6.8 X 10% 6.8 x 10"
Wheat 4.7 %X 10% 4,7 X 10" 4.7 X 10* 4.7 x 10"
Corn 4,0 x 10" 1.5 X 10% 7.0 x 10" 7.0 x 10"
Rice bran 7.8 X 10% 5,9 x 10% 3.5 X 10% 3.5 x 10*

Table 15. Conidial numbers of Aspergillus sp. PS-104 during the
storage at 4T in rice bran as additive.

St(:?:ge N:t osf;aiotniindgia No. of conidia [No, of conidia No. of conidia
Cul turd — after 1 month |after 2 months after 6 wonths
Media (Control ) storage storage storage
Rice 3.0 x 10" 3.0 x 10" 3.0 x 10" 3.0 x 10
Barly 4.0 x 10" 4.0 x 10" 4,0 x 10" 4.0 x 10"
Wheat 4.0 x 10" 2.0 x 10" 5.0 x 10" 5.0 x 10Y
Corn 1.3 x 10* 8.0 x 10" 5.0 x 10" 5.0 X 10“#
—Rice bran 4.3 x 10“ 2.7 x 10 1.1 x 10% 1.1 x 10"
o-49
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Table 16. Wet weight(g/plant) of corn(Zea mays Suwon 19) influenced
by different nutrients with or without phosphate-solubilizing fungi, a
microbial fertilizer, after 60 days cultivation. All data were means of

three replicate.

Nutrient

Vet weight (g/plant)

Distilled water

Hogland sol ‘'n - NHH:PO,

Hogland sol’n

Hogland sol‘'n - NH#:PO, + Rock phosphate

Hogland sol'n - NHH:PO4 + Rock phosphate +
Penicillium sp. GL-101

Hogland sol ‘n - NHH,PO4 + Rock phosphate +
Aspergillus sp. PS-104

3.1

5.6

41.3

8.8

45.5

41.7




Table 17. Root length of cor ‘Zea mays Suwon 19) influenced by
different nutrients with or without phosphate~solubilizing fungi, a
microbial fertilizer, after 60 days cultivation. All data were means of
three replicate.

Nutrient Root length (cm/plant)

Distilled water 43.0

Hogland sol’n - NHH,PO, 45.3

Hogland sol ‘n 47.1

Hogland sol ‘n - NHHPO; + Rock phosphate 50.6

Hogland sol ‘n - NH#HPO, + Rock phosphate + 56.9
Penicillium sp, GL-101 ’

Hogland sol 'n - NHH:PO, + Rock phosphate + 62.4

Aspergillus sp, PS-104

o-51
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Fig. 28. Time-dependent height of corn(Zea mays Suwon 19)
influenced by different nutrients with or without
phosphate~solubilizing fungi as a microbial fertilizer. All data were
means of three replicate. Symbols denote nutrients treated as
followings: @-@, distilled water; [1-[], Hogland solution without
NHH:PO; ; O-O, Hogland solution; ¥-V¥, Hogland solution displaced
NH H:PO4 to rock phosphate as a phosphate source; Vv ~V, Hogland
solution displaced NHsH,PO4 to rock phosphate as a phosphate source
and inoculated with Penicillium sp. GL-101; ll-Hl, Hogland solution
displaced NHsH:PO: to rock phosphate as a phosphate source and
inoculated with Aspergillus sp. PS-104.

n-52
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U] 370 2P (1. 6/ EH) S 22t Hrlstgch =Y 3FFe] ol 22}
o] BE-& Aesla] oke tiRSL, Penicillium sp, GL-101 &5 W7V, Aspergillus
sp. PS-104 HF}72 Lhyo] ZEsIAT) olu) AR AHEEY EAHFEL 3 x 10°
conidia/ml & zFsgon, olF Ex}gdg 2t2E T0miY Fu)slo] R 2 literz}x]
HYsto] F2F Auisigcl, 2 Py 30U NEEL FxE chz7o via) ela
7H8:3t AbdEg ARt A7 WSs TTHL HesAc),

@ Illmer, P. and F. Schinner “Solubilization of inorganic calcium
phosphates-solubilization mechanisms® Soil Bio, Biochem, (1995) 27(3),
257-263.

@ lllmer, P., A, Barbato and F, Schinner “Solubilization of hardly-soluble
AlPOs with P-solubilizing microorganisms” Soil Bio. Biochem, (1995) 27(3),
265-270,

@ Rice, W. A., P. E. Olsen and M. E. Leggett “Co-culture of Rhizobium
meliloti and a phosphorus-solubilizing fungus (Penicillium bilaii) in
sterile peat” Soil Bio. Biochem, (1995) 27(4-5), 703-705.

@ Varsha, N., T. Jugnu and H. H. Patel “Mineral phosphate solubilization by
Aspergillus aculeatus” Ind, J. Exp., (1995) 33(2), 91-93.

@ MPM, ot AW, MY ‘U= BEQolM £e]¥ Pseudomonas butida,
Penicillium sp, W Aspergillus nigerol] &%} G4 QAo 7183 gie
DU R =] (1995) 28(3), 278-286.
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U E& o] &% bioferfilizer 7}

L ATNEY BY R Fay

AT F7heh A W@o) g A F45 o] g g0 =y w2l ooy s
e ol Hzsn], A2 24 Hzay S FE8E AEF9 F90) 2
@ Hdeos 44" k. waM, vEe Yuu Rgey ANgol e %
A Aol tate] @ARAY 9% A2de 2 egso} e Al A ojel g
Gl Hsz N2 Yo vz 3 2xe $EY v O BE ume A
E, 2 B HEY) HES EY 4 U= EG nyRy ERAQA o g 7%
4 AL s AYsig aHEE B gy cEFAdA HaznH
Cyanobacteria® £elslo 148 3224% 78 Musin YT 54
& BAote REFFE oYw )38y sde YEso EY ALY %9
WEE &4t Cyanobacteria® HESH ugzy ol gate THE =&8a
A ).

AT NE R e

E¥elA Bod 3006%9 ALy ugagsrs 22t dd st FAstn, 2t
T4 AT Y& gas chromatography & o] &8¢ SAungon 23 .55
g #F 9 Bo] color pigment (phycocyanine, phycoerythrine, allophycocyanin)
o ¥¥&4 % 84 chromophored] FFIHE =73t T BEAE vas
A,



wopo] ojsietd Aolel me FHUTFE AzEsye wistr] Asd F7A%R
wEok (154)e olged 4dg BAE 5 BANEYE pH, A4HF T 7
notgo] AolE EFE WA2E Bad 434214 cyanobacteria® A% &
of 4SAE ¢ AAIATE o] i 3t A o

walgFe EgU Ak, AMTH A e AEGA FF WFTHF T+ A) 2

Adax @ AQA FFE TAE AzAA 4 Agd ¥ A vasct

C AR AS R g oF 9

gpobar Alsiie felM 49 we] el FAL, FEE A gefol Al A
o] M@ HFE AEsd #79 e 271 R % v] 7 @ Z (heterocyst )
4% 1A, trichomed] EF g o], REael f¥)IE T RS A3
filamentous form¢l cyanobacteria 18% (Genus : Anabaena, Nostoc, Calothrix,
Sytonema, Cylindrosprum, Hepalosiphon) 2 ynicellular form cyanobacteria 2%
(Genus : Syneochoccus, Gleothece)& BAste] BA3A

azre] Ba@Fe] oA R A WAAMY 4% %5E calothrix spp7t 44
ol WA AA $FsAen &3 HC G057t o #Fug ¢4 A4 % & vher
JTh(E2). ¥ & cyanobacteria® deper Bzd % @i JgFANE 3
2nAEL AL 2% AR Je Fajol wste] F 5o A2E B
o uldo] QEHEEAN ggo| e AzHEAT

Cyanobacteriacll 9l & Aande %Y FE A& due o e Fo 3t
suge BE AAFE BE F gl& Hpyelr}k,  Cyanobacteria® Qo #7
wa 2@ stressol Aol A3k #g o] Fol vlFAE HIEY o g Ak
Ao AEsty wsEHA ol 75 Aol W & AAA ez oe vk
cyanobacteria?t A BHI B = Apg50] 2008 ha o] e =g v S3tA el
nase Ak B energyZt asde stg Jau B ANEE ZolW ZAAH



A Efot vl¥ol HTo] HE ¥ F& WE BP9 £AS A8 B
B ey MMddE B E%0 € Rer 4AHee Y BEge 2
Adte A3 A cyanobacteriad o] 8¢ AE MR AL ALHY FEH Q
T g0 AE LA dde] ¢tor FUd AR vdEd,
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SUMMARY

The high input of nitrogen fertilizers may cause water pollution and a
progressive loss of soil quality due to their harmful effect on soil
microorganisms. Most of ammonium containing fertilizers may contaminate the
ground water via nitrification could be responsible for the eutrophication of the
water flowing from the rice field into the drainage channels. The improvement of
soil use, by preserving and developing the natural ability of nitrogen fixing
organisms for biofertilization, would permit a reduction in the use of nitrogen
fertilizers and thus decrease water pollution.

The nitrogen fixing cyanobacteria form a prominent component of microbial

populations in rice paddy field where they significantly contribute to fertility as
natural biofertilizer. The potential advantage of symbiotic cyanobacteria is that
the major fertilizing product ammonia may be produced at a relatively low
financial cost and that prevent the loss of applied nitrogen fertilizer.
In this experiments, cyanobacteria having nitrogen fixing activity were isolated
from paddy soils to develop biofertilizers. Eighteen filamentous form and two
unicellular cyanobacteria were isolated and characterized their nitrogen fixing
activity, color pigments and chlorophyll contents.

The nitrogen and phosphorus contents ranged from 42 to 89 1g~-N/mg~DW cell
and from 4 to 24 u-P/mg-DW cell, respectively under the nitrogen-free growing
condition. After inoculation these cyanobacteria to paddy soils nitrogen fixing

activity was maintained for longer than two months in lab growing condition.



These results showed that application of cyanobacteria could increase soil
nitrogen content and contribute to reduce the dependency of agriculture on the

supply of chemical fertilizer and to develop other sustainable agricultural

practices.
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I.d3 A% 54 9@ 04

HEEE FFE RYAM wBY Fr oY oo EF YUy 2y,
FE FHY T2 W FA A o nayge 237 E Yok, B3] oga m
A% QA HiRY AL FAHE uE YRGS THAA - ¥ Au4q »
YFEG Aaro 29 2use AUE ANHdon AT, AT FIt9) e
Lo & XX o) §&9 Zue wet oz e FAEE 442 vl Azts
o, H29 28 2PN 5L Bodgy AuLe freel 2 & Udez xziyg
T At webA, vlge] gau Rgolu Al gd ga =&Y dPd daldg @
FRAY Y% N2EE Agso} st Al go) A ole ¥ Wl Ria e
Yo HME & nEg QAN waYG g MRS 7Y, a3 28 wge
HE8& 59 4 Ut EY Y29 AHHQ o] e MEe vl AYsin,

TIAEE o8 MA I PYE Auses e= Y3 ol FolA g}
1950d ) #HAloket FRPANM BEA QAE ZHERAE £ e v4E
(phosphobacteria)& ¥e#8te] Eako] Nalgw A Fge o4 €& FdAY
T AU, YF 10%9] g 78 Bk 1980\ o) penicillium bilgjis 9]
FFoI7t A% F5E FUANE Aoz wEAY, A3 gF ol urease® B
Histe mlBEE AYdoz Agste njyRYg g@ d7= HE3 Fegs=an
o, oka) 4§35} dAlde ojzx Ram Y.

Cyanobacteriats 2| 7oA 713 FY9jsta Bxsz 9= BYHE e
Y e Adold, HAY 29 G stress, JHE, ¥, A2 BRE ¥y, B
&, ke BE 454 A9M stressEY BHYo BAH 2EH2dME 4
Y £ Aga G SHANA 23 o) OJEZ| A A AAG AN 8
XSl Qlow, &% F3 Ev FF, AREWN T4 $74= EA8Y, gy
3800 Hgoe ¥ WolHL Ba Qu}.



Cyanobacteria® A & 4% ofuet 49 AuAe F2& ANE A&
A -7ColAM AR BCAANY exdME B & 8, EE nitrogenasedl o &
grlze An ngsde 2nU7] WEd JYE M FAT HAAE AA
& Q. AT AL oM AERY FAnPL HEE VA E 5, 7t
o] W wjd Cyanobacteriat d3t 3d5uWyt €9 ALE nA}A LT HE
o8 +&3HA AHgdh

A 23514 Cyanobacteriat X E¥U o4& w39 Fo8 749, 579
geugas du 2 okdy Aok wo EF HIZE §A R Fo| ¥EE o
g sx 53], Azolla-Anabaena F4€ &A EFAM 7t fud A2¥E A
A9 st Aol Be A7 £¥HAG. BH Cyanobacteriad & &
kg ko] Folpole wWazA WAsd EF HSdHd FAZ €4
CyanobacteriaZt Steuotsl & %¢ AL E &/ Polypeptide® F4A 4
A8 = T DAY AES U Ay B RAE T HAT o8
g 4 g7 WHEoAn, A g osta AgE FAE 4] L JET

19390] 22 Det YN Cyanobacteriat =olA TEHA F4 1A379
qee 5w, 7 AT o) AL = EFS v LA Fvzn RusAd. o
4 ®we A21A Cyanobacteriazt #lslol A4 uAd & B AAHES
7 AxAel BasHges, & AZEY e ALuE Qo] A ¥ AF F
AARE7LE HAEYE £ QA HUT g w AQu T7belA FEE
Cyanobacteria@ &&= Q£33 #AdN &% £ 7 A #F 2EE olHFY
e & Azgel, & g 48 FBch ABRY HEIZA A7) HHA
A A (100kg/ha) £+ A Z¥(10kg/ha) Cyanobacteriazt 2W7] ¥ 2¢8 & EF
of A= XA Cyanobacteriat Aetd M A& 2ASHA €t
Cyanobacteriazt 3+ 283 ugz 3 AH8SE A fertilissimas, Anabaena

sp., Nostoc sp., Calothrix sp., Scytonema sp, Cylindrospermum sp., Gloeotrichia
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sp.E E¥AAM BYHS Fo o] g} M Ay A2 A. fertilissimas
MEE HESY vaad Byge AHEET. T8 odz2M Eog A Ao
e A. fertilissimas® o8 oa W37 Cyanobacteria® T AL 5 o) 2 A
T E¥xdd Hedn gy 3245 TARAE %A "ok grugz
F€ Cyanobacteriad $+ e 443 WA Fotdc. AAzsigy dirnA
T E EYA AT 87 o Zdo @ Holg Yelun wmNg
P) A1 8%, EYpH, %, Y3 = EGelA 24 o gepa gopstsy U}
4o, Fi: 230 e Algow Cyanobacteria2 8 2y g A= Hel M3
o olg¢E€E ¥ F AUR Cyanobacteria’} A8k A9 40%= 60 o
A SEAN  c)gHe ez yYyyo, AELH wvgEN olgxe
Cyanobacteriazt x21g& oo} sietms ug 30kg ha'e Neg 2$ @ 49
FE ¥0a Bu Hol gon, gy e AEHEEZA Cyanobacteria) 2 7}
e WLBES B FelHW 20~30kg hale] oA MIEE #71 Aed A
¥ dETd A7E Jeudg, gwge 84U & ok YoM @R
TR EE RY Fo] rym Cyanobacteria &vl g+ W =3 HE,
Chlorophyll a $# %3 W $yge TANIE Aeg vagm g

¥ ¢4 FNE Azolla= Cyanobacterial Anabena sp.s} 34 EdY A
T, WY, golgat e Yol o SN AlE2A 9 AT gon
b3t ha? 100kg 448 F38ln QY= How deA A HGy Wy o@
FLE2HEH dryole Yy os U8l ®el £ut. FAHAHQ Cyanobacteria
g HEYEZAY o]Ye YKoz ve HEo2 448 4 e oy,
Cyanobacteria®l /@ A nge& Eopol FREALTFES T Ao auy
BN E AFEPNFE Y 4 gle #Helt. Cyanobacteriat: 2% 9| 87 !
S R stressoll WAo) Fatn Hggo] Fo} HEALE HEZ® o8 e YA
Aol BERH WEZM olgr%Ao me % MAdog o ey
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CyanobacteriaZt A28 82 AL45|o] 200% haol 4] =& HSsHA TEGT K
aH. AaE RE AEe A Wol aTie uddzen. wE
energy’t R3HE sgRALH B ASE Fold FAAY Adst clEo HI
of MEANE H&d BE 4URA ey Addx €2 280 € Aoz
A zh g},

agez B AgdMaE = EYdA daa Cyanobacteriad E2|ste] LA
& AraAy FFEE NYstn RFFe B4 M EeEFE HUT
o|ssta Eoke] WFae EFe] FAnF %o WEE FA8 Cyanobacteria®
Aeea vaaA ogste WHE =&1A AU

m-12
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O. d+712 4§ 2 349
cEYgozRE AANAHFo] Q& cyanobacteria® AWEly] 959 29 2 A7)
Age HSEY, FdEF ToAM ANEE AAFUT ZA2A unicellularst
filamentous cyanobacteria®4 % £ - Mg FF7 4 HAHNL S + Ye =
HEFEd 54& AL dadol A XFHA du e 7143 0
F9| minerale] £#Ho & WMAEYE BG-IE ¢i&3laqd. AFF A=
© Aade] A nAMAL =Ld F FPT 2HL o] 831 30TAA 4
A Mg 4AE colonys EFHIEES AFLH, o] AFL 5 A @
E3ldct. Add 759 F3L colonyd El, morphologics. &4, cell size, 4%
£E & Hade Py Fo= AEIFHC
cEdA £ 30099FY d2nAY B{FFE 24 Adsd FA5, aa
9 FA1AYE gas chromatography S ©]43t9 S u| w3t £ - 54
#5 ¢ Fo] color pigment (phycocyanine, phycoerythrine, allophycocyanin)2]
¥HF54 € 44 chromophore® §3IHE &Ase #F EAHE vz
4. Bl HEA7171 1@ 1EdTE A4 2 @29 R HAvEs AanA
o tXE= 9% g4t
- B9 - T3 AP Fol $4+& Cyanobacteria(filamentous, unicellular form)
o A R AAH RN BEKEEE FA}Y EF HFEA ASAHE 4=
dRov EF EF olge3 oo me RIAFFE e YL vads)
st A71AY = EF (157)9 olsdty AL EAsHY. FNEYF
pH, A4FAF R F71EFFo Hold EFE Uidezs Ry 434314
cyanobacteria® HFd o ASHE H A4L1H TS w2
R EFY EFHITF 4R € EY QA @) wE 5 Y5 FE
371 $13td A9 QA FEE HAFES 1~34(0.23mM, 0.46mM, 0.69mM)
2 Mgt FAHoz WA AAEHF WsE A FF9 A FFE
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Table 1. Physicochemical properties of paddy soil

EC OM POs K Ca Mg Na Si0z T-N
Location pH C/N
ms/cm g/kg ppm c.mol/kg ppm %
Suwon 56 057 22 50 03 76 38 026 238 0118 1053
Dacheung 50 034 19 8 014 24 07 02 38 0220 495
Bongjum 58 045 34 168 032 5 29 056 137 0324 607
Songtan 50 108 42 44 05 35 30 09 100 0328 757
Paltan 50 091 36 84 038 39 25 061 9% 0212 993
Jangan 54 097 29 102 036 39 18 062 49 0301 56
Ansung-1 50 062 33 106 017 42 12 022 45
Joam-1 52 051 28 32 018 37 L1 035 73 01%5 835
Jeongan 53 040 19 56 025 38 11 017 43 0160 707
Ansung-2 54 034 33 117 01 39 10 012 5 020 698
Joam-2 52 034 47 46 003 51 14 012 56 0263 1045
Jeongnam-1 61 045 29 72 019 34 09 017 54 0245 698
Ansung-3 55 153 39 42 038 62 46 121 142 0238 944
Joam-3 55 227 39 32 039 66 45 18 18 0275 831
Jeongnam-2 51 142 33 19 028 51 36 099 97 01% 968
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m. A775% d3 2 &84 da 19

CoE A B2 RE Yol A9 ol wE FAL FEh JETEAM 4
go] JtEE FFEF Adste 59 g A R Av] 7 % F(heterocyst ]
%, 9K, trichomes] 2% R do], A9 FF)& o TAY AR
filamentous forme| cyanobacteria 18% (Genus : Anabaena, Nostoc, Calothrix,
Sytonema, Cylindrosprum, Hepalosiphon) % unicellular form cyanobacteria 2
% (Genus : Syneochoccus, Gleothece)& A&t 2tz ® 29 &) WD A
.

-BGol wWANAN AAELEN wWE 8% & dF(Hepalosiphon SHIOL,
Calothrix SC401, Cylindrosprum SY101, Sytonema SS101, Anabaena SA301,
SA201, Nostoc SN 501, SN 401)¢] 71} 4 nAY & H% A3 23
& 38~22.4 n - mol CeHe/mg - chl a/H2l ¥l AWl Hepalosiphone SH
101, Anabaena SA 301, Anabaena 201 R Nostoc SN 4018 Ha: 317%% ¥ 0l
43t (2" 1.

- Cyanobacteria®] ¥ 2 color pigmentd! Phycocyanine, Allophycocyanin %
Phycoerythrine® A 3@ 2% 2tzte] Genus ¥ Straindl = & Xol& u&
Ao FEe QEietd aolsh i ztze] 2)FFst pigment ¥F R FF
gazd 2 3o #Hol7t Ue&¢ uehdch. Phycocyanine ¥ 12~99
mg/ml celle FFo| wel & xol& Yehli N2 Anabaena SA 301 R SA
901¢] MU Phycocyanine® ##Fel 80 mg/ml cell2 2A “ERTHIAY 4).
Allophycocyanine®) %€ 12~33 mg/ml cell2 et 2™ Sytonena SS5101
3 Nostoc SN 4010} 30 mg/ml cell ©]’¢°]RAH2d 5). Phycocyanine g2
Nostoc SN 501°] 90 mg/ml cells ¢ E%too 7lek TFE 40 mg/ml cell
2 ye Aoz Yt (2d 6).
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Table 2. List of cyanobacteria isolated from rice field.

Genus Strain

Anabaena SA101, SA201, SA301, SA401, SA501

Nostoc SN101, SN201, SN301, SN401, SN501
. . Calothrix SC101, SC201, SC301, SC401, SC501
filamentous cyanobacteria

Sytonema 38101

Cylindrosprum SY101

Hepalosiphon SH101

Syneochccus MS101
unicellular cyanobacteria

Gleothece MG101

m-17
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Hepalosiphon SH101
Calothrix SC401
Cylindrosprum SY101
Sytonema 58101
Anabaena SA301
Anabaena SA201

Nostoc SN501

Nostoc SN 401

0o s 10 s 20 % 2 3%
Nitrogen fixation activity (n mole C;H,/mg chl.a/H

Fig. 1 Comparison of nitrogen fixation activity of cyanobacteria
isolated from rice field. Small bar represents standard
deviation (n=3).
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Absorbance

Absorbance

0.8

Nostoc SN40? Nostac SNSO1
06 | &
0.4 | \
/\
0.2 | P \ A\
\
& \& s A \
S— = - N
0.0 ) 1 — f L _J S —r e e
05 T S e e e e e
| Anabaena SA2071 Anabaena SA301? )
0.4 | 7
0.3 \ /
i \ '
0.2
0.1 — \\ 4
- . m""//
0.0 e, | 1 1 il { PESESNSSEI | i I—| —r _.:l“...-.-.'.-___
400 500 600 700 400 500 600 700

Wavelength (nm)

Fig. 2 Absorption spectra of the phycobiliproteins extracted
from Nostoc SN401, Nostoc SN501, Anabaena SA201,
Anabaena SA301.
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o 39 U3 SR x(Yn)) AEaT
E AFE 9. 11~'00. 496 BA FLAA A¥L AAGG FAE
& AIYEZA 3}8x HAL pH 76, 4715 12 g kg™, FEAA 34

Absorbance

Oxs - A e A= S ke i S i —— I X 0‘4
Sytonema SS101 Cylindrosprum SC107
0.4
L 7\ 0.3
303 /
c
8 / 0.2
8 0.2 / ey
a
< ™ 1 \
\ / \, 0.1
5 \l "n__'__‘-_—/,' \
0‘0 L 1o YR | [ L ) L L [ L L el 00
0.4 S - - — e —— TR RE T e TS 0.16
Calothrix SC401 / Hapalosiphon SH101
03 0.12
0.2 N 0.08
|' \ \\ f\
01 | % N 0.04
'~._\__\___// .
0.0 = R s e ot e ] I I T — e T _~_| 0.00
400 500 600 700 400 500 600 700

Wavelength (nm)

Fig. 3 Absorption spectra of the phycobiliproteins extracted
from Sytonema SS8101, Cylindrosprum SC101, Calothrix SC401,

Hapalosiphon SH101.
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Hepalosiphon SH101
Calothrix SC40171
Cylindrosprum SY101

Sytonema SS1071

Anabaena SA301

Anabaena SA201
Nostoc SN501
Nostoc SN 401

Phycocyanine (mg/mi cell)

Fig. 4 Comparison of phycocyanine content of
cyanobacteria isolated from rice field. Small bar

represents standard deviation (n=3).
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Hepalosiphon SH101
Calothrix SC401
Cylindrosprum SY101
Sytonema SS101
Anabaena SA301
Anabaena SA2071
Nostoc SN501

Nostoc SN 401

0 10 20 30 40 50

Allophyrocyanine (mg/ml cell)

Fig. 5 Comparison of allophycocyanine content of cyanobacteria
isolated from rice field. Small bar represents standard deviation
(n=3).
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Hepalosiphon SH101
Calothrix SC401
Cylindrosprum SY101
Sytonema SS101
Anabaena SA301
Anabaena SA201
Nostoc SN501
Nostoc SN 401

60

e, [

80 100 120

Phycoerythrin (mg/ml cell)

Fig. 6 Comparison of phycoerythrin content of cyanobacteria
isolated from rice field. Small bar represents standard deviation

(n=3).
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. zbzre] al@FF ¢ chlorophyll a %€ 2~115 mg/ml - celle] TEFT ¥ el
glgon ol 3 zAd Holrt AL A2 AZAEHW FFAH FHIE #™
o] & Ao AZAG.(2d™ 7).
s ALY Yol $48 Nostoc SN 4013 Anabaena SA2019) A HA @igo]
A% A0 Z/484E Glucose?t Sucrosett Aol ew Fix
A Z7tgel wet A2HEE F7sATHE 8) EddE U dadol
ZAsoz BYAY ST FHe B9 E&YoZ AFU0E A8 R A
LA E e E%o] € Aot
. Nostoc SN 4017 Anabaena SA201¢] A&A AiYUel Ag F dLuAH9
Wele 19y 99 ok EYol XA 24A17 el iAol 100% A
worol Ajgo] Zzhste] wiAel Fagel £ARE F FLnPHE 4% F
Astel WET $£2 wE 1 o4z Frstel(d 9) EY Ader
ZRA49 oo BAYe] A L A2uAFE FAN 72T Y AR AEHA
. ddE Fa@AGeY Ry}l o] &)t APE B $, dvtS filamentous
Nyil%d cyanobacteriat= A2, Ae, Asdozy y|sde2 Quk A ES}
t}& Eo|g 4 E(heterocyst)® WETh Heterocyst® 714 danAel Ao
e $9% A20)n  vegetative cell} ME E=EE FH 43I
Heterocysts® FALPo2 A48 AL 2dE vegetative cellf 22 W KL
1, energy sourcedl ©4UE FTFEETh vegetative cello] heterocyst®
#8tx #3o|Al membraned] FE7F Waw AR AEHE HLe FAYE
2qQ 24 9= 7x=z Wit ¥oh Heterocystsel phycocyanineol 25l 9l
2@ o] AEEo] photosystem ¢ $Fo2 Mi g HAA R e v
e ol MATA EAQ nitrogenased] REO] ko o AAHE R
= Roz aaA vl Heterocyst?] 59 & HA& Aa7 HEsHE
5719 @At Rol sl W4 Y energyd g3t A& LPE ¥ 7 3l

) 3
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Hepalosiphon SH101
Calothrix SC401

Cylindrosprum Sy101

Sytonema 8$5101
Anabaena SA301
Anabaena SA201

Nostoe SN501

Nostoc SN 401

— ey —e e e ) —l —t——e e

0 2 4 6 8 10 12 i 16
Chiorophyll a (mg/mi cell)

Fig. 7 Comparison of chlorophyll a content of Cyanobacteria
isolated from rice field. Small bar represents standard deviation
(n=3).
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Fig. 8 Effect of carbon sources on nitrogenase activity of
Nostoc SN401 and Anabaena SA201 isolated from rice field.
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(NH,),80, NaNoO,

¥ 100 L— 1 100
&
2
5 80 &~ 4mM-N 80
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Fig. 9 Effect of nitrogen sources on nitrogenase activity
of Nostoc SN401 and Anabaena SA201 isolated from rice
field .
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A 5ol U Aolg, FETHE heterocysts®] 53 -& nitrogenase¥ A & o A
s AW NH 2 248 $x8t7) dstd A9 NH, E838 AAE 7t
i e Holp, Frizie FFHdel AFHE W WE cyanobacteriae
nitrogenase®-§ H4E M4 AL P& ¢ & AU

. zbzbe] Bal#Fe o M % A wjAolMe ME FEE calothrix spp’t 4%
o] Mixle|lA $SFgon &3 HC 6057 & #FRv 48 A5E e
W A TH(E2),

g wayg A3 10, 1DQ4 =7 obAd wit AdFs e @
Aou ASEEE 4% F 2097 9% €A ol EFIMN vEE TA
Ao & Pge vAA ¥ R AR e ¥EIF & EFAA
= @A QAR Eo] wjG & Ao AGHUY. TA Bx R M4k
e (2Y 12, 139 JdehdAd. A4 FHS 0.42~0.89%H 9] o
RE-70] 743 & A48 #Fsta AJen Ao Ay HF 10u-P/mg
-DW ¥ %& el HN 6010 235ug-P/mg-DW= 7p3 & Udi& B
freba Aot

CR AP ALY AZANY ' Y ol dde (E DIl vEeH
o] Eokg ZA oz AAnAF $4¥ FTFE FTod EYT 2147
de 2AHYHE 3~8)8 2ok B# @ cyanobacteriat GFE EFEU R
Gao A ME danAEe AL 248n Adew g A HE
o nEEe AAE BEgel wFo) YRuEA Fgo] sheatd 44
o}

- Cyanobacteria®l] 9% 2AnAL E¥9 F& A& $FE v A& &9 ¢
ol A2 A4S Y 4 A& By¥elt Cyanobacteria: €% #73
Wl © stressol] WAool B HgHol Fol HFAE HED A BE A
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Table 2. Comparison of Cyanoba:

terial growth in liquid and solid medium.

Genus Strain liquid medium solid medium

Anabaena HA 101 4+ o
HA 205 + *

HA 301 ++ + 4
HA 401 +++ +

HA 701 +

Nostoc HN 101 4+ 4
HN 206 ++ +
HN 301 +

HN 601 + 4t

HN 701 -+
Calothrix HC 101 4+ +
HC 201 4t +
HC 301 +4+ +

HC 605 bt o+

HC CH3 ++ 44+

Sytonema HS 101 +++ ++
Cylindrosprum HY 101 + +
Hepalosiphon HH 101 4t +
Syneochoccus RF-7 +++ 4
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Fig. 11 Effect of initial phosphorus content on
cyanobacterial (Nostoc HN601 and HN 701) growth.
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Anabaena HA 101
Anabaena HA 205
Anabaena HA 301
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Anabagna HA 401
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Fig. 12 Comparison of total nitrogen content in cyanobacteria
isolated from paddy soil.
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Angbasna HA 101
Anabaena MA 205
Anabasna HA 301
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Fig. 13 Comparison of total phosphorus content in

cyanobacteria isolated from paddy soil.
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