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7}, Cellulose #3852
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== 3x 35+ 02 x 10° ~ 1.8+ O7X107cfug1dwt4
“ZFOHH tﬂ-@ra'%]\ﬂ, o5 7} AdgrizkER AHrE 2011Y 8994 = 35 £ 02 x
, | = 18+O7X107cfug1dwt§b‘r
EM, 2011 10%0 AG7F 2011 8L SAHE wASFRTE oF 199 A= =A U
123743

(2) Cellulose 3+ #g

A CCY EY ¥ AYdzxE245E Eod #AE FolA] chitin/cellulose 3 w1 A
25 Adsy] s #4 Bl 02 colloidal chitine] X£3FE  chitin B A o] A

o
= i S Al cellulose® sl s o] Holyd 6719

chitin/celluloseS 3l

g e

(3) Cellulose #3i5 =4

671 F S Pseudomonas fluorescens?t 7} ?—ES RS Ba, I gees
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v EgE EaldT A
(1) 79 &2 o] ==A
BIOLOG®l| ¢+ gio] 8% =4 Ay Ay 6dTE° EF o&ste 7[HAE+e

D-cellobiose, D-Fructose, D-Galactose, D-Mannose, D-Melibiose, D-Psicose,
Gentiobiose, Lactulose, L-Arabinose, L-Fucose, Turanose, a-D-Glucose, a-D-lactose=
yElsth a8l 80% o] ol8¥  71d2  3-Methyl-D-Gluscose, Dextrin,
D-Fructose-6-Phosphate, D-Galacturonic Acid, D-Glucose-6-Phosphate, D-Ribose,
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Palatinose & }E}}

wgoltel ek FadAd A}

H 9 chitin/cellulose F3llvtTE2 WA o7/ (fungd)oll st g A
3 AR AVgd WU AAM HFF  Rhizoctonia solani, Phytophthora
capsici, Fusarium oxysporum®| W3ste] 25 &S UEelll 5+ Paenibacillus
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)
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o

2
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(3) 16S rDNAE 7| E 45
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=
=
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At

(1) cellulase &7
cellulose®] #3]&7d-2 v A2 4971

7ttt} 7F o] 2 F43 @A
(2) chitinase &4

chitinase &2 5YA7IA] HapH oz F7tstthr ol & Hz Ao
=3

(3) B-1,3-glucanase &4

B-1,3-glucanase &+

g 3QARA AAS FAET 59l Axel BYL ek
F 6AANA AN Fae F 796l 723 s

(4) protease A

protease =4

o AAE Frkakebrt 59§74
o #4YL thehul .

5] S7Fste] 8d Aol FHar

U A s Rl
(1) TLC chromatogram 2 ¥}

TLC¢ HPLC Z=ZwtE1#
Skl & .

goldy KWN382 auxini e [AAS HH|gle= Ao
(2) HPLC chromatogram 2 3}

HPLC A ZvtE1dS F3lo] [AA

AT EdY KWN3S FE5E9 pete]l 25 162

o2 FA45o] KWN380| auxini9 =45 Aitehes o= s A.

o Aol datel gigh dAF gty W EzF AE)E AL
(1) KWN383} ufjgkefol o] gl Al 1}

KWN38¥ 2= #3209 platedol e tixjujg 23 md= JF v o
AH@)et 7154 PAE HE A FA D) Ess vy A BAdA w30 3F
FOEF AAE HE vdd dANa)d] EES BRI bke 71eAd rAdE JE A
TAHD)Y] EFS g Eo 55 it

(2) a4 FEEF o3 #AF 99
KWN38% H&F3sk & 747 vitsle] Ammonium sulfate(80%)Z &4E FE3 £
50mM sodium phosphate buffer(pH 7)= o] ®HAA FFolo A g|dle] o] 2|3k
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(3) butanol F=%E9 2 'J } 3} 7
KWN38& HE 5 7941 vjgdsto] butanol(BtOH)E =4S sk &
sFolo Aelete] FA=H Oﬂ olgt WA HFol wAF By AHRE S A9, =T
o Wl wFol wA= T A &2 Hl3] butanol(500ppm) FEES A2 d Al

Fo FAbE s E A

(4) KWN38% uj eyl o3k Za}p A3

71540 A= (KWN3R)ol 2sk HAA F33o] xx A3 s8S A 235 B4
R. solani AG-1 (TA)°] A g3t 231 x4 A o2 Sclerotium(F )L A3 =
& F

gl vla]l KWN38 vjeked 2] ¢ Sclerotium(3F )& oty WA Hoko] A F
oxysporum®t P. capsici © #83 A3} RFoAE EA7F oty =4 Hl& KWN38
Hj okl Aol A= EZAF o] oA E ST

(5) X8 FEE g3 2 A

KWN38ES H%E & 797 ®i%ste] Ammonium sulfate(80%) =

T4hE FEU F
50mM sodium phosphate buffer(pH7)= =o] WAl FFolo A glsle] ghol 93 H
A FwFol 22 A3 v8HS ST A% x5 A HAA w3l = I
H = vl KWN38S &4 1000ug/mls A eh AldTe] Eah= FAd A At

(6) butanol F=% <] xx} A 3|
KWN38& HEe & 797 widste] butanol2 FAEADS FE3 & HAdA F30]
of Hgate] FAEA o WA FFo] T A3 vHS 4 A9 x99 W
QA FFo] ¥ A= FAH = Bl butanol FEE(2503 500ppm)S A2 d Al g o
XA AL gA A

. 82 (chitinase) 2] 2 A A
(1) ¥l A5 A2 chitinase &4
0.01% glycol chitin®] #7}¥ SDS-PAGE running gelol Paenibacillus ehimensis
KWN389] HjSd5d Al5E Fi A7Y9s5S 3 % 1% Triton X-1002 1% skim
milk7}F £3E 100mM sodium acetate buffer (pH 5.0) €+EH ol 2417+ gl v}, wh
<8 =89 1% Triton X—lOOO] X3t 100mM sodium acetate buffer (pH 5.0)°l A
24X 7F k& AJZTh WEE & 0.01% Calcofluor white M2R Ao 2 JAste] 7|6 i
Aqasr G448 g2 s A 23 35 50, 82, 107 ¥ 138 kDa =9 ¥A#HS 7}
71 chitinase® Paenibacillus ehimensis KWN380] AAbehe- ok 4= 19}
(2) DEAE-Sepharose column chromatography 2 3}
80% ammonium sulfate® E3dFo] I 234 NS DEAE-sepharose Z o] NaCls
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SEA T ZE B39 chitinase

(3) Sephadex G-100 column chromatography 2 ¥}

DEAE-sepharose A% A ZutEgye] A4S =43 5 3|43 &3S Sephadex
G-100 ZAHdl Loadingste] £=3dt. & 5 343 EFS dad Az g
chitinase FA S A3t = E B39 chitinase 4 & A3 5 Ao =& 9=

=
282 85l FHAA

(4) CM-Sephadex C-50 column chromatography 2 ¥}
CM-Sephadex C-50 column chromatography S A3 & g hsAo] 714 743k 23

$5F F pH, &%, F5ol 29 GF thatel 2t

o

(5) chitinase A L°F
2% CM-Sephadex C50 #¥ ZzulEagm2 g & §& 143E % (specific
activity)= 12.9 Unit/mgol Sl 3, 4 21w & (Purification folds)E 12.34% L}ERRtT},

(6) AA¥ chitinase 54 ZAF
AAE ZEAG4H #9)9 FFoleo W 5SS FAe7] 913 10mMe] CaCly,
Cocly, CuSO4 EDTA, FeCls, HgCl,, KCl, MgCl, ¥ MnCl, 5= A3t & ZAAY &
T w5 o2 ATl AHEstA Ze FAETF Rup @] YrolATh o] F A
MnCls, MgCly % HgClell A Z+2F 86%, 91%<F 100%2] &4 oA Aol ZALE AT

715 v B & (Paenibacillus ehimensis KWN38)S 5 &oF vjksl &
2](8000 rpm, 20 min at 4°C)3}¢] ButanolS ©|&3te] F=35th 9]
=S 5598t P. capsici, R. solani 2 F. oxysporum °l talo] &t
¥ gy A4S HQ Butanol FEES A 1AW RE 2
Sephadex LH20 column chromatographyE ©| &3] & &E2 & AA S 5 HPLCE o] &

3l AAld =245 85l NMRe< ©]&3to] Al

it}
it
i
ftlo
offt
oX,
ftlo
L
>,
ol
2
i)

(2) methyl palmitateo] ¢]3+ 3}++ Al
Paper disc® < ©]83 methyl palmitate®] Rhizoctonia solani AG-1(IA)ol th 3k
3ot B4 2AE 7ZH7) methyl palmitate 0, 1, 2, 4, 8, 16, 32 mg ml! ¥E 2 A A&t}

3. 7154 vAE EA A (Streptomyces griseus H7602)

7h &4 B g FAE

(1) Lipase and Protease ®H] % dr&A A}
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Lipase @ ProteaseZ A2} o},

(2) Phytophthora capsici 7¥AFA] o]-& A A}
Streptomyces griseus H76022] Phytophthora capsici 1AM o] & 7154 ZAFE 95
o Phytophthora capsiciS PDBuJA| o 7] & 3 AFAE Eo}A chitinase ¥ glucanase
SAS 797 7z =4 Y. 2AFE Y Streptomyces griseus H1602% Phytophthora
capsici TAHAE AdUA Lo mA o] &7ls ki, 714l dAMAY] sX7F Ao R

A chitinase ¥ glucanase?] &Alo] THAFHA = Aoz ALFEFH AT

(3) Mt ds Ay FadA
Streptomyces griseus H7602 v ¥ A5 Noll @ AZX Phytophthora capsici®] TAE A8
Aot A] FatAA R, Hatr ol AR P. capsici®l wAME B Aoz A

v FAEZE AA
(1) ethyl acetate F&E 2| 314
Zyzyo] WA Fgolo] tiste] AAELS P capsicl 74.34%, F. oxysporum 74.99%,
R. solani 49.63% 2 ZA}E Sl Th

(2) FA=4 9 2 AA
| A 5 (Streptomyces griseus H7602) vl 12LE JAIF] 3 T ofEolAH ol E
12L2 BAEHLAES FE3AT oEolMHOE FE2 A2 2355 2g8 silica gel 2
g ARvEIYIE o] 8] AHA It o] 54 80:20 (Etyl acetate:Methanol) &% #
oA FHFAHEZD 647 mgs A, o] ODS Ay A=RwEIHI | Hgaf A
AAZS A AT o] 54 60:40 (Distilled water:Methanol) &% F oA A EA
292 mgS AN, o]5 Sephadex LH-20 A7 ZZvlE gy A& tpr] AAE A
Alstsich. Zbzhe] &3S tmlY dAal, Fddd S 1/\}3} T 248 H 29 oA
Thin layer chromatography (TLC)E 2 A3ttt TLC & + S
I A FALE o] GA S Holx: 54 25mge HPLCE &

=-=_Y‘i

(3) 1H-pyrrole-2-carboxylic acid 33t &4
2 AAY 'H-pyrrole-2-carboxylic acidZ P. capsici Al 200 ppm S =& A ¢
st At FAE T v&] wAZE 3 Hojxl Ao #E H Sl

ortality Z=A}

T F2AE] Bl AARS (root mortality)S A7 918 WY (Phytophthora capsici
zoospore) 7 AFHH 1247bA 4 st 2AMA 3 GC+H7062 A= +-7F 7V o
ot o1 Fungicide, GC media, Control =28 ZALE AT A3z o2 GC+H70627F 2
AAFE A sk A 23U s o R AR EAT
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C+H7062¢} Control ¥ GC mediazte] ¥ AZtE9] xol= ti=f 2% H &=
Aol7k A= Ao ZAH AT AWH o2 GC+HT0627F Fungicide®t A4 ko] 7}
PedEs ) BAS A= 2t Sl AR AREIA

o
=
D

et A5 A 2 dEF A

AFAE 7] FA= WA (Phytophthora capsici zoospore) 7 2158 12U 7k
A &4 stAth 12940 7] WA TS e AT 5 GCrH7062 A& +7F 7HdES
sW¥vtolygt A4 Folde Btk

(4) 9 9] chitinase and glucanase &4 ZA}
AFZAEA o] WA &4 chitinase 842 GC medias A 93 v x A
gl ol A 27| ZFAFE 124774 S7Fsk At

() 4

O_u

Bl 9] chitinase and glucanase &4 ZA}F
AFAEA] oA o] WaWAl g 49l chitinase €442 %7
< Azt & Ws Wshrh gllew, GC+H70625 A€
o] o] golxtrt 129 A0 7] FHAART A e

YR 3R @

| #
U Al A g el A 3L A

ri'ﬂ

(6) =% U chitinase and glucanase A ZA}
E oMo WHalhAl 249 chitinase @42 %27] Z95FH 6dA7IA e AT
g WEEs shHow, RE Aol 12946 7] FAART e A4S
LA )

A 2Hd AxvBE SFA] g AT
L Az AE Sgdn] Az A7
7h BR(FS8HA] 28 BSdEs o8 Axvds EF98] Alx 2 29
(1) AWz cellulase &gl wE v =4 e
=

cellulase &Ao] 74 =& T5 AT Ao HEFEo= nEg A(Eg B, ofd),

JRR Y Aoty 2ue 7 AepEz o Fe b2 2ol AT PAT A
EMAEEFNE 25 4GS FIHAT

(2) WA= & Fas F2E Fad A}
R. solani AG-1(IA), P. capsici,F. oxysporum & ™%
Z7 C(butanoDell H]&] AxnAAEEFAH o Febe
#o) FA7 6 ADA Zahednh



A= Atz A Zol7b yEhA k)

o

ofp
TR

3 7k Aol TAAS AFA¢l IAM(Idole-3-acetamide)S A% 4]

& 4

g

A

ﬂo
N
o
i%e)
it
N

mK

i

el ut

(5) WA=

o

ojp

(1) vl z=A o W& cellulase &4 FAF

A3 T5x g
g

s

o o)

¢}
247

| =9kom T59 cellulase

2 Az
Ao v

o
o] T4<]

1=
O]: RN
3

[e]
T B

o

=
)

!

X
_zﬁ

R. solani AG-1(IA), P. capsiciF. oxysporum

Z C(butanol)el H]

o #AL o AeA Ea.

JS =A% A3 chitinase &4 S 72+ A8 T

A Ao Aol U

o] Aef n

w3

fi, B-1,3-glucanase &4

o}o
TS M

Holxl

=
=

of & Aol

oo} 59 ol el

J|

Z=
P

A

3

2 5LAA A et &

s}
T5-e, T4-a g9 240l H43]

ko™ protease?

0} o
=)

A]

bl o,

7}3

=
[}

)
3
;IVVI
T
o
0

A

o] &3}

£ HPLC=

Feln) o] 1AA

o},

o}
%

or
=

3} A

12l 7oA TAAS B4

%

ﬂo
N
o
1o
it
N

mK

g

l|N

of ut

"0

N

A

(5) HjA

T4%} ToHe] =}

of w

o slol 2t ATl 2 Aol

6) &5 cellulase &4 A+

ol

274

cellulase
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R. solani AG-1(IA), P. capsiciF. oxysporums Ao & a8 S =A3 A3 7]

sANAES JF8A ¥ controlel HlE] 7] AP A= (KWN38)& HEF A 2] A
GBS Hoon 53] AN ES HEst] 3004 mgE Aol A woie
FHgA S Bv

8) &xd [AA =4
2%o) mE JAA A 955 HPLCE ©]&314
AR sEA] eEkT

u|\
o2
o
i
A=
[
it

A el M TAAS

e R 9 yxhise =4

exo WE Az RS A A 7|5ATAAEKWNIR)S HEste] 300 A
wjoksl el tol A b e frEEES ®ol 3004 wjdate Aol Az R
Zmo| A F3Z o]t Ay Ak

AR R AxETH AHE A
(1) =z A8 47t
7154 AE(KWNSS)S o83 AP 78 YxvAE dAu] Az Slo] F=
ZzA9 dns &S Hluste] B Axk b Az ¢lo] Anoxic AEHS] H&EEA B

o 3ol ¥ =2 &2&S YEHAY. webA

(2) A x4 HH3 H7t
3

) s71Fd=F A 43 7}

7153 n A E(KWN38)& o83 A4 1 AxuAdE EFA] Az o] &7
TFAFS 202 7 A APelE dxp C/NH| Tol 712 o) §8& Wals g 3X
kot F7Fd % 04L/min-L ool A F71% Skl wEl duje] &3t o] FUhE
of WkEEa g WolA F ¢ U2 Z23E vl Zo=z ddEh A duje &3
2 S a g oA 7S ES o] &5 AP R AxuAE TFAN] Az FH
A F7FYES A4 04L/min- Lol A Hd 0.8L/min-Lo.2 FJslofor & Zoz Hd
Zt,

4) MA=FAF A3t F7t
=

7158 A E(KWN3R) S o83 A4 7= Axvdes &EddH Az Sl 7ls
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4. BxuAAE E3dn] A]gol wE XY o AS F HI|E Hr)
7h EENA A E zhr] A&
(1) AB&2AF

Az S &3 A4 A& e FAY I ASF A Ay HdA
(Rhizoctonia solani AG-1) F& % 6044 & FAl= WP A&7t 718 =4 =
ARk SP A Feke] fFoAde ek Te o Zol= WP AU 7 =
Atk ole AnE FF E w ] Kol dojA WP AT =, A3
Au) o] AME = AFEIS W JHo AFo] F& ASE YEyTh

S
ok
to
Az
o
N
)

j
o WA FZol(Rhizoctonia solani AG-1 TA) BZ ¥ 60
Al A 7H =A e AR, AASANA] SP A2

A

st Felde Atk AR ow grle QYR A3} AR Agol viske] WP A
97 Z @43 20 gule] ARz ASAS W wre] Afe] T Ao vy
o e W AAg A AR BE AT folde] teA el

Wz AR EFGE Agel mE 2] A4 F A% 24 A% Az VAT EF o
H] AT A A F NEe) MY ke Ao ARNUG

v XA A 2o S 9 W 3|5 P}
(1) AS=A

Az mAAE &3 d4u] A& mE FAY Jo] AS A A3 A 2694 A 4HF
FA(E FADAA = AAFT 2 AAFAA HFHe Fofdel YebA gkt 3§14
T ZAF BHAA N E GP A oA 7HE = AN ATy AATES B o
Het Aog TFE B oo do Sl oA GP AT F, AxuAAE EFAN] A
Z7F SAY 3 ASe] 7P AR o2 R o= ARuAAEEF AN A
ZA A Eo] AAag AR 9% g o7 AR E Q)

_

o

| Ael7F YA FF o) (Rhizoctonia solani
27 A= AR AR H ST

(3) Brown patcholl 3 HAd+H =
27 Ad ez RY WA

[‘-111 o,

g5 st AP wige $ 18S rRNA®A S
23] 5AH3 A Rhizoctonia solani AG-1 TAZ 574 %A}

A3 A AxnAdEs TFAR] Algol mE BEFIEFETL

-
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A A

7h EECA g WAl % At

.y

5
(1) Ao 24
A 1 (G): x9N (Grass media)
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SUMMARY

For making mixed liquid fertilizer, antagonistic strain was isolated from soil and was
identified as Paenibacillus ehimensis KWN38 (NCBI accession number: JN050969) based on
the 16S rRNA sequence analysis. Anther strain was also isolated and identified as
Streptomyces griseus H7602 (NCBI accession number: JN827310) which produced antifungal
compound, 1H-pyrrole-2-carboxylic acid identified by instrumental analysis. Decomposition
efficiency of grass in culture medium was higher by P. ehimensis KWN38 inoculation in
compared to non-inoculated ones using measurement of organic matter content. Chitinase,
B-1,3-glucanase and cellulase activities produced by P. ehimensis KWN38 were the highest
at b, 8 and 4 days, respectively. Production of IAA by P. ehimensis KWN38 was
confirmed by TLC and HPLC when tryptophan was added to the grass medium. 34 kDa of
chitinase and methyl pamitate showing antifungal activity were purified and identified from
P. ehimensis KWN38. P. ehimensis KWN38 showed antifungal activity against Fhizoctonia
solam AG-1, R. solani AG-2-2 and Pythium aphanidermatum. Best composition of media
was decided as grass 17.8 96, Sodium Molybdate 0.005 96, Zinc sulfate 0.006 26, Chitin
powder 0.08 96, and Gelatin powder 0.02 %. Various enzyme activities were not having a
gap, antifungal activity and grass decomposition efficiency were the highest at 30, and no
production of TAA was found in treatments exposed to different temperatures. In addition,
no change of nutrient characteristic by treatment of temperature was observed. Crude
enzyme (1000ug/mL) and butanol(500ppm) extracted from P. ehimensis KWN38 destroyed
hyphae of plant fungal pathogens, and inhibited spore germinations. In pot experiments for
both pepper and tomato, plant growth by treatment of mixed liquid fertilizer was higher
than treatment of fertilizer and only media, while root mortality was lower than treatment
of fertilizer and only media. In addition, chitinase and glucanase activities in soil and root
of the pepper experiment were the highest in mixed liquid fertilizer. In tomato experiment,
however, the peroxidase and polyphenol oxidase activities of leaf and root were the highest
in only medium treatment. In greenhouse experiments for both pepper and tomato, plant
growth by treatment of mixed liquid fertilizer was no different to all treatments, while
disease control was higher than treatment of fertilizer and only media. Soil chitinase and
glucanase activities were not different in all treatments. But, cellulase and dehydrogenase
activities were slightly different among treatments. For soil microbial community, population
of bacteria and fungi increased at 30, 60 and 90 days of treatments, but no increase of
actinomycetes.

To investigate the growth of bentgrass, it was treated with winter grass medium (W),
W plus P. ehimensis KWN38 inoculation (WP), summer grass medium (S), S plus P.
ehimensis KWN38 inoculation (SP), Fertilizer (F), and F plus fungicide (FF). As results,
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the leaves of bentgrass in all control treatments (W, S and F) showed high levels of
infection, with significantly higher values than those of WP, SP and FF. The leaf fresh
and dry weights of bentgrass treated with P. ehimensis KWN38 were all greater than the
control treatments W, S and F. Similarly, both fresh and dry weights of the roots and the
chlorophyll contents of bentgrass in WP and SP were significantly higher than those of W,
S, F and FF. Moreover, bentgrass treated with P. ehimensis KWN38 grew faster and
showed greater growth performance compared to the other treatments in the second pot
trial with infected bentgrass. Another field experiment was also conducted on Kentucky
blue grass lawn by treating with W, WP, F and FF. The leaf and root weights of grass
treated with P. ehimensis KWN38 was also consistently higher compared to the control
treatments.

This study was conducted for evaluation of mixed liquid fertilizer (MLF) as nitrogen

supplier. First year, to assess fertilizer value of an quasi—aerobically fermented liquid
clipped—-grass fertilizer, aerobic incubation experiment using two texturally contrasting
loam (L) and sandy loam (SL) soils was conducted for 60 days to investigate temporal
variations in N mineralization pattern of the liquid fertilizer applied. To do so,
variation patterns in concentration of inorganic nitrogen were analyzed from mixed
liquid fertilizer during aerobic incubation.
In the second year, this study was conducted to evaluate the effect of mixed liquid
fertilizer on some growth responses of plants and soil chemical properties. To do so,
a pot experiment with pepper and tomato using loam soil was conducted for 81 days
in a temperature—controlled glasshouse, and four N fertilization treatments were laid
out in a completely randomized design with three replicate: control, chemical fertilizer,
two rates of MLF treatment. Soil were periodically sampled and analyzed for pH, EC,
total N, inorganic N and total C, and some growth characteristics of pepper and
tomato were measured. This result conclude that application of MLF as nitrogen
supplier might replace the chemical fertilizer when nitrification rate and addition of
MLF increased.

During the last year, field experiment was performed to evaluate the effect of the
applied 15N labelled MLF. To do so, a field experiment with pepper and tomato using
loam soil was conducted in a temperature—controlled house, and two N fertilization
treatments were laid out in a completely randomized design with three replicate:
chemical fertilizer, MLF treatment. Soil were periodically sampled and analyzed for pH,
EC, total N, inorganic N and total C, and some growth characteristics of pepper and
tomato were measured. Consequently, mixed liquid fertilizer might replace the
chemical fertilizer.

Optimization of laboratory scale manufacturing process for making digested liquid grass
fertilizer using functional microorganism(KWN38). It can be concluded that more favorable
condition can be obtained by maintaining oxic condition through aeration when comparing

process performance between oxic and anoxic state. It can be concluded that sterilization is
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more efficient pre—treatment method than ozone treatment. As a results of experiment with
increasing aeration rate it can be concluded that optimum aeration rate is 0.4~0.8L/min-L.
It can be conclude that optimum dosage of functional microorganism is 1mL on the basis
of 1L of composite liquid fertilizer. Optimum decay period is 10 day at operating
temperature of 20° and 5 day at operating temperature of 30°¢. Better performance in
making digested liquid grass fertilizer can be obtained at 30° of operating temperature
rather than 20°. As a result of evaluation of pre-treatment(sterilization) applicability before
decay, pre-treatment before decay is recommended to make favorable condition in making
liquid fertilizer. ORP can be applied as operational control parameter instead of C/N ratio
because of good correlation between C/N ratio and ORP operational control parameter. It
should be noted that aeration should be stopped temporary before measuring ORP.
Optimization evaluation of digested liquid grass fertilizer manufacturing process using
small scale on-site plant. In previous study using lab-scale reactor, optimum aeration rate
was 0.4~0.8L/min-L. However, in this scale-up study, optimum aeration rate was greater
than the results obtained from previous study. In this study using 40L reactor, optimum
aeration rate is 0.8L/min-L. Almost same results can be obtained regardless of reactor
scale. This means that design factors obtained from laboratory scale experiment can be
applied to full scale reactor. However, optimum aeration rate per unit reactor volume 1is
increased as the reactor volume is increased. Optimum dosage of functional microorganism
is ImL/L in small scale on-site reactor. 5 days decay at the operating of 30C is more
favorable condition in making liquid fertilizer using small scale on-site reactor rather than
10 days decay at the operating temperature of 20°C. In this experiment, reaction rate is
increased up to 2 times as the reaction temperature is increased 10C. Applying
pre—treatment(sterilization) before decay is more efficient way in enhancing overall
performance of liquid fertilizer manufacturing process when conducting comparison between
with and without applying pre-treatment. It can be concluded that ORP can be applied as
operational control parameter instead of C/N ratio and ORP. Accordingly, degree of decay

can be estimated by the ORP value when making digested liquid grass fertilizer.
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EE, TN nFeh Evpee] AxvAR Edu Age] me YaA 2 4% Bt
FENA DFEEY PRvYE EFAu Agl mE JauA L Y B
(1) ¥ ey W gAl 2 AR

(}) Root mortality Z=A}
(th) A0S E3talu|o] 23

=
(2h) Feek =719 AA %2 Ad=s 24

(2) ZEAA EvhE AESY 3HYA L 3IP7H
(7h A3e] AA
(Wb &
(th) Root mortality A}
() AzuAE E3taAu]o] <3|

=
(mh) ek =719 AA %2 Ad=s 24

T
=
HE 2 A=

C XA SRR Axvds S Algel uhE geiA 2 A B
) a i

b A AA D A A4
(1}) Root mortality ZA}

(th) ®ale} Z7]9 AA 2@ AEZE 2A}
(h) FgF =4

(vh) E<F W WaldA &4 24 24}
(vhH) BEF Wl mAE A A

(2) TANA EnlE AE5eH w4 9@ A=A}
b ¥ E 9 A4=
(4}) Root mortality Z=A}

(th Felet 719 A 2 des 24

FE, A YxvAE £ Algel wE uF EvtES] B JF WUt
7h Az E Au] AlGo] w2 EF oshehy Msket A= o] g vA= dFFL
(1) AzxFaAn 9] FEas &4
(7h) Az o]
() Azdgdn] Fas L4
(th Azraan o Aeasidd
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BAEA 5L oRE A oY APeIA BPRE §714 AV YRS
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& ol &% Hujo Azl I S5& AHEY FHA AxE vds A ® 2
&R A|0252469% @ 1999W11€5Y, /o224 7|8 HE Al KCTC 0407BP

1-0‘!
bt

71eY9, Bacillus subtilis, Paenibacillus macerans 2 Rhodopseudomonas sp.% ©]F 1%
nAE AA YC-55 ol&ste] A4 AVieS WEAA HHE Alxste Wl i3k 53%
HH| 7} obd HH] A|x7]EelH, EAAAES o] &3 f7]d FRHA AxUH(TN5s TR
A2005-0074679% : 200537€19Y, T )o = Ao A ujts EFu|AAE wgAE o] &3t

T71d TEEE Azl #% Aew,
ol
l

(FMEsFH  A2011-0129613% : 201112€¥€2¢, 37/Me=z 37|14 vAERl  Bacillus

subtilis, Bacillus stearothermophilus®] &3+5 o]&3to] A4 Exo HF: & 3 AA

AANFEE WEe Vs, AEAGEH AH 2 O A2PH(FINES T H A12013-0107406

S o 2013910€24, s o =AM, A FEVLE FAEE AZg ofnlwAb du] kAl #H A

AR, ZE Fid4d & Fgste]  Lysobacter antibioticus, Bacillus thuringiensis,

Paenibacillus ehimensisE X3t PIAE SN e HETst A& F83 229 S
A

of B3t EFola, nAYE wUgA=S

kel
R
o

b= 71

Ans 245 9 o] AxZWH(F/NESFTE A2014-0019996%5 : 2014 32€18Y, &)=
71¥f S A KCTC 12238BP % & 7|89+%, Burkholderia sp. HSB1201 2.2 o] Fo]Z w A&
WA S E3ste 771 HE 2AEY 2 Az B8 7lsolth

271 AR5 EAA AT 5 Aol A A FUIAHVIEIR MBES o] &t HH|

AN
9 oolulgte] BE EHE wol $EHo] gou, T SolA welAE A o i
2 oA HER BESE Yoko] UE AT, 53 nAB JF HaP
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=
Aol v Fddd AL e AT EESe] EHEdR VE e RY §
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HM3g aitdzsd L8 X 2

A1 A 7 vde Ad 8 5S4 dF

1. Cellulose 3l 2 WAl 7154 vAE A
7}. Cellulose &3l vF 2
(1) 3714 SE5GEAT] dAF 54
EG 9 AdYdzEdd EAste AT SAS 20119 8€ 3 2011d 10 23] A A
A CC W EY 2 AHdxES o2 A& Jdqsiin. AP 5 U age
2 FA4% Ao xE U SHIEATY] LEE HHEH 35+ 0.2 x 106 7 1.8 0.7 x
107 cfu g-1ldwt.e] HFoA Wi, ol 2z A7z Asrd 2011d 8ol A
= 35+ 02 x 10671.8 cfu g-1dwt.S YeEoH, 109+ 1.8 £ 0.7 x 107cfu g-1d.wt. =
LEbH, 2011 109 9] wtAlrE 2011 8doll SAE wAlsRET o 199 A= =A e
wtH(Fig. 1). ol= 2011 8¥€ 9] oF HTEZ Y o] & o= AlsdTh

8.0

=

2 [

T o604

=]

=

G

g a0

&

g2

L1

=

= <

5 20

=

g

0.0 - T
2011\ 10§ 20113 oeE
Sampling period
Fig. 1. #ACC Ul B¢ 2 #ddzE oA SAHE 37148 THIFATY S5

(2) Cellulose &3+ &2
A CCol Ed % Ao xE25EH F2ld #AE FolAl chitin/cellulose w3 P&
< Adsetr] el ot BAa¥doe=z  colloidal chitine] 23 chitin H A ol A
chitin/cellulose s #3l o s dAdste] 967 #FES e dsdn 1
Al iodine & NS H7Me & T3] A7|E HluLst
w670 TFE AEs T
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Fig. 2. Cellulose #3ajx12] &35 A AR,

(3) Cellulose #all5 =4

AE chitin/cellulose - 3l T FE9 Cellulase €42 CMCE 7|E = 3t a4 w1t
S Fol e #dE 35- dlnltrosahcyhc acid(DNS) W& o]-&3sto] 574t
018
015 - y= 01436 x Z
014 | Rl >
E o1
]
A 01
o oo
o .
008 -
ood
0.02 4
> 4
0 0.2 04 056 08 1 12
glucose (a/L)

Fig.3. Glucose standard curve.

443, Table 1014 B uvpel o] 6719 wF % Pseudomonas Auorescens?} 7474
e GAHAEE HJL, I Y22 Bacillus circulans®t Paenibacillus ehimensis’t =<2
S EE YT

Table 1. 7542 cellulase a5 =4

Rlts! OD(550nm) 3o F(g/L)  unit (u mol/min)
Bacillus circulans 0.014 0.17 0.14
Bacillus Ilicheniformis 0.008 0.1 0.08
Bacillus mycoides 0.003 0.1 0.08
Paenibacillus ehimensis 0.014 0.17 0.14
Pseudomonas fluorescens 0.020 0.2 0.16
Streptomyces griseus 0.016 0.18 0.15
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BIOLOG MicroPlateE o] 23 A9 A olg&s BAL nAE o tAlAd thek
el W EA I gk ecle] Wste] mE MAdE Lo A gAbg sS4
st #83% W olth(Garland and Mills, 1994). o] W& sl mAE 39 5A4&

gtetst=t o] &3 4 A TH(Winding, 1994).

BIOLOG®l 93t ®iol&% 4 Ay A¥dd 6755 EF ol&sts 7[HdEE
D-cellobiose, D-Fructose, D-Galactose, D-Mannose, D-Melibiose, D-Psicose, Gentiobiose,
Lactulose, L-Arabinose, L.-Fucose, Turanose, a-D-Glucose, a-D-lactose® YEFSTE 18
3l 0% o] ol8d 71" 3-Methyl-D-Gluscose, Dextrin, D-Fructose-6-Phosphate,
D-Galacturonic  Acid, D-Glucose-6-Phosphate, D-Ribose, D-Xylose, L-Rhamnose,
N-Acetyl-D-Glucosamine, N-Acetyl-B-D-Mannosamine, Palatinose® W E}%kT}.

Table2. Chitin/cellulose - 3T TES] &@4LY o] &%
Bacillus Bacillus Bacillus Paenibacillu ~ Pseudononas — Streptomyces
Carbon source crculans  lichenifornuis myoides s ehimensis Auorescens griseus
2,3—-Butanediol - - _ _ _ _
2-Deoxy Adenosine - - _ _ _ _
3—Methyl-D-Gluscose + + + + T _
Acetic Acid - - - - _ _
Adenosine - - - - _ _
Adenosine-5-Monophosphate - - - _ _ _
Amygdalin - - - - _ _
Arbutin - - _ _ _ ~
D-Alanine - - _ _ _ .
D-Arabitol - - _ _ _ ~
D-cellobiose + + + + T n
Dextrin + + + + — _
D-Fructose + + + + T i
D-Fructose-6-Phosphate + + + + + _
D-Galactose + + + ¥ T n
D-Galacturonic Acid + + + + + _
D-Galacturonic Acid - - _ _ _ N
D-Gluconic Acid - - _ _ _ ~
D-Glucose-6-Phosphate + + + + _ _
D-Lactic Acid Methy Ester - - - _ _ _
D-L-a-Glycerol Phosphate - - - - - -
D-Malic Acid - - - - — _
D-Mannitol - - _ _ _ ~
D-Mannose + + + + T i
D-Melezitose - - _ _ _ _
D-Melibiose + + + + T n
D-psicose + + + + T n
D-Raffinose - - _ _ _ —
D-Ribose + + + + T _




D-Sorbitol

D-Tagatose

D-Trehalose

D-Xylose

Gentiobiose

+|+

+|+

+ |+

+|+

Glucuronamide

|+

Glycerol

Glycogen

Glycyl-L-Glutamic Acid

Hydrixy-L-Proline

Inosine

Inulin

Lactamide

Lactulose

L-Alaninamide

L-Alanine

L-Alanyl-Glycine

L-Arabinose

L-Asparagine

L-Fucose

L-Glutamic Acid

L-Lactic Acid

L-Malic Acid

L-Pyroglutamic Acid

L-Rhamnose

L-Rhamnose

L-Serine

Maltortiose

Maltose

+|+

Mannan

m-Incositol

N-Acetyl-D-Glucosamine

+

+ |+

+

+

N-Acetyl-L-Glutamic Acid

N-Acetyl-B-D-Mannosamine

Palatinose

Phenylethyla-mise

p—Hydroxy-Phenylacetic Acid

Propionic Acid

Putrescine

Pyruvic Acid

Pyruvic Acid Methyl Ester

Salicin

Sedoheptulosan

Stachyose

Succinamic Acid

Succinic Acid

Succinic Acid Mono—Methyl Ester

Surose

Thymidine

Thymidine-5-Monophosphate
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Turanose + + + + +

Tween 40 - - - - -

Tween 80 - - - - -

Uridine - - - - -

Uridine-5-Monophosphate - - - - -

Xylitol - - - - -

a—Cyclodextrin - - - _ _

a-D-Glucose + + + + +

a—-D-Glucose-1-Phosphate - - - - -

a-D-lactose + + + + +

a-Hydroxybutyric Acid - - - - -

a-ketoglutaric Acid - - - - -

a—ketovaleric Acid - - - - _

a-methyl-D-Galactoside - - - - -

a-methyl-D-Glucoside - - - - -

a—Methyl-D-Mannosid - - - - -

B-Cyclodextrin - - — _ _

B-Hydroxybutyric Acid - - - _ _

B-Methyl-D-Galactoside - - - - -

B-Methyl-D-Glucosid - - - - -

y—Aminobutyric Acid - - - - -

y-Hydroxybutyric Acid - - - - -

] . e ® (W
- e ee s . ™ O B L
L - - ’ - = 8 & - . .
» 8 w® @ - w B &
- = = - ] .
1 & ES
Bacillus circulans Bacillus licheniformis
" r ¥ r F
- & 8 8 8 8 - [ ] a8 & 8 & a L
e w @& . Ssee & i
L @ 5 a i e - &
[ ] ' ] - - - -
L 3 &
Bacillus mycoides Paenibacillus ehimensis
- ® L
2 B 8 B - 8 a - " & & & @ & L
- [ ] - [ ] s 8 - & -
- - - & - &
] - -
L]
-
Pseudomonas fluorescens Streptomyces griseus

Figd. +3 BIOLOG Plate 4}
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S

@) 254 Bl te FHFBAEA

3L
1=
PN
T

AdbEl 9 chitin/cellulose T3l 59 FoHAA o7 (funghdll st Fa&dAd A3
A3y ST A8d YW AAN TF  Rhizoctonia solani, Phytophthora capsici,

Fusarium oxysporum®| tsle] E5F IFH&8d S YelWd dF5 Streptomyces griseus=
YEel . 18] 3l Bacillus mycoides, Pseudomonas fluorescens, Streptomyces cavourensis
= 5 Rhizoctonia solani®t Fusarium oxysporum®| tjste] &S ey o
Bacillus circulans® Bacillus licheniformis= 15 Fusarium oxysporum®l| W3s}e]qh &kt

24 et

Table 3. PDAM}A| A 7157 Alxtel o= A& HAddFeol gk B4 A

Rhizoctonia solani  Phytophthora capsici  Fusarium oxyporum

Bacillus circulans - - +
Bacillus licheniformis - + ++
Bacillus mycoides - +++ T+ +
Paenibacillus ehimensis - +++ +++
Pseudomonas fluorescens + ++ + + 4+
Streptomyces griseus +++ ++ + ++ +

(=2 no inhibition, +:0.5mm, ++:5710mm, +++:>10mm inhibition of mycelial growth)

Phytophthora

.. Fusarium oxyporum
capsici

Rhizoctonia solani

Bacillus circulans

Bacillus licheniformis

Bacillus mycoides

Paenibacillus ehimensis

Pseudomonas fluorescens

Streptomyces griseus

Fig 5. 7]s/d Alitel o8 A& WHddFadd g 44 oA 29
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(3) 16S rDNAG7|ME A2 E3t

(7}) 9414 DNA

=

o~ 1B

ﬁ] E&l4

AdbE chitin/cellulose ¢-FEHTFTFES 437 95+

FE314] 16S rRNA F 725 #3

3} tH(Fig. 6).

o] 759 AMNA DNAZ

Fig. 6. Cellulose

(14) 16S rDNA <]

=
[€)
e FFEe] 94
=
[}

rRNAE PCR=

#3752 DNA

iz
=

2

DNAE
3} QiDHFlg.

A7 9% AL

=3t HU|dse=
7).

el

skelgk %, °F 15 kb9 16S

Fig7. Cellulose &all w59 PCR 7|95 AX.

Tabled. 4F CC AU E2Z25E 8% cellulose #3 5+ &=
NCBI
No. Accession class Species Similarity
Number

kel3 JN644554.1 Firmicute Bacillus circulans 1398/ 11423/%519385?3%?@5 -

ke82 | GQ375243.1 |  Firmicute Bacillus licheniformis | 1433/1335(99%), Gaps =

kec21 AB679996.1 Firmicute Bacillus mycoides 1432/ lé%S igg?‘i)%)(}ap S =

ke31 | FN582329.1 Firmicute Paenibacillus ehimensis | 1492/ 1;19{34({69%%(}31133 =
Gamma-prote 1415/1417(99%), Gaps =

ke84 | HM854217.1 obacteria Pseudomonas fluorescens 2/1417(1%)

kec69 JN827310 Actinobacteria Streptomyces griseus 1480/122!/7184(2327?,7’6)(}6”35 -
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$ N
m\m

ZAZIZE T el Tt AsEFadoez B4 A3 Low G+C Gram-—positive
bacteria 1H o2 4H 7 Firmicute Lol &3dhs 47 F9F A3 SAlo] tpekdlt 3}s)
F719 YA E 1502 4% y-Proteobacteria 145, high G+C Gram-positive bacteria
191 Actinobacteria Lol ot wF7F 247 1A 28, S ATH(E, 2008).
kcl3, ke82, kel &, &7, B AgE T oAy Aol AM HAaHY, 4F AYE
A, FAEHE, ofv =4k AL HIEY 5o FE&EAS AAlst FAEE AEA 91394
o] Kol dg| o]& %= Bacillus 9 &3t Aoz YERSET(], 1985). 71 % kcl3<
w3ol B ER AxEY F9o FARoH Y Adxwe Fx, A TIA
(laminarin)®] B-1,3-glucosidic linkage®] 7FI®EaEul &45 AAS= Badllus
circulans?t A7 E  FAFE Frol 98% = A UERW (A, 2003). L3l kel2E
cellulase ¥ amylaseE AAtsle= o= dHA A= Bacillus licheniformis ¢¢ G714 4
FAFE gho] 99% 2 =A YEFS (S &, 2007). 3 ke69= HAE, 2ad, 719, A
o WIFEFELS FdlotH, vt TR FAAE FAhste sEHoE #F LA
Streptomyces®l| &3l+= Streptomyces griseus® 73 At ke3l> o8 &% % pHY
S e otk FAWEAHS BH| 8= Paenibacillus ehimensis$t A= ko] 99% =
=A WEFS TR, 2002).

np 2wk 0 2 keR4> Rhizoctonia solani, Pythium ultimum, Fusarium oxysporum ‘&
e 7HA AEY EEAEHSES WAdste FATELS FHlEe oz dHA

Pseudomonas fluorescens$t +AFE zko] 99%= =4 YEFTHZ, 1998)

=AY
4
it

d

AN

ion IHOE57766 1] Bacillus anthracis
:: KC21

BS
—JNE44554 1| Bacillus circulans
—"”E ‘ 0L Ke13

1GQ375243 1| Bacillus licheniformis

100 'K e 82
o |—|FN 582329 1| Paembacillus ehimensis
100 Lke 31
”JNBE?EIU 1| Sireptomyces gnseus
10 L-Kce9
|-:Hh18542 17 1| Pseudomonas fluorescens

0 ' Keed

0oz

Fig8. WrlolzBolAe] 2ele dak Baldde] 2Hoty A5
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2. 7154 WA E(Paenibacillus ehimensis KWN38) &4 <+

1
=
b maBYEA

KWN38& 797k wlgstaA o a9l 4ES AHshe] dad mae F4e &
S th. o, protease 743 1043+ A3t

(1) cellulase A

cellulosee] #8124 & WA 48744 F7balert of T2 F48 dasdn

(Fig. 9).
008
007
'_'F 006 i
E ¥
g oo / \
£ ooa \
& 0.03 I 1
: y N
% 002 R 4 e e
= ao #_.a-"/’ : ) :
- N
-
0
1 3 4 & 7 B

Time of incubation [Day)

Fig. 9. KWN38<2] ulj A 7ol w2 cellulase &4

(2) chitinase 24
chitinase &7 SUA7EA HAH o2 F7lsttirh o] % A
(Fig. 10).

d
-
ax
[o
fr
ru G
oX,
s
oy
[N
ol

A

. ‘I i
i

Chitinase activity (unit ml*hY)

=
b%

2 i 4 5 LF] ¥
Time of incubation [day)

Fig. 10. KWN38¢] uj A 7tel w& Chitinase €4

(3) B-1,3-glucanase &4
B-1,3-glucanase &4 3LA7IA A A3 FZ7Fsttb7F 5L o] o] A
6L A 7FA] A A3 FFast T 7AdA | FA3] A AHFig. 11).

o

e
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o
o 5 e E
g2 &8 R F

:

&l ucanase sctivity |Linltml Y|

Time of incubation [Day)

Fig. 11. KWN38¢] #j A7t w2 B-1,3-glucanase &4
(4) protease &4

protease &2 4LA7A] A A3 F7FsUrE A Aol 5438 F7Fste] YAl
4485 Yebd & A4S oH(Fig. 12).

pFis)

Trabian acticlty (Unitml ' ')
3

1 X Ed a = [ F - o 10
Tz of secubation (Day)

Fig. 12. KWN38<] ulj kA 7kel w& protease &4

U AEAGTEEAL

(1) TLC chromatogram 2 ¥}

TLCSF HPLC ZL2rt=13 <143 KWN38S auxinf o IAAS #H] 3}
= ot

rlr
poy
o
fr

o

Fig. 13. TLC A =ZvlEI#-& o] 83 KWN389 auxinH] &4

ot
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TLC A=RvtEIHRS AAG Ay s A 229 awxin® EF=4S 1AAS
KWN38 vjF A5 dS ethyl acetate® F=3 79| olF A7t FAF & oL, vl A ef
of th3k HkZoA BF EIZ MG YelAtH(Fig. 13). ©]+ Indole acetic acid ¥+&E 42
Rfgt2 033, KWN38 FZE2 03124 °Fgke] zto]l= ot o] A#}=E» KWN38e]
HE =42 JAASE #AZ7F A auxin®] 7<) A o2 ATEh

(2) HPLC chromatogram Z ¥}

HPLC ZZvwEIdS T3l IAA X227 KWN38 FEE9 tRte] BF 16282

2 ZA 5o KWN38] auxinfo E2& AAasts Aoz gty ok(Fig. 14).
™
[T e KWN S
I.'. \ :-I &
R f I'L,.L;_".— Indole-B.aceticacid
".." \ (100 ppm) #
|II |II @
1 |I
[LE ] ll_|II .Illl I:l [
.'I i
L] H |Ir L} L
Iy 1
'y \
[ i I“'- i

Fig. 14. HPLC A ZvE 138 S o] 83 KWN382 auxin®H| &4l &l
o ABgEgelgAel v FA ) L w4 AsY 24
(1) KWN383} Hjakolol] o] gt A} 5}

KWN38% A Z®H A4 F30]9 platedol A tixmed A2, nAE HE dtdjd A
(@< 7IsAd vAE HF A A DY EES vludiyd As HdAd $30] 3F[F B
F UAE HE dHE TAHa) e B2 Al ‘3}'311 7]%"3 vAE HE A TFAHD)
o) wge sEHel 9ee HelsrhFig. 15 16, 17). T3 R CISAAES 42
s17 ere PDBUlA)SH KWN38 wheFe} A 7ol 4B3A4 §%ol @4 53] Jug o
W Ash PR e FRole] A Ao Aekm vl vs) KWN3S H e
e AYF AGTAAE ABHAY FFolo WAL s Hel F AebA EahHrHFig
18).
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(7h) N1 ABEAN 2% Rhizoctonia solan AG-1 (IA) A} ¥ 3}

W i
= \ L B

-
.
= M "'Q ’
- r L | +.-

- '-:'\-i:.?-:".-
X b ™

LW

™ =
Y
- -

T

i
w o P

- i
Y
i
O E ey SO 24 25
S

R

R yudawl AG-1 {IA)

L

= -
DS AT = 2 B

Fig. 15. KWN389ll 93+ Rhizoctonia solani AG-1 (IA) A} 33

j

(W) 7158 E 98 Fusarium oxysporum fsp. Lycopercisi ¥ ¢ 3}

-

) o
O-4E 2| 2l 24 25
T | \. e ]

F. oxysporum Lap. Dicopercisd

Fig. 16. KWN38ell 9|8t Fusarium oxysporum f.sp. Lycopercisi A} 3}

(th) 71sAu A& o8 Phytophthora capsici 1AF A3}

-
- &

it e,

OlME M2 MO B e
L

*

Pindopltora coapsict g o .‘-:".i _-\_
NN

DIME 2P & A S

Fig. 17. KWN38el 9| Phytophthora capsici 74} 33
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Fig. 19. KWN38 =& 4

() 7154 P A E(KWN38)Hl o] wtAF sk o WA

= 3

T KWN38 b 25 %42
R. Sclani oy
AGL (1A)

F oxysporum

P capsic/

- o ., (o e
[ o = 0

Fig. 18. KWN38 wjake] Aele] olg A} 53

(2) 284 FE2 93t FAF 9
KWN38S HZE3 ¥ 7d7F #jdste] Ammonium sulfate(80%)%

50mM sodium phosphate buffer(pH 7)2 o] WUA FFo]o g sle] & Aol
A Fgol A 3y g¥E ST Ay dixTe WY %o A 9y

vel, 2845003 1000pg/mDE A3 Ald o] WA 3o = Aok (Fig. 19).

500pg/ml crude enzyme




(3) butanol F&=° & FAF 37

KWN38< HF 5 743t wjgste] butanol(BtOH) 2 IAEHAS F=3 5 HUAd %
olell Mkl FA = o3 WA wgdo] dAF 9] mdE ST A3, o W
AR FBol dAbE I HA Z&2H HE butanol(500ppm) FEES AHd AlATo

Ab= 3439 5] A H(Fig. 20).

- 500 ppm BWOH =58

Fig. 20. KWN38 Hjj ol

(4) KWN38%} njgFellof] gk x| ] 3

7154 A E(KWN3R)oll ot BHAdAd #3330 2 A w8H& AN 235 29 R
solani AG-1 (IA)ell Azt A3} 275 F4H o2 Sclerotium(:+3)S FAJst=d 13l
KWN38 wjoked 2] 79 Sclerotium(F 3)& wrolw A R oFo] M %A F oxysporum
o} P. capsici ol Ag]d A3} thzFoME EA7F doly =0 Hls] KWN38 sk Az
TFol M= 22 PAgo] AAE At (Fig. 21).

T CHZ= KWN3E Bl 2oy X2

B Soland
AGL (1IA)

E oxp=porum

Fig. 21. KWN38 uj kel =] 2o Jfﬂ ﬁx} g4 A& &z
(B) ZF A FEE o3 2 A
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KWN38S A& & 74z vgste] Ammonium sulfate(80%)= &
sodium phosphate buffer(pH7)% o] WA F3Folo A2 ste] & H
of 7 Azl s8s S8 A x5 A HAdAd %80l _‘T_X}*‘E Q4 = =d 3|
KWN38¢] Z &4 1000ug/mls A8t Ald9 2x= A=A L dch(Fig. 22).

& CONTROL 500pg/ml crude enzyme | 1000pg/m| crude enzyme

F oxysporum

B capsici

e

Fig. 22. KWN38 84 F&& Agd 93t xx JA g# a3

(6) butanol F=& °|3§ XEX} A 3

KWN38S HEF3 & 747 wjekste] butanol® A EHAS 53 T WA FHold
Aelete] A=Al o3 HAA FFol A A sEHS ST g
T30l ¥+ JAEH=d 1]& butanol FE 2250 500ppm)= A 2
A A E A (Fig. 23). BAA +30] 7 HE A3 235 BH
of A&t A3} butanol FE& 250 500ppm E-Fol A Sclerotium(3)o] ol HA H
ol MAHY F oxysporum® P.capsia ° 2]t A3} butanol F=% 250ppmol A=
FAg et 2ol oA 37t yElR] 29 Hld] 500ppme A2 S w olel A
E347F VERS

= . 250ppm BHOH 500spm BLOH
T CONTROL £z g 23| FE=H
r- — " . g
R Solani . ¥ L ==
AGI (1A) -a =
T % . d
F oxysporum
-~
B capsici

Fig 23. KWN38 w9 BReeFZE(AEZ )0 o3 2 d4 A a3
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2}, & 2 (chitinase) ®g 2 AA

(1) 9 Fd5 2] chitinase &4

0.01% glycol chitine] #7}¥ SDS-PAGE running gel (12% polyacrylamide gel) ol
Paenibacillus ehimensis KWN382] vl Y5 ARE w1 A7|9&5S 3 F 1% Triton
X-1002 1% skim milk7} 23%F 100mM sodium acetate buffer (pH 5.0) €= o] 241 7F
A v, WS-8 AF8N 1% Triton X-1000] ¥3F¥ 100mM sodium acetate buffer
(pH 5.0)01A 24A17F WFg AJZFHTh ¥H2 3 0.01% Calcofluor white M2R @A o 2 o A4
sto] 7l i aa S &2 AT Fig. 249 2ol A A3} 35 50, 82, 107 2 138
kDa 4xe %S 71 chitinaseE Paenibacillus ehimensis KWN38¢] AJibshs & 4=

AN

Fig. 24. Active staining(SDS-PAGE)S %3+ hltmase g4 g9l

(2) DEAE-Sepharose column Chromatography A 3}
Paenibacillus ehimensis KWN38% wjFet & d4%e 3o A5 HS 80% ammonium
sulfate2 45 HAAACY. HAES F45t9] ammonium sulfates AA T F
DEAE-sepharose Z ¢ ZZvlEI1H 9 E T 12 FA AL Fig. 259014 H &= nbpe} 72o]
80% ammonium sulfateE E3Fe] A4S ZF A NS DEAE-sepharose Z o] NaClS o]
3t 0-0.6M7HA] % TS A dwads AT e 2389 chitinase A4

AT F 4ol de 11-228 +8 5 3]st F5AFT

&
KeX
=

—s—Enryme sctivity -#—A 150

0.6

A TR0 run

0.3

0-0.6 M Na(l

iy e medivity (Lol )

0.0

Fraction number

Fig. 25. DEAE-Sepharose column chromatography
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Chitinase active stainingS %3 DEAE-Sepharose Z#d 23 11WH¥Fg 22714
chitinase &4 %2 THE ZASIAY. =AY 23 11HFH 228714 chitinase &7 €4

ol =4 Yekwtt (Fig. 26).

kDA Sd S C I IRIZMIS 161718 19202 2

| [N e

‘l;l
Fig. 26. SDS-PAGEE ©] &3 DEAE-Sepharose column chromatography & %&
chitinase &4 ZA}

(3) Sephadex G-100 column chromatography Z ¥}
DEAE-sepharose Z# AZvtEIHI Y A& A4S 5 3slgg &+
sk &

= RLA
G-100 A7 ol Loadingdtel &&F3stAd (Fig. 27). €& T 3% S dmd
chitinase 84S =AsItr R E 239 chitinase 84S A3 5 FAlo] =& =
23-45W #8& 3|48t A AT

=o—Enzyme acovity =8=A 150

3 0025
&8 L 002
E
g 2
e L0015
-
Eis Z
: -
; - 001

1
5
2 4 - 0005

0 e 0

0 5 19 29 39 49 % g 7
Fraction mumber

Fig. 27. Sephadex G-100 column chromatography
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Chitinase active stainingS %3] Sephadex G-100 column 3 23HYE 45H7}A
chitinase &4 % TFE ZAbstAth A A3 23978 30974 = 50 kDa Rtob A&
TAES 7HX chitinase T/ Pl SASAY HolA Fdth g ITHNTEH 45HMA =
100 kDa Rt} & A28 7k chitinase /v P& EA8AY Heolx &dtt (Fig.
28).

M 23 30 36 45

100 —»
n —
L] =
a0 »
30 »

.....

Fig. 28. SDS-PAGEZ= Ol%ﬂ Sephadex G-100 column chromatography 2% chitinase
44 At

(4) CM-Sephadex C-50 column chromatography 2}

Sephadex G-100 A§ A=ZntEO#Fe] &4 =4 9 chitinase active stainings ¥ 4
I 23 FE 30 7FA] 34 23S CM-Sephadex C-50 Z & Loadingdle] &3]
o} (Fig. 29A). 85 § 3|43 £3& dd AF 2 chitinase 84S A AT 244
I 6HEH 109, 129, 1445 229, 255 279, 28 HH 33W, 34529 Ao t=
A ZAE QY 2828 o2 3k F3S o} chitinase active stainingg A A &th (Fig.
20B). 1 A 6HFEH 10HANA = 4537 47 1292 2579 A4 43k a4 ey
3, 14U EE 2232 129H0)A YEPGA A fALe s o) Qlth 25 FE 27H2 oFgk 2%

Fa7b et 28w E 339 9 3ol wel Fa EFE Jebich a9 349 o
T4 28 FE 33He YEhd g4 Hu @do] AerE 34W £8e] §4AE w59
pH, &%, 35029 Jad sty A

—e—Enzyme activity —@—A 280

-

-lotv i Ag

12 - —0.5
(A)

= 1
E —
Eos %
; z
Z06 =
2 o
2 N
Zos4 S
Z
Y3 4

0 l“‘z — 0.0

® ol @ o T w o ool T T
e CRAELERIEHNEBTIELEETESEE

Fraction number
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(B)

50—
40—

30—

Fig. 29. SDS-PAGEE °] &

chitinase &4 ZAt

(5) chitinase A A L.°F

Paenibacillus ehimensis KWN38&
g AAAAY. AAES
=3

22k AA g

ammonium sulfateZ &4
% DEAE-sepharose 4%

2ol E =3 3x AA

C50 A9 AznEadds A9 F 2x 1H
12.34% YERGE

a1, A A8l & (Purification folds)i=

Table 5. 7|81 &8l a 4 AA Q2

aZntEIOYEE
Sephadex G-100 A§ AZrtEIHIE S5
3} th. Table 591 A Etﬂ}@r 2ol

ko ML= e

= O -

100—
70 -

—_

H

==

543k

-

F2A3le] ammonium sulfateZ
1

(specific activity)+<

pH and
‘ Temperature
stability test

5 CM-Sephadex C50 column chromatography 2w

Fk T ANRY el FFL

A7

}ﬂﬂ , 12 AAE Z2a

< CM- Sephadex Ch0 Z251 =
%% CM-Sephadex
12.9 Unit/mge°] 1

Total proetin | Total activity | Specific activity o
Step ] . Purification fold
(mg) (Unit) (Unit/mg)
Ammonium sulfate 73.63 76.98 1.05 1.00
DEAE sepharose 10.38 50.39 4.85 464
Separdex G-100 7.52 46.33 6.16 5.89
CM sephadex C-50 0.69 8.90 12.90 12.34
(6) AA A chitinase E4 FA}

E ] O

Al BG4 £8)e 5ol Uit S48

ZAbet7] 918 10mMe] CaCl2, Cocl2,
ZA Ay RE &

CuSO4, EDTA, FeCl3, HgCl2, KCI, MgCI2 % MnCI2 & AH=zg &

o] Aol A AelskA @
3 HgCl2el A 2H2 86%, 91%2 100% 2

O]—O

AT weh F4o] vl
52 oA B0l A AT (Table 6).
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Table 6. 4020 @A v A= J& FAF
Material Relative activity (%)
None 100
CaCls 66
Cocly 61
CuSOqy 92
EDTA 92
FeClg 34
Hng 0
KCl1 66
MgCl, 9
MnCl, 14
AAE ZEAGAH F2) HA 2=d wE FHA A4S =AM A3 30TeA HA &
A B sER T 50, 60 2 70CAN A= s @+ A4S By (Fig. 30).
2.0
= 1.8
= 16
S 14
= 1.2
£ 10
= 08
&
Z 06
= 04
< 02
0.0
20 o 40 50 60 TO
Temperamre (*C)

Fig. 30. &=%7F 48l mlx+= & A}

AAE BAG4H )9 HA pHE A4 A3 pH 4old HA Y & (relative
activity) = X 31, QF4 A (residual activity) SN A= pH 4914 7F =94t} A9+ pH
7 1o] MGulrlek F43 B4o] WolAE A2 %+ AU (Fig. 31).

120

100

g0
E_; 60 = B etidual activity
- == R elative activity

z 10

s .

0

4 5 =] 7 B L 1D 11
pH
Fig. 31. pH7} &840 mAs 93 %A



o 2L

H A4 EB38)7} Fusarium oxvsporum ¥:AF Holol wx&= &k FAle] v X &=
ZAFEH7] 918l PDA wiX| ol Fusarium oxysporum Y:AE =3 3 % Paper discE
% Z}7} a: DEAE-spharose Z® AA| &4, b: Sphadex G-100 Z¢H AA &4 c
CM sephadex C50 A& A=A &4, d-e: 20mM Tris HCI buffer 2 f: 20 mM sodium
acetate bufferE g atAtt. A8 39 & A3k A3 AAE &4 g2 a b, colA
F2F kol Bl A oA s #E F o Advk skANE buffer A2 d, e, f X E E
zpe] whol dl Aol #F At (Fig. 32). ol#t A= Fusarium oxysporum M-A}9)
oy FAEAC 7)€ (chitin A S AAY &34 £ 38 chitinase)7} 33 sto =z F
Zke] ol oA € Ao® HWTh

o o
(1 o% o

Fig. 32. A9 247} BANEAR Sol(Fusarium oxysporum conidia)ol V] X += G AL
a: DEAE-spharose Z% AA| &4, b: Sphadex G-100 Z# AHA &4, ¢ CM sephadex
C50 A= AA &4, d-e: 20mM Tris HCI buffer 2 f: 20 mM sodium acetate buffer.

U]—_ %C]-/Kg%;ﬂ b ;(ﬂ

1) =4 5 4 54

71523 v A = (Paenibacillus ehimensis KWN38)& 5d 5ot ujj¢ &)
(8000 rpm, 20 min at 4°C)3}%] Butanols ©]-&3le] F=Z3tith. | =
F=3}al P. capsici, R. solani ¥ F. oxysporum °| thale] dtdA A8k Ay}
g4 S 29 Butanol FEES 7FA 3L 1xd X ©]oJA] Silica gel ¥ Sephadex LH20
column chromatography & ©]-§3] I E2S AAg 5 HPLCE o] &3] HAA® EH& &
3 35lal NMR5 S o]&35te] AAlE E2S A4S AT

o g

M o

A

o

O
r
e

mlo -{O{' _101'
=
o2

2
oo 12

u

R
o
T
==
oft

(
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P eliimensis KWN3IE

centrifilge Adust pH
MO 170 rpm — 1o 30
S days _
00 rpm.; 20 min
Shaking incubator l
Extract same
virhurme of
h j =1 butanol
Evaporate (
to dryness
=

Rosary evaporator

[omase ]

208

Step-1 S ﬂ
{052 -
| LH 20 cohmmn |
Step-2 >
(30 mg) J:l
| Strata S1-1 sdica
(colmn B)
Step-3 - >
(350 ,
Inopak C1&
(colmmn B}
Step-4 >
(3 mg) , ﬂ
Purified compound

(054 5 mi'ml; H,O MeOH fraction}

Fig. 34914 R=vhel 2ol He-&(butanol) FE=EA4 3
Fes FEES dE 75 5539 FAEH GAE W3
methyl palmitate= &4 %%, Fig. 36-3741 A4 R=nkel 2
dE YERNSTH

2 o ™

Fig. 34. ¥ &2 (Butanol) &9 3+ 4. MeOH: "8 A7, BtOH: He2 A
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(2) methyl palmitateol] ¢]3+ 3} 3HAl

Solvant

|
“OCH, |

>
|
| | il l | 1
| P e T N i

|

T | B

Fig 35. methyl palmitate®] H-NMR 2 3}

Fig 36. Paper disc< ©] &3 methyl palmitate®] Rhizoctonia solani AG-1(IA)Y o st
it G4 A A Ui ET, B-H: methyl palmitate (0, 1, 2, 4, 8, 16, 32 mg ml™})
A2
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B0
7%

TO

&l

L]
3
]

00 1600

Fungal growth inlbition (%)
= o
-

=

.|.

Concentatfion of mathy] palmitate (ppm)

Fig 37. v§A] 7} wWE methyl palmitate®] Rhizoctonia solani AG-1(IA)o| th3st &+
g4, A-H: methyl palmitate (0, 25, 50, 100, 200, 400, 800 and 1600 ppm) * &+

3. 7154 vAE EA AT (Streptomyces griseus H7602)
12PA ol Paenibacillus ehimensis KWN38%} 7] A xw| A& E3tld] A Ao A& $H
A B Eold T she] v EQ Streptomyces griseus HT1602% Olﬁé}tﬂ e 7}

2o 49e DB ot B A AUE S dnBEA @AARgE S W
A7 B A0 D 29 SHS ATEezA NAZAA A4E 497 Aa zaTe
Aoz WA FAT

(1) Lipase and Protease 4] 2 d3+3kA ZA}

Fig. 38041 Hi=n}e} zo] Lipase ¥ Protease® A4Fs1al, 16S rRNACl d71MES
ntglto g 3 wAES FAH A Sweptomyces griseus®t 99% o] AR ko]
Streptomyces griseus H7602 (NCBI accession number : JN827310)= ™3ttt (Fig.
40). Lipase Z4& 1% Tween 80 X3 nutrient agar BiA|o| A A5 A o2 HAusg]a
protease #H]5S 10% skim milk agar Ao ®@ & Fw3 A [FE= J,lr?_‘r‘é}‘}ﬂ‘:}
Streptomyces griseus H7602% 53 WU 330l Phytophthora capsici, Fusarium
oxysporum, Rhizoctonia solanidl W3t 743 A A4 534S 7FH T (Fig. 39, Table 7).

Fig. 38. Streptomyces griseus H7602¢] #4]3%t lipase(A) % protease(B)2] &<l

T



Phytophthora capsici Fusaritm oxysporum Risizoctonia selai

Fig. 39. Streptomyces griseus H76022] 3t 28 L3

P.c: Phytophthora capsici, F.o° Fusarium oxysporum, R.s: Rhizoctonia solani.

F1E1+PDAB] A o A] 7L & =A,

Table 7. Streptomyces griseus H76022] &+ &4 53 FA}
Fungi Inhibition (%) Antifungal activity
\Phytopthora capsici KACC 40483 5333 + 1.44 +H+++
2 ] f 1 'ci KACC
usariumoxysporum £ sp lycopesici ALET + 3,82 s
40032
\Rhizotonia solani AG-2-2 (IV) KACC 40132 30.00 + 2.50 4+

«B4 AN e 7o wom spgdry, e[S where, r is the radius of the
fungal colony opposite the bacterial colony and, R is the maximum radius of the fungal
colony away from the bacterial colony. Antifungal activity (inhibition zone): — no inhibition
zone; + (very weak), 0-5 mm; ++ (weak), >5-10 mm; +++ (moderate), >10-15mm; ++++

(strong), >15-20 mm; +++++ (very strong), > 20mm as the distance between the fungal

pathogen and the area of antagonist growth after 7 days.

;H[Sfrrpram'rﬂ sefonii D63ET2.1
Streptomyces bottropensis FI456738.1

Streptomyces piomogenus GU166433.1
Strepromyees grisens EF687741.1

=s Steepromyces grisews H7602
Strepromyces parvis EF063462.1

Strepromyces cavourensis NR_043851.1

Strepromyees globisporis EUT41124.1

0.035

Li L

Fig. 40. Streptomyces griseus H7602¢] 4% A==
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Streplomyees flavogriseus EF178690.1
'IDDI "
Strepromyees baarnensis EF178688.1




(2) Phytophthora capsici 77AFA] o] & A ZA}

Streptomyces griseus H76029] Phytophthora capsici A} o] & 7}sA ZALES €319
Phytophthora capsiciE PDBW| R|ol] 7]& & AFA| S XEo}x] Table 89 YEFT vjX|o] 1%
FE2 #H7}sle] chitinase ¥ glucanase 84S 797 7247 &4 skt 2AMZE 3 Fig. 41
oA BEnpet ol HEF 24 A5 chitinase 2 glucanase &4 o] 5243 F7FstH L, 4<
Al Ha GALS Holn 1 F FAS Aol AU, AR O 2 Streptomyces griseus
H7602+= Phytophthora capsici 7tAHAE A UYA Lo 2 A o] &7F5 3L, 7|2 AR 9
F27 7%t o 24 chitinase 2 glucanase?] @A o] A HojX = Ao 2 AR H AT

Table 8. Phytophthora capsici 7 AFA|E ©] &3+ chitinase 2 B-1,3-glucanase &4 XA}

WX =4 (%)

Na;HPO4 0.2
KH2PO, 0.1
NaCl 0.05
NH,CI 0.1
MgS0y = TH20 0.05
CaCly » 2H,0 0.05
Yeast extract 0.01

@

[
4
ol

Chitinase activity (units/ml)
-

N
¥

K

] 1 2 3 4 5 [
Days after incubation

=)

=)

[i-1,3- glucanase activity (units/ml)
F

B

v

=

[

(%)

] 1 2 3 a 5 6
Days after incubation

Fig. 41. 7191 ¥ ZF%F 3] &4 (chitinase and glucanase) &4
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(3) Wi F T A FtdAg
Streptomyces griseus H7602 W& s e o A4S ,7,:/\}8} ] —?4311 Streptomyces
griseus H71602E GC wjA| oA 547F vjkst & AT es
AH8 SFGIT Fig. 42A9C ol Hiz whe} ol S griseus HT602 Hok *"“"ﬂ HAZ
Phytophthora capsici®l A= A7t st A AR, Fig. 42B9F Dol Al B npel o] &
Fol AR P. capsicio]l #AFE A Aom AAsIATE ol S griseus H76027F A4
3} EH/\}/\FEOH o3 P. capsici®] A Aol o

Ir

Fig. 42. Streptomyces griseus H76022] Fitwjd A o] P. capsicid] FFAd FA 3 AR Aol
v X += A8 (A9 C) Streptomyces griseus H76022] Hirujdkel (Bel D) "<

., A= A
7154l A& (Streptomyces  griseus H7602)& 5Y &<t GColA|(Aztel 0.05%; Al4ZE

0.05%; &E3Hls 0.3% (21-17-17; N 0.063%; P205 0.051%; K20 0.051%; Dongbu Hitek

company, Korea); % 0.6%; rice bran 0.05%; yeast extract 0.003%)ol A w3k & vk

S AAEZ®000 rpm, 20 min at 4°C)O]-°4 Chloroform, Butanol, n-Hexane % ethyl

acetates ©]-&sto] FE5FAUTE ©o] F

F. oxysporum ©| dWdto] FddHs 54

o

acetate F=E5 71 v A3

FEES 5%t P. capsici, R. solani 2
A 3} ‘%ﬁ A4S H<Q n-hexan¥ ethyl

(1) ethyl acetate
Ethyl acetate F+=&2] &t

acetate =% 100 ul@7} 3 &
51

( _!N'
0 M
e
o
o2t
4l
foh - s
o,

sk ZAME 918 PDABIAE W= £ 1% X9 Ethyl
P. capsici, R. solani 2 F. oxysporum %72+& W E# ¢
T Tl &8 w2 F It S AT Ethyl acetate 5% 2] 7<1 Fig. 43A,
B, CollA H o] HFA =z H|sto] P, capsici, K. solani 2 F. oxysporum s
o zyzyol HFol7b A AekA| RIS B T Uvh A7 BHAdA Bl st A&

o

& P. capsici 74.34%, F. oxysporum 74.99%, R. solani 49.63% % ZA}% A t}.

-
e
‘U n
FJ
)
=2
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kil s )
8
8

CIENS

il (

Fig. 43. 3% % (ethyl acetate F&%)9] 3t

P.ct Phytophthora capsici, F.o: Fusarium oxysporum, R.s: Fhizoctonia solani.

Fig. 44%= Photato dextrose broth (PDB)ol A 7| Phytophthora capsici W% 1ml=
22 tubeo] 5¥ EoF wjgsith o 7)o #4k(hexane) F&E 500 ¥ 1000 ppm FE=Z A
gk o 72413 o] A FElE wEskth dE A3 veks ATl A Y wAF A%
Aol o}, dAk(hexane) F=5 500 2 1000 ppm % A Fol Ao HAE vy
ol He R zAEY. o= A FXiHhexane) FEEQ Aol HHIAATE,
o

2] gkol ool A Hl o] E(ethyl acetate) FE =5 o] &3slo] i EHS 7 A

e

Fig. 44. 5% = (ethyl acetate F&=)2o] WU A I3 AL
A: WEFE- A 2 T, B 500ppmA 2] 7%, C:1000 ppm ] &

2) F¥=d 24 =2 A8A

Filtered fermobended broth 12 1T - EvfOAc {12 L)
[ e
Upper loyer ( With ontibiobnc ooctivaty )
l_ s Tepecr
Crwde antibiotic principle { 2000 roag)
- S A W ——
PITT Y e ——
o477 T
[ T S N—————
P T ——

293 g

AT T T § - R S T——Y
Sl e i B Ry, BT R 0 R i
120 mge
o TR T R—— S 2 X
Py EBFL
=5 ing

Fig. 45. 2%} A A EA &,
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n| A& (Streptomyces griseus H7602) #1g o 12LE YA EE 3 & d oA HolE 121
2 FJAEHE FEIAT dEHAMHE FEE AL 2FFE 2g8 silica gel A7 =
FultE g9 E o] ga] AA dArt o] FAES Etyl acetate:Methanol (100:0, 80:20, 60:40,
40:60, 80:20 and 100:0;v/v) FAd o= wAE=RE HgPsFTt. ol 80:20 (Etyl
acetate:Methanol) &% W 8olA FTHAHE4 647 mgS L3, o5 ODS A7 A=ZvE
ale] A& thA] AAE AASAT. o] 542 Distilled water:Methanol (100:0, 80:20,

60:40, 40:60, 80:20 and 100:0;v/v)ZA oz wARE=Z Ha3HT. o] 54 60:40 (Distilled
water:Methanol) £%& #3oA] A E2 292 mgS AL, °]= Sephadex LH-20 Z
d ARvtETgud ALl oAl AAE AASATE o] 42 Methanol:Chlorofrom
(80:20, v/v)ZAF o= @Y &F o= HAASIAT. ZH7te) #9& tml¥ |, Fe
e A & FA S 7k 23S <=4 Thin layer chromatography (TLC)S A A&t}
olFA AL ethyl acetate:chloroform:formic acid (7:3:05 v/v/v)ZAH o0& A&t}
g sto] 3t FA FAME St @S Holv 4 2omgs

HE ﬂHN'

TLC %

4T

T 22
HPLCE &3 «=& &9l stk =5 &9l ¥ A3 Fig. 463 o] vF5 Azte]
306%<¢ @4 A & & 5 AdTh

Fig. 46. TLC & compound® HPLC Z 3}

HPLC= &<l3 vd EZS 1H-NMR (Fig. 114A) % 13C-NMR (Fig. 114B)%
GC-Mass #2413t A3} A 7)o 4 A3yl A&} o, 1H-pyrrole-2-carboxylic acid®
54 HAo (Fig. 47).

(A) 3 233

T T T T T T
170 150 158 140 130 1ze
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Fig. 47. %2 2 AAE compounde] H'NMR (A) ¥ C®NMR (B) 23

(A)

100 -
%
6
v 5‘51’ 0] oo s on w M XA WG W 6B 4 N 57 5 58
10 40 70 100 130 160 190 220 250 280 310 340 370 400 430 460 490 520
(®) 100 m
% 0
NH

\/ O

10 4 70 100 130 160 19 220 250 280 310 340 370 400 430 460 40 50

Fig. 48. 2] ¥ AA ¥ compound®] GC-Mass 2 3}

Streptomyces griseus H76022 €] 2|3t compound (A) and 'H-pyrrole-2-carboxylic
acid (B).

(3) 1H-pyrrole-2-carboxylic acid 33t &4
22 AAE 1H-pyrrole-2-carboxylic acidE P. capsici Akl 200 ppm SEE & 3+

O -

A3z Fig. 499 o] F-A gl el Bl wAZE 9ha) sojxl Zo] #F H v

N ®) Aot
t-\
¢ -'-I u "v
iy
o '
- r{f k "‘ IJ
1 . y
fx™.. "3
At '\\ ; "
il / T ;.l ; ‘{
. Q= O f
| e ¥y
i S '
’ N

: 0 51‘ Ty =i : ‘Y J
Fig. 49. %8 2 AA % 'H-pyrrole-2-carboxylic acid ¢ & <A,

(A) F#1¢], (B) 200ppm A 2]. Magnification bar is 10 um.

_90_



1;]_. VE=AE T E )\134

EIERS
Streptomyces griseus H7602E ©]&3 1F2E A S 935 X E(600 cm3)ol 600ge] &
& (soil: vermiculite; 2:1%, viv)E ¥ ¥ 4% 1FE &7 HAS F 2 3, 4, 55H A
Alg Zhzre]l Ayt M2 XxEY 50 ml¥ Agstanh. A7 657Ad 1159 W (Phytophthora

capsic)T 9 F+FAH1.0 x 106 FFA/ml) 50mlE HF3Act HYU7F dF 50, 3, 6, 9, 12
d A7 e AA E AAFT, B XA (root mortality), B3 A &4 (chitinase,
-1,3-glucanase) &< XAt 2 A3e Ao FAAZE SAS Z=139 91 HA
(2006)& AlFg3}e] 5% ol A Turkey's Studentized Range TestES A A5} T}

O nF4&E XE AF A+ 27

212l 5+ 1 (Control): =

AT 2 (GC media): A2tel /7€ v A

2] 3 (Fungicide): 335k, AN2", @sWol1= 1 g/L

27 4 (GC+H7062): Aetel/7|’ vl =] + v A E(Streptomyces griseus H7602)

* GC media Z24: ARAEZ 01%, Az 01%, &53H]5: 03%, 29 0.3%,

FeCl3 *« 6H20 0.003%, Yeast extract: 0.003%.

(1) Root mortality Z=A}
uFAEe] By XALE (root mortality) S ZAFSHZI18) W A3 (Phytophthora capsici
zoospore) 9 AFHE 1247b4 S4 stk 2AREY eyt @d & AlRbe] Al

wel mE AYFA B AA4ES FAEIGoU, AT e E nth vhAu 129
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Ao ®iE=npel zro] GC+H7062 A& 77} 7F4 wekow  Fungicide, GC media, Control
TOo 2 ZAEQT AyA oz GC+H70627F el XAHE oA eh=d Addst 237 &
Aoz s =AY (Fig. 51).

Contol -#-GCmedia —a—Fungicide GC+HTO62
4]
= L
= 70 4 _'_.--*‘
_ -
= 60 | A
T 0 1
= 40 + ;fa"-r -'l'- T . ;
s f 1
e 307 l/ ¥ f 1
20 L5 =W |
10 }”ﬂj I
1]
1] 3 6 p i2

Days after infection

Fig. 51. @5o| w2 A 7+3d 313 2] XALE.
=,

Control: GC media: 22}&gl/71€l 8] %], Fungicide: 4% <, GC+H7062: A etel/7] &l

AL A3 Fig. 52014 B vpep o] 394 7MA+= EE A3t 414 Fedo] ¢
AT 9D A 12U A 7+A] Control ¥ GC media®t Fungicide ¥ GC+H7062 37+
o] & Xt} Fungicide®t GC+H7062 1+ o2 gldlth. GC+H70629F Control 2

=

GC mediazte] ¥ AzZtwe] zpol= tief 2% AL o7} e Ao ZAE o ATt A
Ao GC+H7O627} Fungicide?} A4 Zo|7F glSA == ¥ HAS oA st=d a7}
AE Ao E AR H QT

B Contral BGC media BFungicds BGCO-HTE

Dhimews e wevelrity (")

Fig. 52. @#ell m& A2l B A= 2AL
Control: &, GC media: &eH&/71€ ¥#], Fungicide: %78 F, GC+H7062: Aetd/71€

o ]+ v] A
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(3) et AFH A L AEF A

A5 =7 FAYE WA (Phytophthora capsici zoospore) 3+ A ZHE 12U 71X
=7 sATh Fig. 53A¢} BolA R niepgo] 12dAlo £7] AT BE AT F
GC+H7062 A&7} 7hd=skgivtolyel A4 FodxE ®HArk GC+H7062 A2 +&
A ele =7] AAFLE GC media, Control, Fungicide <=2 et} o]zdt Ay= GC
media £33 FEo2A 77} dASA SR AR FH Y, Fungicide 8 1+ 2Fsfol 23 o
Fol AMSA R AlRdAY. 7] AATAME AATAA S} 2 AdS Y. 2
A o2 GC+H70627F WS oAst=H S Entolye}t FFowx e 7HA7F sle A
o2 AFRE AL

YU
s
N

(A)

Control 28.39* 28.83" 34.132 33.09% 32 7Qbc Control 2,758 e AR v N o e
GC media 7S || B2RsY [RST6Y | B5.62% | 34520 GC media 2.98"  3.78 445 4200 4.12b
Fungicide 2837 2942% 3198 3125 30:86° Fungicide 20600 297 3068 351> 319
GC+H7602 31.55% 32.97* 35.02® 37.72* 38.31° GC+H7602 3.14*  3.73* 4.88%2 5.18° 538
LSD (0.05) 4.95 3.78 4.86 3.89 3.16 LSD (0.05)  1.03 1.43 1.43 1.04 0.89

*Means with the same letter are not significantly different at P<0.05 when compared
by LSD. Treatment means are the average of three replicates.

Fig. 53. A A AAF 2 AAF .Control: &, GC media: A2tel/7]9 wj#], Fungicide:
HAdE ek GC+H7062: Agtel/71'l v 2| +1] A &

e
)

AF2AE] B EA= WA (Phytophthora capsici zoospore) 4 A3 HE 1297}
=74 skt Fig. 54A¢ BelA] Hye npehzo] 12dAo] B AAFTES e AHIYT
GC+H7062 A&7} 7HEsksitntolyel 414 #9484 %= BEAt. GC+H7062 A2 7-E
A Qe Z7] AAZFE Fungicide, GC media, Control <22 et e AxSFoA =
AAFAMY} 22> AFgFS el d3H oz GC+H70627F BS SAst=d a4 4d
Ertolye} FromM el 7HX7F = Ao E AR EUATH

@) el MAE (g (B)

of

A

Control 3.43* 393" 502" 451°  4.08° Control 0.36° 041> 063 0.62° 052
GCmedia  421* 442% 563 5230 460 GCmedia 054* 058 087% 0.73% 0.68°
Fungicide  3.40* 3.97° 5660 533 523 Fungicide  0.38  0.50® 0.83® 0.78® 0.76"
GC+H7602 4.23* 492° 6.01* 631* 638 GC+H7602 0.55* 0.67° 0.92° 0.92° 0093
LSD (0.05) 1.09 087 066 065 0.7 LSD(0.05) 120 021 027 013 0.12
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Fig. 54. 2] Al 2 AAF

Control: &, GC media: A2t€l/7]19 ¥} #], Fungicide: &5 ¢k, GC+H7062: A2&l/7]€
Y A] + 1] AY &

(4) 9] chitinase and glucanase &4 %A}

DFAEA oo Ha|iAl a4 chitinase &2 GC mediag A&t A A
TolA 27 ZFEFH 1244744 St (Fig. 55A). 1294 chitinase €432 Control,
Fungicide, GC media, GC+H7062 %2 =4 eyt =3 WA 849 glucanase
A2 GCHHT062E A &gt v =] AgTFolA 27 ZAFH 6474 F7Fetdvh7t, 9
AA 74 F 1294 H1 A4S Jebdlth 1294 glucanase &4 S Control, GC media,
Fungicide, GC+H7062 2. & ettt (Fig. 55B).

(A) ~-Control =#-GCmedia +—Fungicide GC+HT7602
?90
= T
Fb:‘ﬁ',"S Z &
b
£ 60 —— 1
i / K s
£ ° i
2 45 V-
: Se——t,
- : :
E 30
= 0 3 6 9 12

Days after infection

(B) Control =@-GCmedia +—Fungicide GC+HT7602
160

4

120 - I

Glueanase activity in leaf
{unit/gFW)
(=]
(]
H—t

40

po13 -

Days after infection

ok

Fig. 55. w342 99
Control: &, GC m

) 4 ) A2

3l B} 4] & A (chitinase and glucanase) &4 XA}
a }]

dzlel /7|8l v *], Fungicide: $7d 5 %F, GC+H7062: Agtel/71€

&

e
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(5) 2] 9] chitinase and glucanase &4 ZA}

Fig. 56A°l A X &=npe} o] nF2pEA] e Ao WawAl 42 chitinase 842 %
7] AN 39A7A BE At & e W gldlen, GC+HT062E Al¢ek i
w2l Aol A 39A o] F Aol wrolA|trt 1290l 7] FFAET WA YEw
1294 chitinase A2 GC+H7062, GC media, Fungicide, Control <22 =4 e
wek oA WA E49 glucanase 4L Fig. 56BolA ¢ #Zo] Control}
Fungicide A 2]7FellA A Brh 1294 a4 o] vA yepbdth 1294 glucanase
g8 GC+H7062, GC media, Fungicide, Control <o & =4 UEstth Az og ¥y
o A1 9] chitinase ¥ glucanase A o] GC+H7062 g oAl 714 =A Ebykar, Fig. 51
I 520l A oF o] Byl XALE, B A molA tE Aol BlE 9A Yt Aow B
o olelgt WA T4 o]l TS I FHOE AIREHUT

ot rlo

(A) Control —8—-GCmedia —4—Fungicide GC+H7602
g 60
=
gn 50 I
3 ap 1
5 S S 1
B 40 — pe————— —,
= L I | h"«.ﬂ :|:
= T 13{.-"-——-%'
B30 -
= & +
E ag
o 20
£
E 10
= 0 3 6 a 12
Days after infection
(B) Control ——-GCmedia ~——Fungicide GC+H7602
200
Bo
£
e kB0 T
: e
= 160 L
z T I i
= I f,_%”
= 1 +
SZ140 |88 R % 1 "“\.;i
a = J; =+ r F
- L P
120 L 1
= 1
= 1
ey 100
b 0 3 6 9 12
—_

Days after infection

Fig. 56. 11528 ] o] WajHtA] & A (chitinase and glucanase) &A A}
Control: &, GC media: A2t€l/7]190 v} #], Fungicide: &5 ¢k, GC+H7062: A2&l/71€

o 4]+ v A =
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(6) £ W chitinase and glucanase &4 ZA}

EF oMo e Al &4l chitinase &4 7] #AFH 64A7MA] BE A3t
ehvbsl WeZ S Thhow RE AP TolA 1294 7] AEAEG B SA4S 1A
o} (Fig. 57A). 12¢€ 4 chitinase &4 GC+H7062, GC media, Control, Fungicide 2. &
=7 YERSEE glucanase &4 9 27] #ZARH 9 AR EE A3 ¢vksk ®AE
5 7HHem, 1294 glucanase Aol x7| ARG BEE A golA wkow,
GC+H7062, GC media, Fungicide, Control <2 & =4 Yyelyt} (Fig. 57B). 23 Ao &
Eo A9 chitinase ¥ glucanase &4 o] GC+H7062 A8 oA 7F4 = A e, Fig.
513} 520l A &} o] g XVPE A A e Aol Hl&) 2 YEd A=
o W

[o

O =4
ol o3 =gl WAl A w2 DA dFS VI Aem ALREIT
(A) _—+-Control =8-GCmedia -—+—Fungicide GC+HT602
E
é 20
=11
:E 18
£ . M"“'ﬁ*‘-«-‘ %\\
=
£ 14
£ .
) i =
2 iz
=
=1
2
8 10
0 3 6 9 12
Days after infection
(B) ss—+— Control ~#-GCmedia —+ Fungicide GC+H7602
E 20
E 17
=
= T
s _ T +
22T 1 i
S [
2 b — -% 1
E 11 ol
& : T i l ~
£ £
e
1 g il
m-\.
= 3
0 3 6 9 12

Days after infection

Fig. 57. %W W& Al &4 chitinase(A) % glucanase(B) &4 ZA}
Control: &, GC media: A2}€l/7]1¥ vl #], Fungicide: 4% %, GC+H7062: A}l /71€l wj x| +0] A &

_96_



A2 A AxuAE ZddAn] A3t A
1. AxAAE St Az A+
b ARCEGEA sk REFES o] 4F AxvAE BN Az 2 £
Rl e AEE Table. 99 2o A o= 6719 AT F+E FASY 7154 AE
(KWN38)S &3 & 747t vl (Fig. 58)3+4] cellulase €4S ZAFSFS T
Al 1M Fresh grass) %
XD S EEAY|
Fig. 58. A xu| A& =3gtln] v 5
Table 9. x| AE E3FAH] 2K
x| ¢
4 T1 T2 T3 T4 T5 TG
AT Urea | 20% [60% | Urea | 20% | 60% | Linea B | Urea § 200 Urea | 200% | 603 | Urea | 20% | 60%
Fertilizer . el Il v [l i i L:m PO o | » e |elm|e|x
recommendation
["PH,EIITI?. E:I 0.0358 0.11 |0u2| 0.07 |0.22 0.0 ) 0.14 | D44 | 0.08 |12 {044 | 0.0E D28 |08 |06 (028 |0.EB |0.16
Grass dry wt 0.375 0.75 15 3 B 12
Grass fresh wt 1.115 123 448 842 17.8 356
Mg SO, 0.10% 0.10% 0.10% 0.10% 0.10% 0.10%
Ealfi_;_ 0.10% 0.10% 0.10% 0.10% 0.10% 0.10%
Yeast 0.01% 0.01% 0.01% 0.01% 0.01% 0.01%
Distilled water 100 ml 100 mi 100 ml 100 ml 100 ml 100 ml
(1) Ax%7} cellulase ZAlo] wE v A€
cellulase &Ao] 714 =2 T5 g7 ZFAo] Table 103 Zo] HEoRo=m neg i
(geHd, ofd), AT 9 Aty 2@ 7 A TER 1 FE T2 Frlee A
TE AR AZNARETAN R 23 AFL SR



= 0rH = = = I F S T
Table 10. RS UE F7bol 2 HEuHEE3Han] 2%
TS HH | d@ E Cistture Coanpomse
I TH1 TH2 T3%3 T4 T35 T%6
Graua (FW]* B itk 1YE 178 178 138 17E
Culture componants TS
Urea B 0.28 0.28 0.2B .28 028
Fartilizer Livea) 20% | 60%
recommendation | [P | ¥ 0% P B 0HE  OBF OGBS 088 O8E
[M-PK=21:17:17)
0.2310.88)0.16 B0 K E 0.6 0,15 e 0.6 16
Mg 50 B 151 o1 0.1 0.1 a1
Grass dry wi 6 g
Cacl, E 0.1 0.1 0.1 a1 .1
Grass fresh wi 17.8
Toast E 0.01 ooy o1 001 00a
Mg 50 0.10% Sodium Malyk N - .
B 4 4 B 0.005 0.00F G005 D005
data
Call, 0.10% Zinc Sulfate E 0006 0006 0006 O0.006
Chitin powder g o oD% ODE
Yeast D.01%
Grelatinpowdor g 001 0.02
Distilled water 160 ml
Dintilled watar ml 100 1040 100 1060 100 100

(2) WA G e FeE FEE FdDE A
]_

AZNAAEETFAN T E 747 gt & Fe5de Faesz FE239 749 w532
paper discH 2= R. solani AG-1(IA), F. oxysporum, P. capsici®} #<2 2]&E4 HATS

Wow BB A5,

(7V) R. solani AG-1(IA)° o —ir 3

R. solani AG-10JA)E Wy oz &t Jt A3 x5 C(butanol)oll H] 3|
Az AEEFAN T o] FaSFE5E A7 S WFFos HAddo #AE o ZehA]
5313 th(Fig. 59).

T5-1

T5-4




(W} F. oxysporum °l o

W ) ZT C(butanol = &])ol uvla] A

=
=

F. oxysporum

s A tH(Fig. 60).

SR

T5-3

T5-2

T5=1

T5-6

T5-5

T5-4

Fig. 60. F. oxysporum °l W

A

(th) P. capsici 9 T

7} iz C(butanol)oll 13| A

4

?l,

g

=%
=

el

-

=
=

P. capsicr

Bl

% tH(Fig. 61).

T5-3

T5-2

T5-6

T5-5

T5-4

Fig 61. P. capsici ©| ™
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7t =38l paper discHOZ R,
HAds ez zF W] HAAA A&l

5 E R B

Inhdbition distance [mm)
- =]

()

=]

o A A

F. ayspaium

Fgol AFelA

=

T

P mpsicl

o -1

Ree g 53}
solani AG-1(IA), F. oxysporum, P. capsici =&

gEd S 543 23+ Fig.

mT5-1
mT5-2
=753
mT54
w155
B156

BESYgE o E gekst 49 dAd S =43 23 chitinase®t B-1,3-glucanase®] 7
= AYFE ALY Zeol7b yERA %Q}OU%(Flg 63 64), protease-J 45+ TH-6A42
oA wlF 3UA ] T2 A Fo HlE] =2 A4S eI & A uE Ay TFE

)
o Mg 2492 Yeh o (Fig. 65).

QO chitinase &4 =4

Chitinasa activity (Unit ml 2h 1)

a 5
Time of incubation |day)

chitinase &4

- 100 -

=—T5-1
-a-T5-2
=a=T5-3
—=T54
=—=T5-5

- T5-6



3 5
Time of incubation | Day}

Fig. 64. A8 %9} B EFYE o] upE B-1,3-glucanase &4

O protease T =A

Pratease activity {Units mt5h)
F
5

Fig. 65. Az B F g ol

—~

>~

SN—
j=s)

HA =gl wE IAA 54

3 5
Time of incubation [Days]

£ protease &4

Fig. 66. HPLC AZvlE 13 &

——T5-1
~—T5-2
~+~T5-3
—Th
—T5-5
- T5.6

Indole 3- acetamide
{100 ppm)

o] 83 Az AREZNN T o] IAM &l
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4
3 7z A s 2 o7t vehgzl kgt

e+ T-N P,Os | KO CaO | MgO | B,Os | MnO Zn Mo Cu Fe

(EH2D % ppm

T5-1 01 005 |015 |0.02 |0.02 0.02 |58 2.0 0.7 9.2 1433

T5-2 02 |01l |024 |0.13 |0.06 003 |77 8.5 0.3 121 | 2239

T5-3 03 |01l6 |021 |012 |0.04 0.06 |66 159 |165 |82 116.9

T5-4 04 1025 024 |023 |0.08 005 |106 |180 181 |71 2395

T5-5 0.4 015 |0.21 |0.13 |0.05 0.05 |58 172 | 169 |94 148.6

T5-6 0.3 016 | 021 |0.13 |0.05 004 |70 174 170 |64 165.2

U Az BSYES o83 Axnds S Az
AzxvAzeddgna 2 i

(F=dA 2011 114
027-¢ 2012 01¢¥ 029) T

bl 5)el Table. 129} %ol
debel BUg 7 qYd 2o S

74 ol AE(KWN3S)S HEe Al Zu 42 Egteln

o

g Dol .ﬁ i M M= w

2 1]y| COMTSH COMT
A~ o s |
st jrov 2 Y 89 M Ures| 204 | 60 u.,,]m:,. 50% sl g [ive |i78 |17.8 (178 178
{ ecommen | o | & | g .;m.1 F | x Wi

| daticon e bl it ||RIY) I I
[M:P:K= .! Sodium
0.14|0.44/0.0880, 2800, 881016 2 o
sogmtt | 2117:17 24 Mokt | g 2,005 | 0005 | 0.005 | o.00s
alybdete - .
ate

Grass dry w 3 6
- Sultat o006 | 0,006 ) ! :: el I 0,006 | 0.006 | 0,006 | 0.008

Grass fresh

o 7

s a.92 17.8
chitinpow | | oo | oibe el I 01| 000 | 008
der Mg 50, 0,10% 0.10% e
Galatinpa . i | wi Call, 0.10% 0.10% Glatin ool | 0o
wikes poses

Yaast L% 0.01%
pistitedw | | jan | g Distilled | ) |ioo |10 |00 |1ma |100
aber walsr
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-

(1) A=A e cellulase &4 A
HZEorR ok w2 MZulMEESAU 19 cellulase T4 W3}
o] #Ao] T4e Ao Hl& =gtom T59 cellulase &4-S O
& =3(T5-ds A9 w438 A vh(Fig. 67).

e 543 23 ToA
Hat 3d Aol &de] 7t

0.014

0012 -
=
ke ~T5.2
E 0.008 Bl
= =~ T5-C
=
S 0006 -
= —T5-d
s TS
g 0004 - e
= —-T4-a
3 0002 Tab

0

Time of incubation [Day)

Fig. 67. 5% E o] wE X AEET AU cellulase A W3}

‘@Z”]"gi &l vl T4 v & Asds Fe FZ35te] 7 BEsta
paper disc 0.2 R. solani AG-10A), F. oxysporum, P. capsici 254 HATS Ao
2 FFRNS =gaAr)

O R. solani AG-1(IA)°l] d]3g F

R. solani AG-1TA)E tdo = ?'{}ﬁ b A& oFgke] Ab
ol AUAR HAH o7 R (Fe Z3rAnI e K
GEFEE HYTFO) TR YAt Azfo] AAHS Zelst

A tHFig. 68).
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o

Fig. 68. R. solani AG-1(IA)°] o

o 2=+

Q F. oxysporum °| W

I} T5-a,c,e®t T4-bA 2] FolA Hx

T

F. oxysporum

218kt v (Fig. 69).

T5-d

T5-c

T5-b

T5-a

T4-b

T4-a

T5-e

Fig. 69. F. oxysporum °l| Tt

Q P. capsici 9

=
=

P. capsicr

FAoH(Fig. 70).

S

o @A AetA E

|

T5-d

T5-c

T4-b

T4-a

Fig. 70. P. capsici ° W
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0

—

2 FE3e] 7Y =33l paper discHo® 2 EA
oxysporum, P. capsic)< W7oz TAAE JASS %3‘} Ec}ﬁ%“é% =% 734“
Fig. 719} #Zt}h. & W Adto| vs P. capsiael thsk
T5-ex & 77} At HelA tr& Azl vl

8
j 4
[ BT5a
mT5-b
5
W75
4 mT5-d
3 B 152
BTd-a
2 nT4b
1

R. soloni F. axpsporum P. capsici

-
[}

Inhibition distance {mm)

2 o wael B4 49 A chitinase B4 T4sh T59] Aol

Qo ZF AT 2 ZolE Kol &ki(Fig. 72) B-1,3-glucanase &/ T49] &4
S AZto] AGFFE HHHog AL FUhek=dl HlE THA el = SYA A Frte et
olFR i A 71

Fo Bolud oy AT 7o Aozt yEruA egkow(Fig. 73)
a 77}1] ﬂﬂ?ﬂ gdo]l A8 vlzetthrt 5 o] Fo Th-e, T4d-a A

-
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O B-1,3-glucanase &4 =4
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Table 13. H&5 %

(AEF%)
To-th =+ 2.2%
THh-a 2.0%
T5-b 2.0%
Th-c 2.3%
THh-d 2.2%
THh-e 2.5%
T4-) =+ 1.2%
T4-a 1.2%
T4-b 1.09%
HSYE o 2 EEAAS ZAE 23 2 AgadaE & 2olE YepgR] &
(Table. 14).
Table 14. BEUYE Yo w2 FEEA A Ay}
Xe| 7 T-N P.Os | K;O CaO | MgO | B,Os | MnO Zn Mo Cu Fe
(EFD) % ppm
T5-a 0.2 0.16 0.24 |0.08 0.07 0.02 4.6 1.2 0.5 9.8 98.3
T5-b 0.2 0.14 0.26 0.07 0.06 0.04 4.8 18.8 174 9.0 73.0
T5-c 0.2 0.16 0.23 0.10 0.07 0.02 5.0 14.8 17.5 7.1 121.1
T5-d 0.2 0.17 0.26 0.12 0.08 0.03 5.5 16.3 18.1 7.8 103.2
T5-e 0.2 0.15 0.25 0.09 0.07 0.05 9.5 16.9 195 7.5 93.6
T4-a 0.1 0.11 0.17 0.10 0.05 0.02 3.4 16.1 18.9 9.1 59.0
T4-b 0.1 0.09 0.16 0.07 0.04 0.05 4.8 15.9 19.5 10.6 100.5
6) 2=9 cellulase 4 ZA}
cellulase A& %0 W& fo]= Ho|x dth(Fig. 75).
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(7) == Fes FE525E o84 AL
AW B EEFAH T (T5-e)ol 7]
2A 74 g F Aeds
solani AG-1(IA
S48t

HEst] WYg2=E 20T, 30C, 40C=
%3}l paper discHOoZ R

> d
, F. oxysporum, P. capsici ¢} & 2&A 1S e s g s

~—

O R. solani AG-1(IA)°] W3 F&&FE=E9] dvdAd 54
R. solani AG-1JA)E Aoz i adA4dsS =43 At 7]%"3“]@%9‘ HqEehA &
< controlell B]3l] 715 AE(KWNIR)S 5 Est A 2ol A Iy 5
g A oAl Holst IS Bt

3] 7l AES HAEst] 30TColA wjgst
(Fig. 76).
N
CONTROL
KWM38

Fig.76. R. solani AG-1IA)°] th

O F. oxysporum o W3t FE&FEFE9] gty =4
F. oxysporumE g o2 A4S SAH Ay AAHdoz 7sAvAES HE5)



A & controlol H]&] 7] TV A E(KWN3)S HES A FolA SHSaHS HIo

=

o Wik ol uE ol HolA &ekth(Fig. 77).

T 20°C | 30°C 40°C

CONTROL

KWh38

Q P. capsici o 3 He&FEE0] arady =4
P. capsicis o2 A4S =4 A} 7)sAAnA
of vl 715 EKWN3R)S HEs AgFolA Fadd
nAES HEste] 30TAA m e A olA Holgh gdddS HATHFig. 78).

T 20°C | 30°C 40°C

CONTROL

KWHN38

Folo] wlF=E=E 20T, 30T, 40T
3to] 7+t T =3kal paper discH o
P. capsich)& 4oz AR
3t S S =A% Ay Fig. 383 2k R solani AG-1(IA)%F P.
g3 A3 30ToAA wgd A Mg F2 gAes B F

el
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oxysporum® 74§ T3 &=
AT A B AAES
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= P, copsici
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Fig. 79. wi¥-&% Afolo] wE butanol FEE°] MUY FFo] AFAA &3

r-\

]) &5 JAA =4
2% mE JIAA A d¥E HPLCE o] &39

B shAl skt

o

e

&

23 2E ATelA IAAS

9) 2= 4 2L AxEIE 54
2Eo W2 Ax BIE&S AT 2y 7Y E(KWN3R)S HE3Fe] 30Tl Al Hj
Gk A FolA M 2 JFUIESHS Ko 30ToA mjYsts Aol Ax Eal& 9
oA FIAolgtar FEHE A H(Table. 15)
Table 15 | e AxENE S A3}
o 5] XL} 2k
EEE! ‘IT_7]EZU 3
(dEF%)
A Zm) A5 E gkl v 1.1%
20°¢
A Z 1) Y B gl n] + KWN38 0.8%
A Z 0] A& Z 3| 0.6%
30°
A Z 1) A 5 & 3ol u] + KWN3R 0.5%
A Zu] A B Z 3ol 1.6%
40°
A Z 1) A B 58 ol B+ KWN38 1.1%

exd] WE FREYL 2AG A% 7 Y eEuE 2 AolE ehid wdt
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(Table. 16).

Table 16. 2o W& SFEEAX ZAL Ax
A T-N | PoOs | KsO | CaO | MgO | B:Os | MnO | Zn Mo Cu Fe
(+9)) % ppm
Az A E
. 02 006 |028 |003 002 001 |31 133 | 180 |46 62.9
Eghon]

20° yEwaE
=3 on] 02 003 [028 |001 000 003 |[1.0 9.7 189 |29 13.8
+KWN38
Az A&

02 1009 |027 |006 003 001 |35 152 | 179 |47 416

&3l oln)

0" AT
E3hon) 02 1009 |028 |005 003 001 |30 150 | 184 |37 31.7
+KWN38
A zn) A=
. 03 015 031 |010 006 |001 |48 153 179 |29 74.4
Egon]

0° CyEaaE
Eghon] 03 |[011 [029 |007 004 |001 |37 146 |184 |35 786
+KWN38

(10) =¥ g428A4 =4

22 wE gt g4 A4S

Chatinase actieily | Unit mlth g |

(4]
[+15
0.4

ol

3 5

Tirvee of inculation [Day)

Fig. 80. =%ol w& chitinase 4]
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1€ WeEb A &tk (Fig. 80, 81, 82)
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Fig. 82. &% W& protease 454
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2. AxuAE Egdd] AxFH HA3} AT
A} AR T AZBY A4S AT
7154 A E(KWN3R)S o] &3t Agd 8 AxvAdE SgAd] Az 2442 Table 17
¥ 2o, Zhzbe]l dxe] T we Az stglon, 7P AAE(KWN3)S 1L 7|+L
2 ImLE Edate] dulE Az Sk = Edn Azo o] JrdAE P wE A
GAsol viste] Fitzate AAste] Agatach
Table 17. Az AE E3FAn] Az =4
Ingredient Amount(g/L)
Grass FW 178
Urea 2.8
20% P-0s5 3.8
60% K,O 1.6
MgSO4 : 7H20
CaClz : ZHZO
Yeast 0.1
Sodium Molybdate 0.05
(NaQMOO4 ’ 2H20) '
Zinc Sulfate
(ZnS0Oy4 - TH-0) 0.06
Chitin Powder 0.8
Gelatin Powder 0.2
AN ABEKWNIRS o83 484 2 Axr4R SFue ogulg Brte 58
4 BAe W HEE $4S vk 89y 24 FRoRE pH, A7 AEEEC), AHsd
LA L(ORP), 8423 H(T-C), A A3(T-N), C/NH], 212HP205), ZH&(K20), 9+E Yo}
] A A (NH4+-N), A2 A A (NO3—-N), 2232 a(Chlorophyll-a)& &3 ¥525 AA3}
Fom HE A FA3E v AW Fite] A5t tHTable 1-1-2).
Table 18, Az 0] A% E3relu] BAuY,
Parameter Method Materials
Temperature - Thermometer
pH pH meter pH meter(Orion 920A)
EC EC meter EC meter(Orion 170)
ORP ORP meter ORP meter(Orion 920A)
T-N Kjeldahl distillation Kjeldahl Analysis(Velp DK20)
P05 Vanadate UV Spectrophotometer(Carey 100)
) ) ) Atomic Absorption
K.0 Atomic absorption analysis
Spectrophotometer(AA280FS)
NH, -N Indophenol UV Spectrophotometer(Carey 100)
NO; -N Brucine UV Spectrophotometer(Carey 100)

Chlorophyll-a

Absorption photometry

UV Spectrophotometer(Carey 100)
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Table 19. <% Hu|s} & vl

Condition DeC(?mDOSitiOIl pH EC ORP - T-N C/N P205 K20 NH; -N NOs -N Chl—a3
periods(day) (dS/m) (mV) (%) (%) ratio (%) (%) (mg/L) (mg/L) | (mg/m?
0 6.706 3.3 313.6 1.61 0.06 26.8 0.01 0.08 38 19.2 2,995
o 5 6.101 9.7 -224.8 1.61 0.06 26.8 0.01 0.08 111 16.3 7,590

=
; 10 6.004 11.8 -235.6 1.60 0.06 26.7 0.01 0.08 152 11.7 8,024
15 5.776 11.9 -262.5 1.58 0.06 26.3 0.01 0.08 244 10.0 8,922

Anoxic

i 0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3,634
z 5 6.921 14.8 -171.8 2.19 0.22 10.0 0.05 0.20 557 18.6 38,89
% 10 6.552 175 -203.4 2.08 0.21 99 0.06 0.20 680 16.7 9,708
" 15 6.272 18.1 -218.0 1.97 0.21 94 0.06 0.19 1,063 15.3 10,468
0 6.706 3.3 313.6 1.61 0.06 26.8 0.02 0.08 38 19.2 2,995
o 5 6.910 55 171.6 1.56 0.06 26.0 0.02 0.09 291 16.3 23,008

=
; 10 8.069 7.1 914 141 0.06 23.5 0.02 0.09 436 12.2 10,100
. 15 7.529 85 44.8 1.38 0.06 23.0 0.02 0.08 512 11.0 6,219
oxie . 0 7.102 9.4 330.0 2.19 0.22 10.0 0.04 0.19 447 204 3,634
15;} 5 7.561 114 141.9 2.07 0.22 94 0.03 0.20 393 20.5 29,552
% 10 8.110 12.4 48.1 1.28 0.19 6.7 0.03 0.19 1,048 209 14,546
" 15 7614 13.6 15.6 1.08 0.18 6.0 0.03 0.18 1,090 21.8 6,607
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vold A4 AbelE wWalgd o Oxic AFE| el A

pH= A+

o] Zojd5 pH7} ZobAIt 10¢

o] FHREI = M dolxE A3E Yl H(Fig. 85).
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Fig. 91. H-<Zx7¥ NH, -N #H]u

(o}) ¥%z=A¥ NO; -N 23

BezaAdE NO; -N 224243 Oxic AHE Y &3tav)o] vk NOs -N7F <5770 &
oqd = A FUbe sl AaksteE A douA] e Aoz AdEo(Fig. 92).
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o] AAg= 7154 AAE(KWN3S)= A&d A= 9 BE
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9t &Egtinlo] 12.87503 g/Nm' - Air®Z LA = EEA7(IN-2000, AHHAE(F)E
o] g3tel §3F ALPMOZ 587 0F& FUsAth P4 AAelT ANG SFolulo|
tato] At 2 2.1 x 107CFU/g °lgleH, Hits

o

3 2 S 3 EFdn] B o FES FYS St o
B2 o] AEst e AR Yt

| 71%F 0.4L/min - L, 18 40rpm
gL AHlgt g&S AYHE7] 9
A& A= Table 200 YERH T

Table 20. AA 2= An|s} & vl

Condition Decomposition o ig . ORP | T-C | T- C/N | P,Os | KsO | NH,/'-N | NO;-N | Chl-a
periods(day) b m) (mV) | (%) | (%) | ratio | (%) | (%) | (mg/L) | (mg/L) | (mg/m?
0 6.271 95| 3255 | 211 | 018 11.7] 0.05| 0.19 439 22.8 5,236
5 708 | 131 | 1356 | 205| 018 | 114 | 0.06 | 0.19 872 226 | 22,379
Ozone
10 8102 | 135 415 | 145 | 017 85| 0.05] 0.18 1,011 235 | 12,891
15 7713 | 14.1 131 | 1.21| 0.15 81| 0.04 ] 0.18 1,042 23.9 6,589
0 7.102 94| 3300 | 219| 0.22| 100 | 0.04| 0.19 447 20.4 3,634
. 5 7561 | 114 ] 1419 | 207 | 022 94 | 0.03| 0.20 893 205 | 29,552
Steriliza
tion 10 8110 | 124 481 | 1.28 | 0.19 6.7 | 0.03 ] 0.19 1,048 20.9 | 14,546
15 7614 | 136 156 | 1.08 | 0.18 6.0 0.03] 0.18 1,090 21.8 6,607

@ A% RENES Fo2A BF o dvtely

%
94E pHAb EolAT 102 ol FRE = pH 44

i ) 201 e

== Siterilization

5 10 15

=

Dacompaosition pariods [day)

Fig. 94. ®dA¢] =28 pH wlal
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(vh) dA2 =1 P0; 23
A z=04 PO; B4 23 dxex=x1d e P05 AHols=
5717kl w2 POs9l WBte A9 gl Ao YEEt(Fig. 97).
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Table 21. & 7154 0|5} & HlwL

Condition .
(L/min Dec?mposltlon ol ]*?C ORP | T-C | T-N C/N P05 | K2O | NHy'-N | NOs -N Chl*a3
D periods(day) (dS/m) | mV) | (%) | (%) | ratio | (%) | (%) | (mg/L) | (mg/L) | (mg/m’)
0 7.102 94| 3300 | 219 | 022 100 | 004 | 0.19 447 204 3,634
5 7.561 114 | 1419 | 207 | 022 94| 003 | 020 893 20.5 29,552
o 10 8.110 12.4 481 | 128 | 019 6.7 003| 0.19 1,048 20.9 14,546
15 7.614 13.6 156 | 1.08 | 0.18 60| 003| 018 1,090 21.8 6,607
0 7.102 94| 3300 | 219 | 022 100 | 004 | 0.19 447 20.4 3,634
5 8.244 11.7 | 1671 | 183 | 022 83| 004| 019 1,095 21.7 25,425
o 10 7.550 13.7 577 | 1.01| 020 51| 004 | 018 1,204 22.3 12,379
15 7.187 14.5 184 | 080 | 0.17 471 003 | 017 1,235 242 11,390
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Table 22. 71573 v A &=(KWN38) 4 &=

Hn[3} &4 Bl

Condition | Decomposition EC ORP T-C | T-N C/N P05 K:O | NHy-N | NO3-N | Chl-a
(mL/L) | periods(day) | P& | (@S/m) | (mV) | (%) | (%) | ratio | (%) | (%) | (mg/L) | (mg/L) | (mg/m®)
0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3,634

5 8.561 10.5 161.4 2.02 0.22 9.2 0.04 0.19 997 20.8 24,633

0 10 7.900 13.1 60.8 1.19 0.19 6.3 0.03 0.18 1,146 22.0 12070

15 7.043 14.3 35.6 0.99 0.17 5.8 0.02 0.18 1,196 23.7 11,094

0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 204 3,634

5 8.244 11.7 167.1 1.83 0.22 8.3 0.04 0.19 1,095 21.7 25,425

! 10 7.550 13.7 57.7 1.01 0.20 5.1 0.04 0.18 1,204 22.3 12,379

15 7.187 14.5 184 0.80 0.17 47 0.03 0.17 1,235 24.2 11,390

0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 4477 20.4 3,634

5 8.486 11.9 146.4 1.86 0.22 8.5 0.04 0.19 1,052 215 25,725

: 10 7.834 13.8 51.8 1.04 0.19 55 0.03 0.19 1,235 22.8 12,383

15 7.007 14.9 176 0.94 0.18 5.2 0.02 0.18 1,270 24.3 11,739

0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3,634

5 8.153 12.3 138.2 1.90 0.22 8.6 0.04 0.18 1,053 21.7 25,394

! 10 7.163 14.2 41.7 1.05 0.19 55 0.03 0.18 1,272 23.6 12,862

15 7.244 15.1 194 0.95 0.18 5.3 0.02 0.18 1,250 25.0 11,767
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Table 23. $H2x™ dAn|3} g8 Hlu

Condition | Decomposition EC ORP T-C T-N C/N P20s K:O | NHy-N | NO3-N | Chl-a

(T) periods(day) pH (dS/m) | (mV) (%) (%) ratio (%) (%) (mg/L) | (mg/L) | (mg/m?

0 7.102 9.4 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3,634

5 8.644 11.7 167.1 1.83 0.22 8.3 0.04 0.19 1,095 21.7 25,425

20 10 7.550 13.7 7.7 1.01 0.20 51 0.04 0.18 1,204 22.3 12,379

15 7.187 14.5 184 0.80 0.17 4.7 0.03 0.17 1,235 24.2 11,390

0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3634

5 7.941 14.9 103.7 1.14 0.22 5.2 0.04 0.19 1,249 23.5 26,379

v 10 6.981 12.3 95.6 1.00 0.20 5.0 0.03 0.19 1,297 24.3 18,435

15 6.881 10.0 74.3 0.83 0.18 4.6 0.02 0.18 1,306 25.0 12,876
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Table 24. %47 H 2 g wg o

Condition Decomposition I EC ORP - T-N C/N P05 K:O | NHs-N | NO3-N | Chl-a
periods(day) p (dS/m) (mV) (%) (%) ratio (%) (%) (mg/L) (mg/L) (mg/m3)
0 8.846 11.0 325.3 2.58 0.23 11.2 0.04 0.19 1,054 18.4 7,924
5 8.170 13.3 149.3 2.32 0.23 10.1 0.04 0.19 1,357 20.0 32,091
Sterilization(X)
10 7.679 14.3 1215 1.38 0.19 7.3 0.04 0.19 1,509 21.5 32,932
15 7.215 15.7 56.3 1.16 0.17 6.8 0.03 0.18 1,644 22.3 26,304
0 7.102 94 330.0 2.19 0.22 10.0 0.04 0.19 447 20.4 3,634
5 8.244 11.7 167.1 1.83 0.22 8.3 0.04 0.19 1,095 21.7 25,425
Sterilization(O)
10 7.550 13.7 57.7 1.01 0.20 51 0.04 0.18 1,204 22.3 12,379
15 7187 14.5 184 0.80 0.17 47 0.03 0.17 1,235 24.2 11,390
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Fig. 143. AHA] tf-&=F 7]o) 2 &37] Az
- 2 71014 #4471
AepEE 4ke] o+ A= AAskal = AE7A 7h ARG A] ALEH A S
Al

o] o] AL SCM440L. & atx nFa A 8ttt

Fig. 144. 2% 71012 &47] A&

2 7oAl 719 Az EHE& A (Table 30)llA 71019 A8 LdA(FHLHAN
=0l wHHA = FAPsta, 7olel Fol gld AS &5 Fol Azt &

Bk
%o RHSA 2 WAL G4L PAFEE A Ch(Fig. 145)



Table 30. 2t 7]o2] #27] A3

X

,w(7.7.7.8.1m
2 !
SRS =S| TS
Ton

. -
S 5lglml T
Nlo |28 |w|o
SO 7|0] 8
Tlglgllak| g
314 Zﬂﬂ

@ 7)o

Fig. 145. 2
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(2) AxEH7] AAF AR=d 2 2 A=
2¢t 71ojA] BV E nlg o R 1w Zoldle HEEY 2vhe SEYT|of 3¢ wiA u
Eg7)oE Agsta AREAS A4 & X7 AAEFig. 1458 A2 stal 2% 7]
o2 E71¢F 47l d=EXEE v 3 A3 Table 313 24}
Table 31 2@oA] 29 £47] d=8¥ Hlu
=21 LR =3 L TR ]
ilnle FPE T N 137 ADDwm 0] Saf 51

L0 — 0w

100 — I00 i

1I7.1

A5 o 100w

A5 = LR

B.E

25 — A5um

2Sim O] o

25 — ASem

ZSen O] &)

.0

= e L

At
® ) y ¢ ] i ]
- 4] 0) e i : & b n C "
1.-;‘ - = ._:.} o‘ﬁ s . ol K
4 ey '] o) ——
e 9l @® - AT .
® 34 t=a v ey 50 (e
—_h

1 ! ® ..3

Fig. 145. 2&@7]o1 4 &47]eF A7) A A% A= v

Lo S s

(D) 71540 AE g e A AE A=
AZxuAEESAE] A3t E 93 7| FA VA E (Paenibacillus ehimensis KWN38)2] Hf
UAA A A E A FS Y3 wiA ] 2L dutx o w FwE = wiX 7 e v Al A A

Aol Wolx 1\dxte] M m ABE(Paenibacillus ehimensis KWN38)¢] A +ZAu#E nigt
o2 HES ¥ Table 313 o] 2Hgetdoy. w3+ v A E(Paenibacillus ehimensis
KWN38)2] wid2%+= 30C, wi¥de 3d9= 3tar, v AE(Paenibacillus ehimensis
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A8 % (g/L)
0.03
0.03

Table 31. Paenibacillus ehimensis KWN38 A| A3

KWN38)e| &< 1L® Iml=

il

EH] 5.(21:17:17)
Yeast extract
FeCls—GHQO

gl

Heolels A2F SUS04E AA

bof 2

]

9/]

B

)

-
B

ol
W

Fig. 1487}

ko3
T

[e)
THs 24

A
2]

&o] 100C 2 #olAd Fit A2 AAsa wixE dit

[

A, AARE e
918l Fig. 146, Fig. 1473 o] A

]
=

A%

3L

w7 A A F

=

1

<

Al =LA T

el

ol A Al

Fig. 146. 7]
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Fig. 148. W& vigx Al A+

71 M A7 R e wgFzet dee] Axvde 990 AE AL A=
ARle] AlAlES AlFetr] g A Alx 2312 AP ETIEe] A7AAR] A F
gt A =Ed /A FHAs Ays wrgsdt AlxAdde] AAE AlAE
FFZAA A AssEA, APE VIAA AT AAJA] BoldEe] Ve AL
Edz FE ARS gAY HF 249 AxvAdE EFAH Axdre Ade &
FE 1m' AT s 85790C, wHkEE= 607180rpmeE AW EE Ao, wjg% 30T
(AA} £ 3C), 7042 AsAe U4, e71%F FUL 604/min-2, 57 4 A &

THHE AEL3t712 st Fig. 1499F o] AAFE A% sk

Fig. 149. Axv| A= Egrain] Az=du] Az
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4. Bzm e E5tedH] A& we AP Iy As % HIE Bt

7}, ZEOA 3 o AL 2 W 5 E o
WA ASEA AAT RS AR 8 PR hre) Ay

2k

[s}

¢ EY & SAS v AASES dvlE AT ¥ =F

B o 54 Ak AEE QAT F Y oS dFHF A
nimolt, SPAD-502 plus)& °|-&3le] 454 AgE St

B 22 i Xo 3t 3|8 A% AV Rhizoctonia solanis 753
o & ¥ dAI A= JY AEE PYA AFHS TE 3
o AHE Agste] IEAEE AT

B Y 3 EAE e A5 AR 3y 35 APF 3 5E A
o], X4 Ao, AT H AT AR

B o 3JEAHL E FE Ak "aEjddA FE" Y
Chlorophyll meter (Konica nimolt, SPAD-502 plus)E ©]&3}o] 24 X4

Fig 151. A3

Table 32. 23 g7 W&

2 60¢ 2 E(oven)oll A 2
=71 o] FARZ 3o
}o] Chlorophyll meter (Konica

Bx%, AT,
d 5

Treatment Composition of treatment Volume
S 022 L ¢x & ] medium 220 ml
SP 0.22 L FAE ] medium + P. ehimensis KWN38 220 ml
W 022 L A& %t medium 220 ml
WP 022 L @A ¥ medium + P. ehimensis KWN38 220 ml
F 143 g HE3¥ & 220 ml
FF 144 ¢ 38 F+ Fungicide (Tebuconazol) 0.11ml 220 ml
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(1) AB=2Ab

Az mAE &3 A4u] Al gl e A3 v A A A3 Table 3364 H=nke}
2ol WAAFHo|(Rhizoctonia solani AG-1) HE F 2094 4 FAE IAIFAY
medium+P. ehimensis KWN38W 2|91 WP7} 7} =4 ZAME AL, 9 Zolo &=
A%z medium A1 S7F M =A AR AT HE e 4 FA 2 Aol
F A2l +2 A AT 4094 4 FA= WP A2 +7F 7 =4 2ARE AT, 9
oo M= RE AETE froldo] vEA FUth 604 o FA= WP A7 7F
A ZAFEJAA G, SP A2 ko] oA hith =g 4 Hol= WP AHE Aot 7
Al ZALE AT ol g AdE FFE E ow dY] S oA WP AT ) A F
s Hnje] Az AFEFS W dHe] Aol & ASRE YEyt

o

o

L HE

Table 33. ] A|/gH do] W FA ZA
Days' after' fungal Treatment Leaf weight (g) Leaf length (cm)
infection
Fresh Dry

W 33.9AB 5.2AB 7.2A
WP 30.7AB 49AB 76A

0 S 33.8AB 5.0AB 85A
SP 34.7A 5.2A 7.6A
F 23.7B 3.6B 5.7A
FF 26.0AB 41AB 6.5A
W 52.6AB 105AB 8.4AB
WP 59.0A 11.7A 95AB

20 S 50.7AB 9.0BCD 10.5A
SP 46.2AB 9.5BCD 9.3AB
F 34.0B 6.8D 6.8B
FF 40.2AB 7.4C 7.8AB
W 76.2AB 13.5A 9.1A
WP 7T8.9A 13.7A 10.2A

40 S 71.1AB 11.9AB 10.8A
SP 76.7AB 13.0AB 9.8A
F 60.2B 10.4B 7.8A
FF 69.6AB 11.9AB 8.6A
W 97.8AB 21.8BC 19.0B
WP 109.8A 26.9A 22.1A

60 S 91.0AB 21.7BC 19.8AB
SP 116.7A 28.7TA 19.9AB
F 30.0B 16.7C 18.4B
FF 100.5AB 19.7C 20.4AB

xS WA Y medium A2, SPr HA F AT medium+P.  ehimensis KWN38 # 2]
T, Wi A8 7Y medium 2] 7, WP: 3% 8 2] medium+P. ehimensis KWN38 = €]
T, Fr B3 8 A2, FF: 231 8+ Fungicide (Tebuconazol) 2] 7.

N
>

=
ko) A sk ASo| st WA FFol(Rhizoctonia solani AG-1 TA) FE & 2097
2409 A 2AFSE AF Table 34914 ®Enkel o] A ZY] medium+P. ehimensis
KWN38 A 2]7Q1 WP7} #elfrAlA 7bd =4 vetwth siAtt W, S, SP A 2] 7-91¢]
oA A =3 604 A A3 WP A2 rF e Alel A THE =4 JErRA
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g AAFN A SP Az Tele] frolde Gt ARdow Arje A4y A
Aol skl WP AT F, #4@ AT oule] Anz SRS u wre] 4ol F
& Aow Urhyth 2y wa) Ax& 2AAT BE A TR fedel YEA g

.ﬂ

Table 34. zte] A8ty A5 3 WHal] A}

Days after Root weight (g) ‘
fungal |Treatment Root length (cm) Root 1('1;/o)r tality
infection Fresh Dry °

W 311.5A 114.6A 6.8A 16.5A

WP 304.3A 118.1A 7.0A 7.8A

S 329.4A 125.3A 6.9A 175A

0 SP 315.0A 121.7A 7.0A 8.7A

F 286.4A 107.4A 6.8A 7.4A

FF 281.3A 103.8A 6.8A 10.3A

W 329.4AB 132.5AB 8A 20.3A

WP 361.6A 168.3A 79A 187A

20 S 336.5AB 146.8A 8A 22.5A
SP 329.4AB 139.6A 8.1A 18.6A

F 293.6B 118.1B 8A 24.1A

FF 300.7B 114.6B 7.8A 15.7A

W 272.8AB 121.7AB 8A 24.1A

WP 282.56A 139.6A 8.1A 20.9A

40 S 254.2AB 114.6AB 8.1A 27.9A
SP 274.9A 128.9A 8.3A 21.9A

F 214.8B 111.0B 8A 20.7A

FF 249.2AB 121.7AB 8.1A 22.8A

W 236.3B 114.6B 7.8A 25A

WP 293.6A 139.6A 79A 20.9A

60 S 232.8AB 132.5AB 8.1A 279A
SP 297.1A 143.2A 8.2A 24A

F 264.9B 125.3B 8A 22A

FF 239.9B 114.6B 7.8A 21A

xSt WA E 2] medium AT, SP: WA ¥ 2t] medium+P.  ehimensis KWN38 = 2
H 2] medium # &, WP: 348 2t] medium+P. ehimensis KWN38 #] 2]
, Bev g A2, FF: 534 8+ Fungicide (Tebuconazol) 2] .

4
3 =
b
N
oﬁi

[y FA A e G548 A A 23 Fig 162004 Bsukel o] Wyt A
T 5 20,40 & 602 WP Aol 7HES 454 e el kA 20
M= S 2 SP A9k Folde] gl 0¥4= W, S, SP 2 FF A2 -9 #9]
dol UEhAl sk, 604 A= SP B FF Ag-eke] frelde] itk 7B w2 d 5
FFow= FATZ AT o2 238 & v dAF Iy ¥ IAY dH=
Az e S 4 A7t JdYe 54 dEFS woled ¥ e A=

Hu, AP ATE Aue) g9nz Agst AR $AFwIE 4xe] AR A

O

> Po
il

7 rm
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WAl Axo glojM = WP A 7t 7HE
= A%

Q.

[ =

e o Bz AR B At Y E
e guel Aow

35
30
< s
5
= 20
=
=
£15
B
= 10
e
5
u - —
20 40 i)
Diays afer fimgal infection

Fig 152. 9§54 &% AL

Ztt] medium A 2, SP: WA ¥ 7] medium+P. ehimensis KWN38 2]+,
medium 27+, WP: 43 Zt] medium+P. ehimensis KWN38 2]

s EEn g AT, FF: 534 8+ Fungicide (Tebuconazol) 2] .

Disense severily =core
LB

&0

Dhays after infection

Disease severity score
0: No infection
1: First symptom
2: Low level of infection
3: Medium level of infection
4: High lovel of infection
5: Severa

Fig 153. ztt] W&l @9 A% XA}

St WA 2 medium A2, SPr %A F ] medium+P. ehimensis KWN38 A 2] 7,
W: A& 2] medium & 7+, WP: 34 &8 #t] medium+P. ehimensis KWN38 =] 2] 1,
F: 5&dn 5 A&+, FF: &4 5+ Fungicide (Tebuconazol) & .
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(3) Brown patchell tj3+ zt] 3|EBAHE %
] (bent grass)e] A5 2 W3] Al A

Az mAE A8 A& e T RAE
A8 AepE e FAA A FAPEYEY BEEXEFOA JY ABEE A FHsle] ETE &7
5 BAA FFo|(Rhizoctonia solam AG-1 IA) HE3te] FYE =4 3 v ARES

16cm x 14cm A71= FHo] 99 XEo &7 LS At (Fig 154, 155).

SEERNEE

G: #Y medium, GP: #tY medium+P. ehimensis KWN38, F: &3HH| 5. FF: 53d| 5
+Fungicide

Az v AE E3AH] Algol mE dr] XA & 3]E FAF A3 Table 359 36914 X
=Hkel o] zitje]l AR Aol AAlF % HAAZFAA ZY mediumtP. ehimensis
KWN38 Az 21 GP7} Z+Zt 14.1cm, 159g % 26go= 7Fg =4 ZAFE AT A w
chlorophyll &#oA = FFAF7F 331%=Z2 7F8 =4 YebwA T GP iﬁﬂ?%-‘ﬂ o
AL oAk =3 Ao S ARE Fol A GPA R T Ate] Hol, AT 2 Eu‘i
YAAFAA Z+zF 95cm, 1156g L 364go® 74 =A vEbytt o}xl e A A S
GA 2Tk FoA3E gldth B XALE 2APE R GA =l 19.0%, FA 24 17.2%, GP
A2 15.0%, FFA 2 7 145%=2 <oz ZAE AR 2+ A 73 oA wiv} o]
g 2aE B ow Ax vAE 3 AH] A GP A TelA Iy AAE F 5] EY
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ol 744 we Row Amnd.

Table 34, A7) S¥ARAGE Ay A% 2 2o 24
Treatment Length (cm) |Fresh weight (g)| Dry weight (g) (S)};lf;?f}g;l)

G 10.6B 9.4B 1.8B 29.1BC

GP 14.1A 15.9A 2.6A 31.4AB

F 11.9AB 11.8B 2.1B 28.1C

FF 10.3B 9.9B 1.8B 33.1A

*G: 2+ medium, GP: #t] medium+P. ehimensis KWN38, F: 5345, FF: S gH| 5

+Fungicide

Table 35. @] EBA o2 A5 AL U AE A}

Treatment Length (cm) |Fresh weight (g)| Dry weight (g) | Mortality (%)
G 8.5B 107.2A 33.2B 19.0 A
GP 9.5A 115.6A 36.4A 15.0 A
F 8.6B 94.8B 26.4C 172 A
FF 8.3B 91.2B 25.2C 145 A

*G: 2+ medium, GP: #Y medium+P. edimensis KWN38, F: 5315, FF: 53H 5

+Fungicide

U XA gAY o A 2 o9 35 gy
B 3o AS2AE A ARE AE9 Fol AR AERA, AT,
0¢ 2 E(oven)ol A 29 &
=719 o] FAR g
3Fo] Chlorophyll meter (Konica

rlo
(@))

B P

B 2 R e 3B Hx XAV Rhizoctonia solanis HZE3H & At 7p W&o
oa =& F AdAF ZV|E A A 5S By AHe] TEY U T Ax AR &
 ABE A st 3| BAHEE FARSHT

B Y s Eded 2 AS 240 Y 35 Ads 359 FHe JYE A FH s
el do), AAJE do], AAlFT 2 AEFT5S AL

B 7Y sEAHw 2 =4 AR ®EdA IEE IY AlRE AFASY
Chlorophyll meter (Konica nimolt, SPAD-502 plus)S ©]-&3}o] =4 AFS =H 3}

AT W14 0 Z4Ag T Im x Im = 2m?

- 4A ] 3dkE A
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Fig 156. X4 A8 &

oy

Table 36. A& A&+ W&

Treatment Composition of treatment
F Fertilizer (4.76 g/1.6 L), H]| &
FF 0.8 ml Fungicide in 1.6 L of F, 1] &+ A
G 0.73 L Grass medium + 0.87 L water, 3F#] & zFt] in)
ap 0.73 L Grass culture + 0.87 L of water, 3% & zkt] ]+
P. ehimensis KWN38 (A Z1] A & & &} ol 1))

«A 2 012,33 Ag F ASAA, 434 A = A=5AH T

Az nAE E3ddn] A& mE Zt](bent grass)e W WH I EAFS A
5 A A AP E-EE fieldoll Al AAISHA T AT A G E A RS o
A #Bol(Rhizoctonia solam AG-1 TA) I3 A oA G Y medium, GP: %+
medium+P. ehimensis KWN38, F: &30 5 FF: EtfLH];‘;’L+Fung1c1de 9 NFAETE A

4 Sarh 49T AdE AGT 44 AF 18 % 109 F 18 242 49 F 2 5%
G SETT

Erﬁ-ﬂﬂ
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Fig 157. A3 A7

A e

LN
Fig 158, Ae]7 &

FF A 2]+
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(1) A&zA
Az e EF An) Alge wE @AY A S 2A A3} Fig 159914 R=vket
2ol A 2594 GP (BxvAEEFAq) A7t 7HE w4 dEbs o, FE A e et
FAA ez festdou, F A7k G Aeaoke] A4 FAA4L dEuA ksl
EAE BAAANAME GP A2 T7F 7P 4 Aol = vEb e, e ATk EA4
ol = vebEk T
ZAR 26594 A FAE FANNE BAF R AATAN AP Fedel v
3pdA A= GP A FolA 7 w2 AR AT 1A
T& Btk ol#d Aas e = u Ay Al glold GP AT S, AxvAE
8 7

EdAH At FAY FY Aol 7 AR Aem RolAH, o= AxAEES
HH] A=Al v Eo] A AR HE O] o7t AR o w Atz E T (Fig 160)
7.0 =
6.0 '
b
5.0

4.0

' m25d
3.0 35d
2.0
1.0
0.0

Fig 159. A% 7o] 2
F: o2 A7, FF ool R o5k e 7, GraA g ol 22 7,
GP: AEV RS T A2 T

Leaf length (cm)

m25d =35d m315d m35d
0.8

tad
LA

e
L=
o

[ I
LA
L]

0.7

A Al Al E
0.0 = _ - - 0.5
F FF G GP

Fig 160. A A AAF L AAF ZAL
F: v AT, FF: v 5+3 A2, G P e dn] A2
GP: Axv|AEZgAn] A+

[ ]
o

—_—
LA

Leaf dry weight (g)

Leaf fresh weight (g)
o

L=
M

Gp
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=

QY FA 2Ab) ME Q=2 A5 24 A9 Fig 161904 Bvksh ge] 24 25U
A AT folgol b 2otk 2AF 35UANE GPAN T Y maro,
FF A2l st fo140] 9otk Gst F A 72e 454 getels tehbd gad =
A M GP AT AEMABEGAN AT FE AATA fAYE AR
AW AP AT ARETAN Aelk @AY AT AH2 FFE FA7E

Aol T2 Aol Hs -5 J Aoz Atg "t
45 -

: a A
40 | &

35

[ ]
[
o
= Pay=9

Chlorophyll content (%o)
=S
L

F FF G GP

Az mAAE &3 Au]) A& e A [ Asky () A5 A A3 Fig 162
ol A Hizupel o] AR 2BUAAE EE AT AolE HolA @skth AF 35UA
GP (Bz=vAEEdAY]) A7k 71 =4 vetwh ARl FFeE G A2 199 79
AL Kol @doy F Aok oS guyth XsE FAE 2AeA I A8
B AAFS 2AF 25974 GP, G, FF, F 22 A 9oy, GP A8 77F 7F4 =4 4
Eutth shAIRE GoF FESFS] o2 fidth £AF 359 A= GP A7 v& 2274
vl 7Hg =4 vElbwew, G, FF, F A2 -9k A4 F94 % Yebweh &g Aak
AATE A 2694 2 3BbdA GP A2l 77F /M =4 vEsou, 2AF 259 A= G
FEoto] A4 #Fod otk olefst datEs Fotal] & o AxmAAEEFAqn] A&
A Y e A () Aol 7 2 Ao r Abs dvh.(Fig 163 Fig 164)
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15

a
ab ab
14
= A
E. A b A A
= 13
2 m25d
=
p— 12 m3i5d
=
=
11
10
F FF G oGP

Fig 162. #t2] Zo] FAL
F: vl 8 A, FF: v 5+5 oA g7, GratA g3ty ofn] A2+,
GP: Az =& gon] Al

w254 misd m25d misd
14.0 n 44 A
. 3 AB
E 13.5 = 4.2 B
10 b bl 91
z 1 A = 40 1 b
o125 o A AB 2 38 b
E 3 b b = C
s 120 g i6
: 11.5 = 3.4
= =
= 110 = 32
10.5 30 =
F FF G oGP F FF G Gp

Fig 163. g AAlF 9 #dAFT ZAL
F: B]& A, FF: Bl &+FoFA 2, G- gz on] A 2]+,
GP: Azn|QEEghn] A

L__SAMPLING | o4

Fig 164. #e] ARzl
F: vl & AT, FF: H8+5 A g, GaA gzt on] A2+,
GP: AxvA=EFqn] AT
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(2) Brown patchel] tjste] ojst o] 3]EAG= A}

e 3 E A 2ARA I Fig 165004 B ukel o] GP Aol A e Wwk g o
198%= 7 =%kal, N A7k 86%= 7Hd W7 AT B3 FF A 27 18.6%,
G A= 169, F AgF 167%= A=A ol A3E & v AxvAE &3 H4]
2] 7F W YA =3 o] (Rhizoctonia solani AG-1 IA)ol oJ&] A E WWkS A 7)=d &3
7F e Ao® AlmdH

30

25

20
1 4
5 4
0 - ;
N G GP F FF

Fig 165. Agl4 25

L

=

Disease reduction (%e)

(3) Brown patchel 3+ =
XA AY "hto 2 HE WY

Ao A kst & 18S rRNAEAS =
ko] BA3t A3 Rhizoctonia solani AG-1 g

AR &7 HA.(Fig 166)

Rhrocronia solanl AG1 LA GCCY
Rivizocramia selani A [A strain E23

Riurocronte sianf AGI B RI 15

e Rzt Sl A isolate D60

e [ ITTOCTON T 4263

Rinzprioma corealin #0115

-
02

Meighbor-joining tree showing the position of Rhizecronia sofani AG1 [A strain
GCC1 compared to related species in a 185 rRNA gene tree
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Azdagdn] 5 mLE S/ 25 mL(15 9 H&)= sAste] 1 A7Hs <t Shaking ¥,
pH =% 7](Orion 3 star, Thermo Scientific, Singapore) & =7 3} t}.

(1) &4 4 (Total Nitrogen, TN) - Kjeldahl &3l

A zerg oinlo] F# A+ Permanganated reduced Fe modification ‘ﬂo“?.j o2 EA35%

t} 100mL 22 (Kjeldahl) #aj3ol] A x nAE EgdH] 3mLet gk 32 SmLE ¥
T Ey FEl S el T v oA M o g JFEEar, ek o
717F AAdE diFH 533 o ZHEskd . Eelds Sl delA e ¥z 3 & 30%

H202 o—]f O.5Il’lLE

A
:?1:1'
2

otk Al 7t S Azt o] WAl EwlstA F wf7tA] 30%
H,0.2 % oH st AAS WrESAT. Ea7F Eu™ WA 7] 100mL
volumetric flaskel &4 STFT= F9& w3t 8 10mLoll 10N NaOHE ¥ &
F*(K-314, BUCHI, Switzerland)& ©o]&3lo] FFATh ¥x3d F44E pH 44 4

%] (702 SM Titrino, Metrohm, Switzerland ol &3] AAstT, AL IS A LS
A=

r-lE ol
ol

m{m

y

(th) ¥718) A2 (Inorganic nitrogen)

Azdtgin] 10 mLol 2 M KCIl 100 mL (1:10 H]&)E 7Fshal, 1 AlZHs<QF Shaking
3to] Whatman No.42 filter paper® A®th AE o dof Asvl14|4H5(MgO) 05gS 4
I SFAX(K-314, BUCHI, Switzerland)® F#3to] gXuUolel AA(NH-N)E ¥H
st dRYoleHl AANH,N)E 2H3% £ Devarda’'s Alloy 05gs 93l /A
(K-314, BUCHI, Switzerland)® ZF3ste] ZAME HAANOs-N)E 2R 22 23
H dryole] AANHN)eF 2] ZANOs-N)&= pH A4 FX](702 SM Titrino,
Metrohm, Switzerland)& ©]-&3ste] A Adsta, &S ALt

A

(2} 71% (Organic matter)
Walkley-Black methodE %3t f7]& =&

Ao
o
ol
2
38
i)

(u}) &2l (Total Phosphate, TP) - Vanadate %
A zdbg n] 3 mLE Kjeldahl &3] ©a, 23k 34k 8 mLE 7Fstt). Digestion
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tubeE Faltel &l 225 AF &9v ZFdetal ek A717F 7™ 100 TellA 5
w Eeh Wtk 1 Al Ao 2 130 C, 180 C, 250 T2 &% ¥o|v 7tdstlth
Al S el el By ¥ HO, 3 mLE ¥ 250 CTellA AL 7kl
wal o] WA ErdEia] gkow Wy § Hy0.5 © Hrbsta stdstsith BE AlsE

50 mL Volumetric flaskol 2] Zt7]1E 2o} Whatman No.42 filter paperZ 7%t}
o] ol 5 mLLE Ammonium paramolybdate vanadate €< 10 mLE ¥ il 30 &37F &4 &

450 nmell A FF w8 Skl

() AzEaen] &4 A¥

g ein|e] spehA 542 Table 37 o Uebigith Az a dne] pHE 50002
P e vehiiglen, F84= 430 g L, F92 025 g LY, f7182 222 g L' 3
FE UERRTE dubA el ofnle] mlste] FAs SEFo]l w2 A& AxTa o A=A
A7hE e Ao age Sojde A AAe Ai Y wEolztn A4HET 18 W)
Fole] Fge e AL g9 @ £ gled, wkd RTINS A8 FPS o EF
T FQe BHow AF APTol AT Aol oy

Table 37. Chemical properties of Mixed Liquid Fertilizer (MLF).

Inorganic Nitrogen Organic
pH IN NH, -N NO; -N matter w
(1:5) (g L™ (g L™ (g L™ (g L (g L™
MLF 5.00 4.30 3.32 N.D.x* 22.2 0.25

A
& 29 ssHlE 27 (kg 10a )
z Q7 %E Table 389 %t}

Table 38. Chemical fertilizer requirement of pepper and tomato.

Fertilizer Total Base Additional (kg 10a™)
(kg 10a!) (kg 10a™h) First Second Third

Pepper

Nitrogen 19.0 102 28 32 28

(Urea)

Phosphorus B B B

(Fused phosphate) 11.2 11.2

Potassium

(Potassium Oxide) 15.0 9.0 1.8 1.8 2.4
Tomato

Nitrogen

(Urea) 24.0 14 3 4 3

Phosphorus B B B

(Fused phosphate) 16.0 16

Potassium 240 3 5 6 5

(Potassium Oxide)
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Table 39. Mixed liquid fertilizer (MLF) requirement of pepper and tomato.

Species Total Base Additional (L 10a™

(L 10a) (L 10a™) 1 2 3
Pepper 4419 2372 651 744 651
Tomato 5581 3356 698 930 698

3 AL gAY FEAEY EF W FUIske H7

Ed 2 .
Asl vl REG REALR] FES AYES A7E FdTFel A
m

oX,
lo
>
(S5
@)
<P
W~
S
Y
=
o
rfo
=
0
1t
o
rlo
s
N
o
fm
o%
o
ox
P
e
kol
X 12 R
I

A
AASEH o™, 250 mL polyethylene Weoll Z+zte] EUS 100 ¢ 2 Y, ¥%8
kPa)o = FE3FS YT T &Y Fd AHF2%S 25 T oA
% (pre-incubation)st A tH(Fig 3-1). A v & Axgdn] X
10a e 7lFo=2 9u] 233 mLE 27 B #7354
IAETEFS TASHH F 609 1 vigstdTh Hn] A g 1
o, 404, 60l AEE A5E AT H, vE FUIH dArE S
73ke] pH, EC, %4 4 (Total Nitrogen, TN),

MULTI-ROOM |
INCUBATOR

BS = 13C

.L S -

) '!uluuuumnIn!umufu
¥ PR i 1L

250

Tim
e et sens Nabulis |

TEMP, CONTROL

Fig 167. Incubation experiment of soils.
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Table 40. Chemical properties of loam, sandy loam soil.

Soil texture

sand silt clay Field pH EC TC

(g kg) (g kg!) (g kg!) capacity (1:5) (dSm!) (gkgh
Loam 250.8 489.1 260.1 24.7 7.8 0.14 159
Sandy loam 655.7 255 89.3 13.7 6.1 0.05 4.8

(2) E3tstd A
(71 pH
E bgs STFHT 256 mL(1:5 ¢ Hl&)= A5t 1 AlZHEQF Shaking ¥, pHEA 7]

(Orion 3 star, Thermo Scientific, Singapore)= =7 3}9]t}.

(1) EC

EY 5gE 7T 25 mL(1:5 9 H&)E A 5te] 1 AZFE <t Shaking $, Whatman
No.42 filter paper® A&t} AE o He& H7] A =% (Electrical Conductivity, EC) =%
71(PET-2000 Kombi, stelzner GMBH, Germany)& ©]-§3}o] &7 &} it}

(th) %% A (Total Nitrogen, TN) - Kjeldahl 3
Bzpabdbe] Zola 05 mm AAT AR 05 g& #

AolE -, 1 mL KMnO; &5 ¥ 30%

H»S04(1:1)S 2 mLA ¥t} 587F ¥x] 3 octyl alcohol

AH 05 g& B ol 7hsstd 7[Ho] 24 =& gt 71FEo] gl
1

:?L_'/
ry
=2
i
=
o
2
L
lo,

= 2
i,
&
)
By
i

5ok oF 4533 oAl TFEETHeF 85 TAHE). 4=2WZ 1.1 g KySOs—catalyst
EFED 3 mLe A P Qe T, 2ALHA ADIHANT 150 T JEH F

[e]
7h. Aol glojAla o] AAE WA BT & EdEe] dxnds = wrhA
= K B

300 T= = oAl 1 AIE ®2aldk & 360 ColAl 54 =) wa st ol Ee)
23 ok A5 = AS g "o 001 N 35F 20 mLE 250 mL Bl o] AHell Ho}
SIS TGS 5 A Fn . BA R xR 2HFFE 9w Ya A2 wlwy] o
g3to] wyksic), olwf f2 WHe] EojdE AEZA FEHUUNE o] &t FojA o
A WWEER vt ke AS-FRFT A4S AESHIA S i 10 N NaOHeF 25
mLE Fa Awe FF7]0] FFste] 3% 10270 SR 213 d4A898 pH A
ZF21(702 SM Titrino, Metrohm, SwitzerLand)ZE o] &3] T =2 =H &3}

(2}) ¥4 (Total Carbon, TC)
2 mm A= AL ELGS dHIANA dFEE AFHS A, SRR FA 4ol 05
mmA =2 AZAsAY. 05 mmAZ AL EF 10 mge U424 7](Elemetal

Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)Z o]-&3&}o] #213}]t}.
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(m}) F7] e & & (Inorganic Nitrogen)

E% 15ge 2M KCl 60mL (1:4 "] &)E 7Fshar, 1 A7kt Shaking sked Whatman
No.42 filter paper® Attt A& oA 10mLel At3bel2d]45(MgO) 05gS Y1l /7%
Fate]l gdmyole] AANH,-N)Z 24889k o

%] (K-314, BUCHI, Switzerland) 2 % 3
Eyole] AANH,N)E ¥H3E & Devarda's Alloy 0bge Wi FHAX(K-314,
BUCHI, Switzerland)Z < ¥38te] ZAMEl AANOs-N)E E2HeAth 242 314 g =

=]
Yole] AANH-N)9F 24 A ANOs-N)&= pH A4 F%](702 SM Titrino, Metrohm,

Switzerland)Z o] &3] A A s, S Arstgd .

M
i
i)
i

EC+= Table 41¢} Fig 168¥} 3kt pHel ECe 4
E g o e /17 B9 #9490 @sk) gl

%7] pH7F 625014 32w 60Y 5
50el Al 7.222 okzF "ol RS ),
o Atee] F7hs Azamelne] pHrE 50022 vl
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Table 41. pH, EC of sandy loam, loam soil.

Sandy loam Loam

Treatment Control Treatment Control
Day pH EC pH EC pH EC pH EC

(1:5) dSm'" (15 (dSm?h (15 (dSm') 15 dS mh
0 6.25 0.29 6.71 0.05 750 0.45 7.65 0.22
1 6.37 0.29 6.55 0.04 756 0.43 7.69 0.20
5 6.64 0.25 6.69 0.05 721 0.53 7.64 0.22
7 6.59 0.25 6.64 0.05 7.24 0.55 7.68 0.22
10 6.39 0.26 6.58 0.05 7.26 0.50 7.68 0.23
20 5.39 0.35 6.44 0.07 7.31 0.52 7.65 0.24
40 5.02 0.41 6.48 0.07 7.32 0.54 7.68 0.25
60 511 0.50 6.45 0.09 7.22 0.65 7.56 0.32

- 177 -



Saraty loam (BC)

SFufk 60 Fo] AMSES YE FH A} FErA+= Table 427 Fig 1699 2kt
rwaen AeTe BA T mste] Ak FFol Frrekgon], Yrwaou A
g7 A9 AGES FE BE qu s TG FAxFol AU FAL T v
S g BT UE FEAE YRTEANY Tk Gl 22 g L doln B
stal A FAYTY ANFES} FE = z7] EFo] AL v FEAS FAE
UEhp 2T

Table 42. Total nitrogen and carbon of sandy loam, loam soil. The values in
parentheses indicate standard error (n=3).

Sandy loam Loam
Treatment Control Treatment Control
Day TN TC TN TC TN TC TN TC
eke) (ke (ke (ke (k) (@ke) (@ke)  (gkg)
0 0.62 6.43 0.45 552 1.79 16.21 164 15.84
(0.04) 0.57) (0.02) 0.32) (0.05) 0.73) (0.04) (0.55)
1 0.87 594 0.60 555 2.08 16.22 181 15.86
(0.09) (0.64) (0.02) (0.20) (0.14) 0.73) (0.02) 0.77)
5 0.68 5.76 054 5.89 1.99 16.00 1.86 16.30
0.01) (0.28) (0.02) (0.46) (0.07) (0.66) 0.02) (0.40)
7 0.71 5.88 0.56 5.76 2.01 16.00 1.87 15.86
(0.02) (0.34) (0.01) (0.33) (0.01) (0.46) (0.08) (0.19)
10 0.76 5.64 0.62 541 2.15 16.30 1.75 1595
0.02) (0.55) (0.03) (0.09) (0.12) 0.75) (0.03) 0.27)
20 0.66 5.61 052 5.68 1.82 1555 1.67 15.62
(0.01) (0.29) (0.02) (0.25) (0.02) (0.13) (0.03) (0.56)
40 0.62 582 0.45 5.33 1.83 16.32 1.90 15.70
0.02) (0.38) (0.01) (0.29) (0.08) (0.45) (0.05) (0.94
60 0.88 5.88 0.66 5.48 2.32 15.99 1.95 1551
(0.12) (0.25) (0.06) (0.20) (0.11) (0.31) (0.10) (0.30)
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Table 43. Inorganic nitrogen of sandy loam, loam soil. The values in parentheses

indicate standard error (n



Sandy loam Loam

Treatment Control Treatment Control
Day NIL,-N NO3-N NH;/-N NO3-N NIL-N NOs-N NH;-N NO3-N
(mg (mg (mg (mg (mg (mg (me ke (mg
kg 1) kg 1) kg 1) kg kg 1) kg 1) g X kg 1)
0 134.1 1.2 11.2 05 1455 515 0.7 496
(2.5) 0.5) (2.3) 0.7 4.7 (3.0 0.9 (3.1
1 141.2 N.D* 85 05 1225 495 04 47.1
(14.0) 0.3) 0.6) (6.5) (6.4) 0.7) (16.7)
5 1289 6.0 76 2.1 16.3 1289 ND" 54.3
(10.5) 6.8) (1.7) (1.3) (10.3) (34.7) 4.6)
7 125.9 3.7 6.2 3.1 0.2 157.7 05 55.3
0.9) 0.3) 0.1 0.7 04) (13.8) 0.9 (11.0)
10 1139 89 59 5.2 0.2 459 ND" 34.3
(7.0) (0.5) 0.7) (2.2) 04) (26.2) (234)
20 431 6.4 0.2 14.1 N.D 1525 3.8 65.3
(1.5) (6.1) 0.4) 0.7) (18.4) (3.3) 6.1)
40 30 131.6 0.1 174 09 174.9 3.8 8.2
(2.5) (4.6) 0.2) (14) (1.1 (7.2) 0.0) (4.4)
60 81 130.1 2.2 19.9 58 185.6 2.1 91.7
(3.5) 0.9) (14) (15) (2.9) 4.0) (3.7) (6.6)

* Not Detected
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Fig 170. Inorganic nitrogen of sandy loam, loam soil.

(

Uk potoll Al Az g oin] Algol| wpE =gy Aol e 9

(1) Pot /\134 }\4 ]

o

7}

0.

Azde shenlaet Axgadane g3E Husly] #eko] potd @S AAlEdH
E9(a3 WeErE) EA49¥(Loam, Clay Loam), B8 (FA 2], ststu|g, Mxdtg

- 180 -

J?i

_l%
=

_—



1 F, 2 F9)2 Ao 77 potg AAsdd. WeEvtES 15 RFo] del=
AlZ1Q1 4~5 & Afelel i8Rl o, potoll A4 Al aF9} WEFES x2S A TI
sto] WA E Y. BEFS AR addd fAT AR sdvled W ¥ 2 5 3
A AFSAT sshhs s A FFYoE QA[(NH).COl 9 Fa3doz 8490
(P:05), Z2F Tadoez ZYEKO0E AHEston, Axdgdn = ¢ 4 w4 5t

Fig 171. Pot experiment.

(7}) Pot 23 E

A7 % Fdo gAs AVE w9 VlEd e ¥ 2F F 3tolA AFHT ES Sand
31.6 %, Silt 46.3 %, Clay 22.1 %2 Loam¥} Sand 24.1 %, Silt 48.3 %, Clay 27.6 %2
Clay Loam$s AF&3}3)t}.

Table 44. Chemical properties of the soil used in the experiment. The wvalues in

parentheses indicate standard error (n=3).

Inorganic Nitrogen

pH EC NH, -N NO; -N TN TC
(1:5) (dS mh (mg kg)) (mg kgD (g kg (g kg
Loam 7.00 0.17 2.55 23.77 0.76 8.99
(0.08) (0.02) (0.69) (4.81) (0.08) (0.64)
Clay
1 6.86 0.27 0.73 93.25 1.06 12.30
oam
(0.08) (0.03) (1.04) (5.40) (0.08) (1.31)
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1) %XJ J of] A %M; 22 gsng Q7% (kg 10a )

Table 45. Chemical fertilizer requirement of pepper and tomato.

Fertilizer Total Base Additional (kg 10a™)
(kg 10a™) (kg 10ah) First Second Third

Pepper

Nitrogen 19.0 10.2 2.8 32 28

(Urea)

Phosphorus ~ B -

(Fused phosphate) 1.2 1.2

Potassium

(Potassium Oxide) 150 2.0 18 18 24
Tomato

Nitrogen

(Urea) 24.0 14 3 4 3

Phosphorus B B B

(Fused phosphate) 160 16

Potassium 240 3 5 6 5

(Potassium Oxide)

(}) Pot(AE: 3lem, 9AA: 754.77 cm?)@ 2HEW 3tau) s @79 (g pot )

Table 46. Chemical fertilizer requirement conversion of pepper and tomato.

Fertilizer

Pepper Tomato
(g plOtil) <g plOtil)
Nitrogen
(Urea) 28.25 255
Phosphorus
(Fused phosphate) 8.0 12.88
Potassium 1263 55

(Potassium Oxide)

(th Az=Zadv A& F (mL pot )
&

=
g e Aa 8T PR BA) AR FYFS AR

Table 47. Mixed liquid fertilizer (MLF) requirement of pepper and tomato.

Species Treatment MLF
(mL 600mL ")
Pepper 1.0x 35.2
2.0x 70.6
Tomato 1.0x 44.4
2.0x 85.8
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(3) Pot A% EoF &4
(7FH) pH
EY bgs THT 26 mL(1:5 9 Hl&)Z A5t 1 AlZHsQF Shaking ¥, pHE4 7]

(Orion 3 star, Thermo Scientific, Singapore)® 27} 1t}

(1}) EC

EY 5 g8 7T 25 mL(1:5 9 vH&)E 3A35te] 1 AZFE<tE Shaking ¥, Whatman
No.42 filter paper® ZA#HTh AE oJHNe& A7) d %% (Electrical Conductivity, EC) =7
7)1(PET-2000 Kombi, stelzner GMBH, Germany)Z ©]-&3}o] =433t}

(t}) &4 4 (Total Nitrogen, TN)
2 mm A= AL EYGS dHIANA dFEE AFHS A, SRR FA 4ol 05
mmA = AZAAY. 05 mmAlZ ADSF EF 10 mge U424 7](Elemetal

Analyzer Flash 2000, Thermo Scientific, Cambridge, UK)E o] & 3}o] #2435}t

(2}) &%¥tA (Total Carbon, TC)
2 mm AZ AL ELFS dTASJANA AdFE AFHst, AR RZ FA 2ol 05
mmAZ  AZsET. 05 mmAZ AEd EY 10 mgs YA EA 7| (Elemetal

Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)& ©|&3}o #2435} %t}

(vp) #7718 24 (Inorganic Nitrogen, IN)

T 15g°l 2M KCl 60mL (1:4 ¥]&)E 7ketaL, 1 AJ3&<¢k Shaking &t Whatman
No.42 filter paper® ZA#tl A& oA 10mLel] A3t 2v45(MgO) 05gS Yl F/H%
%] (K-314, BUCHI, Switzerland)® S f3ste] dRUYole] AANH,-N)E ZHsHAT &
Euyole] AANH,-N)E ZH3 3 Devarda's Alloy 05g8 Y11 =7 (K-314,
BUCHI, Switzerland)2 <3t AAe] AANOs-N)E 2R3 AT. 27 2389 dx
Yole]l AANH-N)9F ZAbe] A4 (NOs-N)&= pH A (702 SM Titrino, Metrohm,

Switzerland) & ©]-&3to] XA star, shaFs AlLksEST).

Z3% A EAE 47/ (MM301, Reisch GmbH & Co., Haan, Germany)® # A Zo}
A8t AR FA Zol 7zt g AEAE 4 FeEE dFEE FHE AL(Kjeldahl)
BEajde] Y1 STHFE FaAAY. 5417 AR HoSO,~HNO3-HCIO4(1:8:1)E

10mLE 7t H, WA 3ATh A2 A 71E9S AlAete] Ha REE Eo] 3o F
gald w7pA Eefstadeh Eeide] FHsiAH AY(Kjeldahl) W3S Wd7E
10% HCI 20mL= 7}ste] thA] 7hdekdnh. 37 &5d A2 (Kjeldahl) 332 W
gk 7, 100mL volume flaskel o #stAtt. o e A Eofstu w7 8tE57]7]
(NICEM)°ll & fF=z2dstzZg=nt w333 %7 (Inductively Coupled Plasma Emission

Spectrometer) S ©]-&3t] Ca, Mg, Na, K& #2131t}

(o N o
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Table 48. Soil pH and EC of pepper cultivated clay loam and loam. The wvalues in

parentheses indicate standard errors (n=3).

Control Chemical fertilizer  MLF 1.0x MLF 2.0x
Day  H EC pH EC pH EC pH EC
(1:5) (dSmbH (15 (dS mbH (15 (dS m?!) (15 (dS mh)
Clay loam
14 6.78 0.16 6.04 0.62 6.37 0.37 597 0.50
0.12) (0.04) (0.04) (0.12) (0.03) (0.04) (0.08) (0.03)
23 6.89 0.28 6.11 054 5.81 0.63 5.46 0.88
(0.02) (0.00) (0.14) (0.09) 0.07) (0.10) (0.03) (0.06)
42 705 021 6.28 051 6.13 0.60 5.45 0.82
(0.24) (0.06) (0.07) (0.06) (0.09) 0.21) 0.12) (0.25)
4 733 0.07 7.10 0.29 6.69 0.31 6.14 0.79
(0.13) (0.03) (0.14) (0.15) (0.05) (0.03) 017) 0.12)
Loam
14 6.97 0.08 6.65 0.42 6.31 0.33 5.70 0.45
(0.01) 0.01) (0.20) (0.09) 0.17) (0.03) (0.23) (0.10)
23 7.05 0.09 6.29 0.20 5.66 0.35 5.94 0.44
(0.04) (0.02) (0.15) (0.05) (0.20) (0.03) (0.06) (0.10)
42 7.14 0.06 6.43 0.16 5.78 0.38 5.76 0.40
(0.03) (0.01) (0.12) (0.03) (0.15) (0.04) (0.20) (0.16)
84 7.07 0.15 6.83 0.16 6.81 0.31 5.64 0.76

(0.03) (0.03) (0.03) (0.01) (0.13) (0.09) (0.38) (0.10)

Table 482 poto] Clay loam¥ Loame A< 1 1322 e w &oko] Ao
pHS EC ®3tE Yelgioth pHY A9 FAH g FdAE EAY 2ol UEREA
orgron HAAoR pH 7 Awe 2AHS Gxsdnh. agu dues HgPe Ho
An] 20x A# T2 pH7F 7HE WA BAEH

=
ate Wl s Aol 7P A dEE

FO
<
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Table 49. Total nitrogen (TN) and total carbon(TC) contents of pepper cultivated

clay loam and loam soils. The values in parentheses indicate standard errors (n=3).

Control Chemical Fertilizer MLF 1.0x MLF 2.0x

Day TN TC TN TC TN TC TN TC

g ke (gke) (gke) (gkeh) (gkeh) (gke) (gke) (gkegh

Clay Loam
14 0.96 11.71 1.37 1194 1.09 12.43 1.15 13.05
0.22) (0.81) (0.13) 0.77) (0.09) (1.36) (0.12) (0.44)
28 0.92 12.18 1.13 1277 1.06 11.53 0.83 10.24
(0.06) (1.02) (0.20) (2.71) 0.07) (0.25) (0.05) (0.54)
42 1.05 11.68 0.55 8.44 0.62 8.80 0.70 8.86
(0.40) (1.30) (0.05) (0.57) (0.00) (0.37) 0.07) (0.22)
34 0.76 13.34 0.85 11.50 0.74 11.26 0.85 11.47
(0.02) (1.20) (0.12) (0.32) (0.06) (0.87) (0.02) (0.57)
Loam
14 0.67 942 0.83 8.60 0.68 8.36 0.73 847
(0.03) (0.49) (0.16) (0.48) 0.12) (0.76) (0.05) 0.22)
28 0.53 7.62 0.63 891 0.63 8.25 0.60 7.70
(0.06) (0.26) (0.09) (1.10) (0.05) (0.30) (0.10) (0.66)
42 0.63 8.70 0.86 7.45 0.72 8.37 0.87 8.88
(0.36) (2.00) (0.05) (0.19) (0.15) (0.76) (0.13) (0.44)
34 0.53 8.26 0.56 8.78 0.62 8.80 0.68 9.40
(0.02) (0.35) (0.35) (0.52) (0.08) (1.00) (0.10) (0.80)
FTA49 A5 Clay loam¥} Loamol Al 7 Aol tiste] fownjst AapE HolX]
otk ey FA P ol viete] stshAel gtk AxEF ] Aol A ot =2
s et e, stetuls A2 trF dujA e R =4 A =
T Aol 4% Clay loam¥ Loamoll A zbzbe] A gl ol A Wsteh AS &9d 5 )

otk Clay loamol 4] 8hefuls x 2o} Q2w 20x ool A Hastelon,
Loamel M & 8Hshul & Ao Pl A F7behbrl dasts 43S dehygin,
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Table 50. Inorganic nitrogen contents of pepper cultivated clay loam and loam

soils. The values in parentheses indicate standard errors (n=3).

Mixed Liquid

Chemical Fertilizer Fertilizer 1.0x

Control

Mixed Liquid
Fertilizer 2.0x

Day NH,N  NO;-N  NH,-N  NO;-N NH,-N NO;-N NH,/-N NO;-N
(mg kg  (mg kg) (mgke) (mgked) (mgke) (mgke) (mgke) (mgke)
Clay Loam
14 0.44 5847 95.19 269.09 148 164.18 194 216.65
(0.56) (3370)  (56.12) (60.50) (2.56) (40.55) (2.96) (22.96)
28 479 92.18 341 199.76 11.80 164.15 14.81 24781
(2.04) (10.19) (1.49) (66.89)  (13.19) (63.27) (0.74) (82.70)
42 N.D* 106.96 31.65 289.43 0.89 171.48 0.73 244.86
(6691)  (2858) (61.53) (1.55) (58.58) (1.27) (151.01)
4 N.D* 778 N.D" 63.22 N.D* 19.48 0.85 208.51
(879) (96.67) (21.53) (1.46) (97.51)
Loam
14 0.73 8.38 134.66 11151 0.96 99.18 1.83 120.58
(0.74) (2.34) (95.72) (64.11)  (1.65) (29.04) (2.88) (14.83)
28 1.64 0.28 2.20 4470 .04 77.69 17.05 81.16
(0.40) (0.48) (1.13) (24.29)  (4.00) (12.17) (14.69) (36.35)
42 N.D* 1.88 N.D"* 44,63 N.D* 44.85 12.11 84.66
(0.48) (10.04) (20.60) (16.78) (32.92)
&4 N.D" N.D" ND* 10.86 711 3.86 .37 80.22
(6.28)  (6.17) (4.03) (14.08) (21.37)
* Not Detected
w Az A EAT 4B R et dolE mrh FAL TN bl
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Table 51. Soil pH and EC of tomato cultivated clay loam and loam. The values

in parentheses indicate standard errors (n=3).

Control Chemical Fertilizer MLF 1.0x MLF 2.0x
Day  pH EC pH EC pH EC pH EC
(15) dS m?') (15 (dSm?") (15 dSm?") (15 (dS m")
Clay loam
14 6.82 0.13 6.40 0.52 6.25 0.33 597 0.46
(0.05) (0.02) 0.21) (0.04) (0.07) (0.03) (0.09) (0.04)
28 6.97 0.11 6.24 0.33 5.38 0.67 5.27 0.84
(0.09) (0.03) 0.21) (0.09) (0.07) (0.15) 0.27) (0.11)
42 719 0.07 6.21 0.28 5.39 0.74 540 0.45
(0.03) (0.01) (0.07) (0.05) (0.10) (0.05) (0.11) (0.07)
34 7.35 0.10 711 0.20 6.27 0.59 5.75 0.44
(0.07) (0.03) (0.05) (0.03) (0.10) (0.02) (0.23) (0.07)
Loam
14 6.96 0.10 6.74 0.22 6.06 0.42 5.76 053
(0.00) (0.00) (0.00) (0.03) (0.07) (0.03) (0.14) (0.04)
28 7.07 0.08 6.10 0.28 521 0.45 548 0.73
(0.02) (0.01) (0.12) (0.02) (0.13) (0.01) (0.04) (0.09)
42 720 0.05 6.45 0.11 558 0.21 543 0.55
(0.03) (0.00) (0.23) (0.03) (0.13) (0.04) (0.06) (0.12)
34 7.23 0.09 6.70 0.22 6.67 0.24 585 0.53
(0.04) (0.01) 0.11) (0.03) (0.18) (0.02) (0.31) 0.13)

Table 51+ potoll A HEErEE A W, clay loam¥} loameol] A2l pHe EC
45 FAGTFAAME A=A,
w29 Az

o) Wa2 Y. pHel 4
FA89 0, sk

=
R,

=

=

ol

A WE 7
H] 2.0x Aol A 7 9A dEbs o ECol A
= Agstds W dFol 7MY A e

EAZS v, Axdg

B3 FaHstA oAl A 2
+ pH7F 54
4% pH
t}. Clay loam
An] 1.0x A7t 2.0x =

AR e vEsh o B4 YEtou 7 9 A9olNt Axwan 20x
A7 A B o FES ngen FANTAA AF 2 o FEE et
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Table 52. Total nitrogen and carbon contents of tomato cultivated clay loam and

loam soils. The values in parentheses indicate standard errors (n=3).

Control hemical MLF 1.0x MLF 20x

Day 1y TC TN TC TN TC TN TC
(gke!) (@ke) (gkeh) (@ke) (gkeh) (@ke) (gkgh) (gkg?h)
Clay Loam

14 0.81 11.86 1.25 11.48 0.93 13.87 0.89 12.07
(0.04) (1.14)  (0.20) 0.78)  (0.13) (4.71)  (0.09) (1.16)
28 0.81 11.65 0.94 11.54 0.98 9.73 1.09 12.17
(0.03) 094)  (0.05) 0.30)  (0.18) (15D (0.18) (2.11)
42 0.90 13.48 0.87 11.23 1.08 1546 0.9 12.09
(0.19) 274 (0.18) (1.13) (02D (379 (0.05) (2.27)
34 0.73 11.48 0.79 11.52 0.9 12.82 0.76 11.93
(0.01) (143 (011 (145 (0.09) (155 (0.08) (1.41)

Loam

14 0.75 9.35 0.82 9.33 0.82 9.74 0.74 8.65
(0.09) (0.50) (0.09) (0.94) (0.01) (0.20) (0.11) (1.55)
28 0.51 7.86 0.84 7.34 1.18 9.99 0.69 8.53
(0.02) (0.69) (0.20) (0.57) (0.11) (3.67) (0.53) (0.81)
42 0.52 8.26 0.55 8.44 0.62 8.80 0.70 8.86
(0.06) (0.58) (0.05) (0.57) (0.00) (0.37) (0.07) (0.22)
34 0.53 8.69 0.57 8.22 0.54 879 0.67 8.56
(0.03) (0.38) (0.03) (0.15) (0.06) (0.32) (0.16) (0.76)

pot £E%9] 443 Clay loam¥} Loamoll A A 2] o] thak EW3dl W37l ey A
ettt 1FE A ESA AL} vl AR FA el vlste] gebA et Az
g An] A oA 2zt =2 S Uediglow, sEHs Ayt A

Loamell H]&}o] Clay loamell A &4 d&Fo] oft &2 A& & & + AU =
o] F5 EAE ZolddlA clay loam¥t loamell Al Zb2be] A 2] g-vith Wste RS

ghld o ATk Clay loamol 4 }stH] = A 2] 4-9F AT FHH] 2.0x 27l A

Fastgor], LoamolAE Bxeao 49T L0x AT Fhshe 4%
S
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Table. 53. Inorganic nitrogen contents of tomato cultivated clay loam and loam

soils. The values in parentheses indicate standard error (n=3).

Control Chemical Fertilizer MLF 1.0x MLF 2.0x

Day NH,/-N  NOs-N NH,/-N  NO3-N NH,/-N NO;-N NH,/-N NO;-N

(m (m (m ( ( (m (m (
kgg) kg%) kgg) k?) kgl*(%) kg%) kgg) km’%)

g
Clay Loam
14 0.65 4717 147.83 231.97 N.D* 13654 1341 187.50
(1.13) (11.99) (106.99) (23.02) (23.69) (12.95) (19.93)
28 N.D" 16838 15.61 136.44 18.90 19754 105.45 243.17
(26.39) (27.03)  (10364)  (13.64) (82.73) (7383)  (161.39)
42 4.13 11.13 10.67 120.83 0.91 149.15 29.68 239.64
(5.50) (5.14) (12.94) (60.66) (0.89) (57.53) (42.83) (60.18)
34 N.D" 7.60 N.D* 25.27 N.D* 14424 13.11 39.58
(11.15) (13.01) (22.37) (12.34) (10.29)
Loam
14 1.4 16.30 62.03 86.61 N.D* 13548 46.29 145.86
(0.81) (3.47) (38.98) (25.86) (17.57) (37.13) (47.84)
28 244 1.07 20.14 34.09 19.60 125.39 129.15 111.67
(2.58) (1.86) (27.26) (17.40) (11.11) (16.77) (97.56) (21.98)
42 N.D* 3.79 N.D" 3847 0.16 44.08 45.03 90.70
(3.11) (25.10) (0.28) (16.35) (44.96) (20.63)
34 0.63 1.82 N.D* 5321 2.29 1.82 79.83 63.74
(1.09) (0.75) (12.81) (1.99) (315  (116.97) (45.12)

* Not Detected

Aae] ghefFo] mtot, AAbe) Ao Aee 9 S HAn Agte] AdeE T
AT dEYole] Aot HAbE Hio o] FoENLH, olE AEe A
olgo= <l |2} A7ZtE, sheknls A2 G4l = Loamel H]3le] Cay
loamel A & B =& EUYole] Aol HAbe] AAEFS g & 4 Addo Ax

Z] P

o] A shstulsel WEW e 5

rlo
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Table 54. Ca*, Mg®*, Na' and K' of fruits in clay loam soil. The values

4

7}

parentheses indicate standard error (n=3)

Clay Loam Control Chemical Fertilizer MLF 1.0x MLF 2.0x
Ca” (g kg™
Pepper N.D* 11.2 2.9 21.2
(=) -) (=)
Tomato 12.7 13.1 18.0 13.1
(0.6) 4.1) (5.2) (1.5)
Mg” (g kg )
Pepper N.D* 125 12.3 18.3
(=) (-) (-)
Tomato 12.3 11.3 13.2 14.3
(1.0) (1.0) (2.2) (2.4)
Na' (g kg
Pepper N.D" 1.2 1.3 45
(=) (=) (=)
Tomato 2.0 2.1 24 6.4
(0.6) 0.4) (0.3) (35)
K (g kg')
Pepper N.D* 279 28.0 375
(=) (=) (=)
Tomato 35.0 269 285 36.1
(11.3) (2.3) (1.2) (15.0)

n

Table 55. Ca®, Mg?, Na' and K' of fruits in loam soil. The values in parentheses

indicate standard error (n=3).

Loam Control Chemical Fertilizer MLF 1.0x MLF 2.0x
Ca® (g kg™
Pepper 9.3 6.2 135 N.D*
(4.4) (2.2) (0.6)
Tomato 18.0 22.3 136 N.D*
(0.7) (4.9) (6.2)
Mg” (g kg
Pepper 155 11.7 179 N.D”
(1.9 (0.5) (2.2)
Tomato 115 114 14.4 N.D*
(1.0) (0.9) (0.7
Na (g kg™
Pepper 0.3 0.3 0.7 N.D*
(0.0) (0.0) (0.2)
Tomato 2.2 2.0 3.0 N.D”
0.3) (0.4) (0.7
K (g kg')
Pepper 22.7 20.6 259 N.D"
(1.4) (2.6) (45)
Tomato 21.7 25.7 27.0 N.D*
(0.9) (2.8) (2.0)

* Not Detected
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HP"Eu}EoﬂH g el aetu g Blsle] Azwgaln] 10x @ TrF Cat, Mg,

U2 AL ol s = At Clay loame 2§ 94 tii&
H 5

gol =7
-2 2l -l ‘ﬂlé}‘ﬂ 5}?1% oF AxTa g AeTelM =2 gFes YEhiS
thools AxTadns A g me B W e w@o] wobA dviel: I
< 713 Aem AZEn. olE F v WESHA LdotrR 7] ffste] A mFALE
AR, EHEA 242 HelHe FhE AEe uAl Adske] Ad B
AEetes & oot

(1) AxrAAE E5qH]

AzuAE Edd)= A 185 "HollA] e 3-S5 Hol Ax whol AE-3FY Tz
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Table 56. Chemical composition of mixed liquid fertilizer.

I i Amount
ngredient (g =)
Grass (based by fresh weight) 178.0
46.6% N (Urea) 2.8
20% P05 (&%) 8.8
60% K-O 16
MgSO, - TH20 1.0
CaCl, - 2H,O 1.0
yeast 0.1
NaMoQ; + 2H-0 0.05
7ZnSQOy - TH0O 0.06
Chitin powder 0.8
Gelatin powder 0.2
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BrrgE EFgus ngE] AxE BdstdA 4% HRAEWN, P, K)o #7121
&7 wZel Alg ol B2 HAnE AAELE AbEste]l FRsklth 1 3] A A 2
83k Auje] GaFol] st 77 FWek A= AREshr] ek Aol dls skl ARE-eha

(7 pH
AzuAE E3dln] 5 mLE EFF 25 mL(1)5 9 vH&)E A5 1 A7HE

ol
Shaking %, pH =7 7](Orion 3 star, Thermo Scientific, Singapore)% =% 3} t}.

(1) EC

Az AE Edd8] 5 mLE FHF 25 mL1:59 B&)Z FXste] 1A]7HE<t
Shaking %, Whatman No.42 filter paper®= ZA#tt AE o AN 7] H %% (Electrical
Conductivity, EC) =4 7](PET-2000 Kombi, stelzner GMBH, Germany)Z ©]&3}o] =
sttt

(t}) &¥4 (Total Carbon, TC)
AzuAE E3tdb] 10 mLE 431x% AlA T8 AASAY. 54 Adxd dH] 2
mgS A4 E2A7](Elemetal Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)ZE

ol g-ate] BAlaet.

(2}) & A4 (Total Nitrogen, TN) - Kjeldahl 3l ¥

A zu] A5 Zgtan]o] 2 4+ Permanganated reduced Fe modification %
Atk 100mL 2 (Kjeldahl) #3l#ol] Az vAE E3tav] 3mLet 7 3
& 91 £ FaHs el w1 92 XA A n2ow Jrdet
F AVIZF AAE WFH 53 o stk Eeds Fefiel A el ¥ g %
30% HoO:, ¢F 0.5mLE BTt thA] 7FE S Al &sto] s o] WA FiatA 2 w7
30% H0.5 Hom #Fdstes A4S ¥EsAT 87 eud YZhA| 7132 100mL
volumetric flaskel &4 7= F9& 93l 3 10mLel 10N NaOHE %
F4*(K-314, BUCHI, Switzerland)& ©]-&3to] S/t 23¥ Fd4+ pH A4 %
%] (702 SM Titrino, Metrohm, Switzerland

4gsa, FAL FFS AN

= o

Ll
o,
oo
ol
ol
2

(vp) ¥718] 24 (Inorganic Nitrogen)
 EF9u 10 mLel 2 M KCl 100 mL (1:10 ¥ &)E 7Fstar, 1 AlZHe<t
Shaking 3t¢] Whatman No.42 filter paper® A% th AE o Ao At3}vl v & (MgO)
L ZH A2 (K-314, BUCHI, Switzerland)® S#F3le] odEyole] A
Aedoh dryoly AA(NH-N)S ¥33 % Devarda's Alloy 0.5g%
3 SHF A (K-314, BUCHI, Switzerland)® <3sle] AAHe] A A(NOs-N)E X33}
ack 77t THE drYole] AANH,N)oF A A AINOs-N)+= pH 278 X[ (702
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SM Titrino, Metrohm, Switzerland) & ©|-&3}o] 4735}

111
gt
off
o
2
L
ol
ol
32
)

(v}) %21 (Total Phosphate, TP) - Vanadate¥

AzuAE EFdH] 3 mLE Kjeldahl el ©a, ek 4 8 mLE 7k
Digestion tubeE Wahel S8 SEE A& v Ztdsta spek A7 A7i™E 100
TolA 5 & &<k &gty 1 A3 k402 130 C, 180 C, 250 T2 ==& FolH
7+ &}k 3d ‘:} el s At A Wy dwyd ¥ HO, 3 mLE ¥ 250 TollA Al
7tEst ATt e o] WA FEwstx] gto Wy ¥ H,0.5 u FHrheta 7hEEksith

wallEl A15E 50 mL Volumetric flaskoll 2] Zt7]& 2to} Whatman No.42 filter
paper® A%t o9 5 mLE Ammonium paramolybdate vanadate &<} 10 mLE YL
30 w3 B 2 450 nmell A FFEE ST

H -
AzrAE a9 318t% 542 Table 573 2ok AxvAE £dAH] 9 pHE
8487 °Fd7|E yetiNew, d di+= 137 g L-1, 9142 028 g L-19 3= e
At

Table 57. Chemical Properties of Mixed Liquid Fertilizer (MLF). The values in
parentheses indicate standard errors (n=12).

Inorganic
Nitrogen
NH, -
pH EC TC TN 4 NOy -N TP
(dS -1 -1 -1 -1 -1
(1:5) 0 (gL (gL) (gL) (L) (gL
m
MLF 8.48 2.08 3.98 1.37 1.00 N.D* 0.28
0.0 (0.14) (0.13) (1.3) (12.21) (4.59)

* Not Detected

g
Z1 24 5} 3 rJf(Fl 172). 3ol ALgH EYS
A

=% 183 =] ¥ A= d = 7
= FEFel AR ke dEE ARESAT FWlSA A S 4] BEgS FAYT,
oln] Ay t2 AAsg om 250 mL polyethylene® ol z}z}e] E9FS 100 g¥ ¥, ¥%
ST FEB0 kPa) o2 FEFFS WFHE F e Ht AF2EQ 25 TolA 7474 dFd
7+ A ) (pre-incubation) 3t th. A Bk T AH] gt AAHE(200 kg N ha-1)E
7o 2 o] 233 mLE 27 Bl Aty o] % 25 TolA 7t 7] B2 24E
T FASH T 60 A wgFstAdnh AW He 0 A, 3 4,5, 7, 14 ¢, 21
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ol

d, 42 o, 63 Aol AHN=E ARE AFT F, w2 FUlE] die FEFEFS AN
W ywx] 2 & pH EC, %4 (Total Carbon, TC), &2 2 (Total Nitrogen, TN)=
=]

M o

Fig 172. Incubation experiment of soils.
7F) =g Ao ALES EF

e @ B HEEAN FES VR GFFol AN BN A
Sand 25.1 %, Silt 489 %, Clay 26 %2 A#H] &S zt+= LoamelW, T3 5 2 mmA

& Abgste] A dste] Abgetdth Ege] &858t Table 583 Zt.

Table 58. Chemical properties of soil. The values in parentheses indicate standard

errors (n=3).

Inorganic Nitrogen

pH EC TC TN NH,-N  NOs; -N
(1:5) (dS m"H (g kegh (g kg) (mg kg) (mg kg™
Solil 7.80 0.14 15.50 1.78 4.0 75

(2) EFststd +4
(b pH
B9 5 g2 FRHF 25 mL(5 ¢ W& §45e] 1 A5 Shaking ¥, pH 57
71(Orion 3 star, Thermo Scientific, Singapore)® 2743} %]t}

() EC

EY 505 F7HS4 25 mL(1:5 ¢ v]&)E 3AsFe] 1 A%<t Shaking ¥, Whatman
No.42 filter paper® At AE N2 A7) H%E%(Electrical Conductivity, EC) =4
71(PET-2000 Kombi, stelzner GMBH, Germany)S ©]-83}o] =43}t

(t}h) =24 (Total Nitrogen, TN)
2 mm A2 AAS EFS dAIJAA dFEE AFs AAHI EYGS GRAEE 5
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A Zob 05 mmAE AAZE 05 mmAE ADI EY 10 mgs dA2E4 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)Z o]-&3&}o] #2]3}]t}.

(2}) ¥4 (Total Carbon, TC)

2mm A2 A3 EFS dHSANA JdFE AFHTH AFH} ESFS AR
A Zol 05 mmAZ AZAsE 05 mmAZE AZA3d EF 10 mge dAEA 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)Z ©]-&3}o] #2135} t}.

(vp) ¥718] 24 (Inorganic Nitrogen)

EY¥ 10 gol 2 M KCl 60 mL (114 H&)E 7Fstal, 1 AlZbE<t Shaking 3o
Whatman No.42 filter paper® ZAglth. A& o Ao Absial 1|4 (MgO) 05gS B3 5
F74*(K-314, BUCHI, Switzerland)® &3t R UYole] A ANH,-N)E 23] 35HS
olryole] AANH,~N)E FH3 3 Devarda’s Alloy 05gS Y1l FH%32(K-31
BUCHI, Switzerland)® Z#{F3to] AAte AANOs-N)E EH&AT. 22 4
Yol AA(NH,-N)9F ZAe] d4A(NOs-N)&= pH A4 (702 SM Titrino, Metrohm,
Switzerland)& ©]-&3to] A A3t FFS AlAkstA T

Table 59. pH, EC of soil. The values in parentheses indicate standard error (n=3).

Control Treatment
Day pH EC pH EC
(1:5) (dS mh (1:5) (dS mh
0 7.58 0.29 7.56 0.38
(0.02) (0.01) (0.02) (0.02)
3 7.64 0.26 7.57 0.35
(0.02) (0.01) (0.18) (0.07)
5 7.65 0.27 7.45 0.41
(0.01) (0.01) (0.02) (0.01)
7 7.68 0.25 7.52 0.38
(0.02) (0.01) (0.05) (0.05)
14 7.74 0.24 7.49 0.41
(0.02) (0.01) (0.04) (0.03)
21 7.80 0.21 7.53 0.38
(0.01) (0.01) (0.03) (0.01)
42 7.87 0.18 7.63 0.34
(0.01) (0.02) (0.05) (0.03)
63 7.34 0.21 7.61 0.33
(0.04) (0.02) (0.20) (0.02)

e 60 U

o] £ pHS EC+ Table 59¢F Zth pHS A% Ax A=

o
ol
e
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M) Aol A Fol Al Apolzh vEbubA] ekskth A e e Fg- 7] AREE B
pHE FA8tH SAA ] Foa7 yehdA] & Ax vdes SFAH] Aol 4t

Table 60. Total nitrogen (TN) and carbon (TC) contents of the soil. The values in

parentheses indicate standard errors (n=3).

Control Treatment

Day TN TC TN TC
(g kg™ (g kg™ (g kg™ (g kg™

0 151 15.77 1.68 17.12
(0.07) (0.59) (0.05) (0.46)

3 1.60 16.40 1.57 16.15
(0.07) (0.69) (0.06) (0.64)

5 1.53 16.23 1.47 15.82
(0.00) (0.73) (0.07) (0.52)

7 1.66 16.31 1.58 16.29
(0.10) (0.78) (0.07) (0.66)

14 1.46 16.76 1.53 17.46
(0.09) (0.70) (0.15) (1.11)

21 1.45 16.63 1.50 16.95
(0.00) (0.71) (0.06) (0.40)

42 141 16.08 1.53 16.98
(0.03) (0.20) (0.04) (0.10)

63 1.39 16.30 1.47 16.43
(0.05) (0.16) (0.05) (0.44)

9 o] ool W49 FEaE Table 3-249 2ok, e} AU NE

0
d FALEY A Ax AT EFAN ATk FAYTE BF UE glo] visd F
!
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Table 61. Inorganic nitrogen of soil. The values in parentheses indicate standard errors
(n=3).

Control Treatment

Day NH;-N NO; -N NH, -N NO; -N
(mg kg ) (mg kg ) (mg kg ) (mg kg ™)

0 1.42 62.83 31.11 67.97
(1.56) (11.93) (3.34) (1.57)

3 0.4 53.81 25.63 105.79
(0,30) (3.63) (12.92) (3.17)

5 0.35 68.01 1.22 11854
(0.47) (9.26) (1.77) (4.43)

7 141 24.74 4.20 30.95
(2.45) (4.71) (3.22) (6.76)

14 1.86 40.95 0.06 112.38
(0.01) (5.12) (1.28) (10.78)

21 0.00 19.60 0.71 91.45
(351) (3.34) (3.57) (0.51)

42 0.94 8.19 1.04 78.75
(1.78) (2.52) (0.79) (19.77)

63 1.98 44.69 . 93.44

N.D
(1.22) (9.68) (12.63)

* Not Detected
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Fig 173. Pt experiment.

(7}) Pot 23 E<
A7NE FRVI=AAA B EYo R Sand 49.7 %, Silt 49.8 %, Clay 05 %2 +4
H &S Ho]l&= LoamS ARE3HSt)

Table 62. Chemical properties of the soil used in the experiment. The values in
parentheses indicate standard errors (n=3).

Inorganic Nitrogen

pH EC TC TN NH, -N NO3; -N TP

(155 @S mYH (gke) (gkeg) (mg ke’ (mg ke’ (gkgh)

771 0.17 2.9 0.15 1.28 39 0.14
Loam

(0.05) (0.03) (0.55) (0.00) (1.83) (0.34) 14.98

(2) BzF AT 3ol AP A

e}
h) FRAANA FAE 2 guE 24 F (kg 10a)

Table 63. Chemical fertilizer requirement of pepper and tomato.

Fertil Total Base Additional (kg 10a™)
ertilizer . )
(kg 10a)) (kg 10a") First Second Third

Pepper

Nitrogen 19.0 10.2 2.8 3.2 2.8

(Urea)

Phosphorus - - -

(Fused phosphate) 11.2 112

Potassium

(Potassium Oxide) 15.0 9.0 1.8 1.8 2.4
Tomato

Nitrogen

(Urea) 24.0 14 3 4 3

Phosphorus - - -

(Fused phosphate) 16.0 16

Potassium 240 3 5 5 5

(Potassium Oxide)

- 198 -



(}) Pot(AE: 3lem, ©H A 754.77 cm?)@ #&d 3}

£

U5 Q7% (g pot))

Table 64. Chemical fertilizer requirement conversion of pepper and tomato.

Pepper Tomato
Fertilizer

(g plot™) (g plot™)
Nitrogen
(Urea) 28.25 25.5
Phosphorus
(Fused phosphate) 8.0 12.88
Potassium 1263 -

(Potassium Oxide)

(th Az mAE Eg9dn A2 (mL pot ')

489 geulE Ak a7 A Az VAR EFN FAFS Ageta

Table 65. Mixed liquid fertilizer (MLF) requirement of pepper and tomato.

Species Treatment MLF
(mL 600mL™?)
Pepper 0.5x %
1.0x 52
Tomato O ) 5X 33
1.0x 66

(3) Potdd Eok BA
(7 pH
=Y 5g& TFS 25 mL(1:5 9 H&)R FAste] 1 A|ZHESE Shaking ¥, pHE4 7]

(Orion 3 star, Thermo Scientific, Singapore)= =% 3}

(th) EC

EYd 5 g5 7T 25 mL(1:5 9 v&)Z 3 43le] 1 AlIHs<t Shaking $, Whatman
No.42 filter paper® A&t} AE ojde H7] A %% (Electrical Conductivity, EC) =%
71(PET-2000 Kombi, stelzner GMBH, Germany)Z ©]-&3}o] =431t}

(t}) &4 4 (Total Nitrogen, TN)

2 mm A2 AA EGS dZ4IANA dFE AFAS L, AR FA ZAol 05
mmA =2  AZePt. 05 mmAZ AL EY 10 mge IAE4H7](Elemetal
Analyzer Flash 2000, Thermo Scientific, Cambridge, UK)E ©]-&3}o] #2]3}]t}.
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(2}) ¥4 (Total Carbon, TC)
2 mm A= AP EYFS dZASAA dFE AFAS L, HAAPERE FA Aol 05
mmA = AR 05 mmAIZ AP EY 10 mge U224 7](Elemetal

Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)S ©]-&3&}o] #2]3}3]t}.

N

(v}) 718} A4 (Inorganic Nitrogen, IN)

EY 15ge] 2M KCl 60mL (1:4 H]&)E 7Fstal, 1 AlZHs<t Shaking 3}l Whatman
No.42 filter paper® ZAztt AE o]l 10mLel| AFsrl2dlH5MgO) 05gS ¥l /4
A (K-314, BUCHI, Switzerland)® < #3to] X Yol ZANH,N)E ZH-eAT &
Zyole] AANH,-N)E ¥F3% % Devarda's Alloy 05gS Y ZHAX(K-314,
BUCHI, Switzerland)2 <53t AAe] AANOs-N)E 2H8AY. 77 319 dx
Yole] AA(NH,-N)9F ZA4ke] A A (NOs-N)+= pH A7 %] (702 SM Titrino, Metrohm,

Switzerland) & ©|-&3slo] A Asta, g5 ALbskA T

ke

(4) Potd s A EA 4
(7}) &7] Zo] (Height)

AAF ABA B FE2 AN AA BolT ZAHY

(b aul A
7} potritl Aule] 2 A,

(th) A5 % (Dry mass)

HNEAZ 66C LEAA AXA T AEA=

I

>
2%
o

FAE S5

(2}) &¥t4 (Total Carbon, TC)

Az AEAE 2471(MM301, Reisch GmbH & Co., Haan, Germany)® # Al 4o}
AN A dFE AFASATE A Zof ddstgt AlE 2mgs Y44 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)ES ©]&3}o] ZF&tArE FAT

J
AN

(n}) =24 (Total Nitrogen, TN)

AZ3 A EA= E47]1(MM301, Reisch GmbH & Co., Haan, Germany)® ¥4 Zo}
AN A AdRE AFHSACTE FA Zol #Ag3 AE 2mge Y274 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)E ©]&3lo] FAALE EA 8

At

(v} %ol EA (ICP)

A 5S4 7](MM301, Reisch GmbH & Co., Haan, Germany)® 4 Zo}
A AT FA Aol #dg) 3 AEAT 7 FAEE dFEE FHS AL(Kjeldahl)
237

o] ¥ FRTFE FEAAT F8A2 AR HpSO4-HNOs;-HCIO4(1:8:1) &
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10mLE 7}t H, WA Th Aol A 7tES Al &ete] Aa 255 2o #E3do] F
B d w7bA] Eefet ek Fefdo] FrsiAwM AP (Kjeldahl) w3l Wrd &
10% HCI 20mL-& 7Fste] ofA] 7hEetanh. &a8l7F g5 A (Kjeldahl) &332 WA
g %, 100mL volume flaskell o338ttt of He Agfdtu FAH A5 7]7]1d

(NICEM)®l & FE=Z23Zeb=vl w33 % 7] (Inductively Coupled Plasma Emission
Spectrometer) & ©]83to] Ca, Mg, Na, K& #4135}

Table 66. pH and EC of pepper cultivated loam soils. The values in parentheses
indicate standard errors (n=3).

Control %}elftrlrﬁlzcgl MLF 0.5x MLF 1.0x
Day EC pH EC pH EC pH EC
(1:5) (dSm? (15) (dSm?') (15) dSmh) (15) (dS m™
7 7.92 0.12 7.74 0.27 791 0.13 7.68 0.18
(0.09) (0.02) (0.05) (0.08) (0.09) (0.01) (0.26) (0.06)
21 8.02 0.11 7.60 0.11 7.93 0.10 7.80 0.13
(0.10)  (0.01)  (0.20)  (0.03)  (0.05)  (0.02)  (0.12)  (0.01)
35 8.19 0.08 764 0.09 788 0.10 787 0.13
(0.09 0.01) (015 0.02) (01D (002) 0.04)  (0.04)
63 807 0.09 790 0.11 8.06 0.11 794 0.22

(0.08) (0.03) (0.10) (0.03) (0.02) 0.03) (0.08) (0.05)

wFe] pHE FAe 79 setue AeTe 3
e EFem AT A4 A
of W7k et Ae BAYTe] 45 2y 4BR Ad FREA

Ao AZtEM, s as] A% shulEe) pH 9Fe wol MEos 47

o Az VAR £ AeTelAel pHel Wa: =gl pHsh ojule] pH (8.48)
7 A =REs] Wl @elA e Aew Azt ECo A% FHetulw AT

oM HAsHA Frrstoen, 21 Aol vAl FAE T Ax vdE e A

3
T v =i AE s F9 AT Ax vAE S ATt A Ay

Fo] EAEOR A Aow HolA
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Table 67. Soil total nitrogen (TN) and carbon (TC) contents of pepper cultivated
loam. The values in parentheses indicate standard errors (n=3).

Chemical

Control B MLF 0.5x MLF 1.0x
Fertilizer
Da TN TC TN TC TN TC TN TC
y (g kg) (@ke) (gke) (gkg) (gke!) (gkg!) (gke) (gke!)
7 0.16 2.83 0.20 2.38 0.13 2.48 0.24 2.99

(0.05) (0.10) (0.03) (0.25) (0.02) (0.24) (0.09) (0.49)
21 0.13 242 0.15 2.10 0.17 2.60 0.21 2.58

(0.01) (0.09) (0.03) (0.34) (0.03) (0.19) (0.03) (0.39)
35 0.13 2.38 0.14 2.03 0.23 2.97 0.19 2.73

(0.00) (0.35) (0.02) (0.39) (0.11) (1.03) (0.03) (0.16)
63 0.13 2.69 0.13 2.08 0.14 2.33 0.18 2.59

(0.01) (0.23) (0.01) (0.04) (0.03 (0.26) (0.02) (0.33)

st sel Az AR EFAn A 1.0x Aol ozt F
] A+ 05xel A= F9 3 Warh e
& E4IH AT BFAA o] S

A H
Fohe 432 vebdeh

Table 68. Inorganic nitrogen contents of pepper cultivated loam soils. The values
in parentheses indicate standard error (n=3).

Control Chemical Fertilizer MLF 0.5x MLF 1.0x

Day  NH,N NOsy-N NH,/-N NO;-N NH,;“N NO; N NH;-N NO; -N

(mg kg (mg kg (mg ke) (mg kgD (mg kg (mg kg) (mg kg) (mg kg™
7 0.01 5.91 19.77 30.48 0.13 9.55 2.22 25.63
(0.01) (2.68) (21.71) 1427  (0.22) (3.57) (3.52) (14.92)
21 0.00 0.75 0.00 13.90 0.00 0.99 0.00 2.13
(0.00) (0.43) (0.00) (10.34)  (0.00) (0.08) (0.00) (1.12)
35 0.43 0.00 1.60 0.62 0.66 0.15 0.00 0.71
(0.37) (0.00) (1.64) (1.07) (0.57) 0.27) (0.00) (1.23)
63 0.14 0.05 158 0.09 1.11 057 249 049

(0.00) (0.08) (2.21) (0.08) (1.64) (0.52) (3.62) (0.27)

AT Az nAds Eddn] AP Bl AA
2 A TgolMs 7datel F48A Fs AT
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o5& glolgt AZsH, ol Setun oA npRsbAE AZE)

Table 69. pH and EC of tomato cultivated loam. The values in parentheses

indicate standard errors (n=3).

Control Chemical Fertilizer MLF 0.5x MLF 1.0x
Day  “pH EC pH EC pH EC pH EC
(1:5) (dSmbH 15 (dSmbH 15 (dSmbH 15 (dSmh
7 8.02 0.10 778 0.23 7.84 0.15 7.81 0.15
(0.06) (0.03) (0.10) (0.06) (0.13) (0.06) (0.18) (0.04)
21 8.07 0.08 7.39 0.11 7.80 0.06 7.41 0.11
(0.06) 0.02) 0.17) (0.02) (0.04) (0.01) (0.25) (0.04)
35 8.07 0.07 6.86 0.08 7.83 0.06 7.45 0.12
(0.05) (0.01) 0.71) (0.02) (0.06) (0.01) (0.14) (0.01)
63 8.10 0.08 7.30 0.07 8.00 0.12 777 0.28

(0.03) (0.02) (0.19) (0.01) (0.16) (0.04) (0.15) (0.03)

potd@olH el mFelMel pHS PHRAR A RALTH e AelTFE 1
adhe AFS dehiglon, 4E nAgR Egn ATl ST FNE e
geleh AT stehn Eel A pHel Wbt e A RAT A B3t 4
BE A% FREUE AR/ S4% A0 AZHR, HSEe 4§ s
pHO 932 wokr] Wioleh 474Utk 42 vAE SFv A FoIAel pH
WSk =okel pHsh ojule] pH o sG] Wil WahA 2t 4=k w
W ECS 4% sshuls AgFelA G4 Frsgon, 219 Aol oAl AT
St ATk wEAAE AL FA T 5 AUk AuAYT A ule] EC
Fgol wod s B W ECO Wt A9 gl
B2 3799 B9 £ 454802 A% 3

o,

>

%
o= ®HolHrh

Table 70. Soil total nitrogen (TN) and carbon (TC) contents of tomato cultivated

loam. The values in parentheses indicate standard errors (n=3).

Control Chemical MLF 0.5x MLF 1.0x
Fertilizer

Day TN TC TN TC TN TC TN TC

(g (g (g (g (g (g (g (g
kg 1) kg 1) kg™!) kg 1) kg 1) kg!) kg 1) kg 1)

7 0.13 2.49 0.28 2.87 0.15 2.49 0.20 2.53
(0.03) (0.16) (0.12) (1.32) (0.03) (0.18) (0.04) (0.58)

21 0.12 2.11 0.17 3.86 0.13 2.58 0.19 2.65
(0.01) (0.09) (0.06) (2.99) (0.01) (0.42) (0.06) (0.23)

35 0.12 2.03 0.18 2.66 0.15 2.25 0.20 3.08
(0.02) (0.21) (0.06) (0.79) (0.03) (0.41) (0.03) (0.32)

63 0.13 2.21 0.16 2.43 0.17 2.47 0.20 3.00

(0.01) (0.22) (0.01) (0.22) (0.01) (0.05) (0.02) (0.21)
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Table 71. Inorganic nitrogen contents of tomato cultivated loam. The values in

parentheses indicate standard errors (n=3).

Control Chemical Fertilizer MLF 0.5x MLF 1.0x
Day NH,'-N NOs;-N NH;'-N NOs-N NH,'-N NOs;-N NH;'-N NOs3;-N
(mg kg (mg kg (mg kg) (mg kg) (mg kg (mg ke (mg kg) (mg kgD
7 0.19 3.97 2541 39.43 0.39 13.65 0.90 13.28
(0.32) (3.56) (20.72) (0.82) (0.19) (13.42) (0.89) (7.99)
21 0.00 0.14 0.00 6.00 0.00 0.68 0.00 1.17
(0.00) (0.24) (0.00) (2.36)  (0.00) (0.08)  (0.00) (0.43)
35 1.79 0.00 0.93 0.21 3.80 0.36 1.36 0.53
(1.62) (0.00) (1.01) 0.37) (1.73) (0.32) (2.11) (0.48)
63 2.06 0.35 2.24 0.16 3.31 0.36 0.56 0.11

(0.63) (0.03) (3.49) (0.16)  (2.47) (0.38)  (0.59) (0.10)
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(W) Pot A=A 4 A}
Table 72. Height, fresh mass, dry mass, total nitrogen (TN) and total carbon (TC) of
shoot. The values in parentheses indicate standard errors (n=3).

Shoot Height Fresh mass Dry mass TN TC
(cm) (g) (g) (g kg'h) (g kg™

Pepper 155 22 0.3 29.0 398.1
(0.3) 0.1) (0.0) (2.6) (9.2)

;Fomat 10.9 48 0.6 30.2 388.1
(2.2) (1.4) (0.1) (4.2) (8.8)

Table 73. Dry mass, total nitrogen (TN) and total carbon (TC) of root. The values in
parentheses indicate standard errors (n=3).

Dry mass TN TC

Root (g) (g kg (g kg
Pepper 0.1 26.2 409.0
(0.0) (0.6) (17.3)
Tomato 0.1 17.8 402.0
(0.0) (3.2) (1.7)
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W, UplA B4 @® pH, BC 24 Sase

- =

Fig 17h4._inc_ubation experiment of column soils.
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Table 74. Chemical properties of soil. The values in parentheses indicate standard
errors (n=3).

Inorganic Nitrogen

pH EC TN NH, -N NO3; -N Bulk Density
(1:5) dSmYH  (gkeh (mg kg ™) (mg kg ™) (Mg m™®)

Column soil 7.71 0.17 0.15 1.28 3.9 1.3
(0.05) (0.03) (0.00) (1.83) (0.34)

4
e
[
[\
(e}
[y
wW
L
S
o
2,
2
—_
binei)
offl
2,
>
2
rln
PO
o
>
>,
ofo
ol
ol
s

l?;
B ool AbgE ol
BE T AeFE 1
gew e PLETE 2
FA2 242 (g L) & WEENE A4uE 97 FeeA ANT 253 mLE B
W odH] oA F o WEeA molsste] AnuEe] EFe] 2 W 506
Aol Aelsa

Table 75. Chemical properties of mixed liquid fertilizer. The value in parentheses

indicate standard errors (n=3).

Inorganic Nitrogen

pH EC TN NH, -N NO3 -N
(1:5) (dS mh (g LY (g LY (g LY
MLF 8.48 2.08 2.42 1.00 N.D*
(0.01) (0.14) (0.03) (0.01)

* Not Detected
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Table 76. Soil Inorganic Nitrogen and Mass balance of column soil. The values in

parentheses indicate standard errors (n=3).

Denth Control MLF
( p) NH, -N NO; -N NH, N NO; -N
o (mg kg ') (mg kg ) (mg kg ) (mg kg ')
0-4 2.2 4.3 156.3 155
(0.4) (1.0) (23.0) (5.2)
4-8 5.2 4.7 118.0 14.1
(4.6) (1.2) (16.5) (5.6)
8-12 2.9 5.7 69.7 11.0
(3.2) (1.9 (3.6) (1.7)
12-16 5.0 4.3 325 4.5
(4.6) (2.0) (14.0) (1.8)
16-20 4.6 2.8 16.6 3.2
(3.8) (2.3) (5.0) (1.9
20-24 6.1 1.2 3.0 2.1
(2.4) (1.3) 0.3) 0.9

7&@ ‘@ A Yol Ax vAE EFAqdo] EAd=

gatA @a, vgylo]l & | Bk Af o
dmo 23 FE AEREE HolE: Ao
Weil, 2008) ]%X—.S.EE— 6 *HE leachateol

A F71E AaTE g Eo] HoloF shA
2 AR A3E HBS u leachated = FEo] WA @tth ol EIAHIE
FAGHA FES FFete] FAou, AAl2 A3 W2 incubator <FolA E O
=90 = Bo] Tt wt FYPAEET} Faste] A9 U FrleE s S
S Pz Aom A7, a2 et EY U 16 cm ZHol7hA o] SR FEH HA 9
o]Fo]l ARew Aae) AAo AL 12 cm 7HA olFF Ao w gyt Ty A4
o] ol sdE £ o FHetetr] fate], FF wdTItEe £ o 58 A¥S o] Wddsko
Al EY Ul FEiE s & 2ot o
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3 A2NS BAR Axn AR EFn Ago] utE EF olFd Wi, 4E A%
s % oy ez 73
b Az AE EFedu e FA2(5N) EA
I
=

(D FA2CN) 24 x4

3 3
A G WA F5E GRS ZAsE AP Fuo

= = 3 2 2 TN LE o] &3l

o] 9lth(isotopic method). ©] W& T A AL(PN)2 2kl EAu]¢l 037 %R =& 3
TS 2t HB5E AR5 2o F8te TELAMPNE FHToRM AL3 Hg9 o
S5 8S HHE 5 k. olE & BT olyEt B Hol e d® Hrlyoel A
_ .

(2) TA2N) B2 2] A A g

TH2CN7E 248 FAOE Aujstr] fste]l A7E el AAE et wYA
Hyet st A F s LA A pot(Z7FE 60cm x AlZ 385cm x E=o] 14em) 40700 o) =
719t FYe FxgA F2 AuE e Y (Kentucky bluegrass, Bent grass)E
Aupetch. Aol FAAPN)E FA87] 98] potd 06 g9 PN 5% atom ureas 25
AR 3W Eo] ZoFoth F 60d B FIUE Awistd e, oF 56kg (basis of
fresh weight)®] t]& g3t Sch

Fig 175. Cultivation of N labeled grass

(3) TA2CN) 4 A £4
(7}) &4 A (Total Nitrogen, TN), N atom (%)
TARMON) ZA FOE Az 2N 65T, 48A7Hse Axste] 85 AAS
Fiol AAR = E71(MM301, Retsch GmbH & Co., Haan, Germany)® 7
ol AdAHA  FYav AFEA 7] (Stable Isotope Ratio Mass — Spectrometer,

IsoPrime-EA, Micromass Ltd, UK)Z o] &3}o] #4]3}]t}.
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(4) FALMN) FA 2y 24 Ay
ZA2(PN) 74 e BA Ay Table 3-413 2t} o] 4% PN atom % =
051% 9th o]E 2] A5 15lkgo] TAH Fo=z Fatste] F9d F2A(PN) rﬂﬂl

A5800S TaAUTG el ATl wEw dx FHe 9F FA2ON) EAAL
AR E FARON) 58S 20730% AEelth ¥ A@elA AT e FA&CN)

foge 5% AEz AAdTe] w4 kel ZA MAA RaaArh o= 1l pot A
A, el 3 wHHe] we weE o g3 1 wfol gukel o§ FALIN)S &

Aol A v EE Aoz AZHEG ey e & g#(0.37 "N atom
%)Eﬂr“ =2 FFow zAHNeRR dA —’F%-"J A o] 7hsatty ddE o] o] & o] &
o

RS

Table 77. Total nitrogen (TN) and N concentration in N labeled grass. The values

in parentheses indicate standard deviation (n=3).

TN BN atom BN Recovery
_ (g kg'h) (%) (%)
BN labeled grass 36.71 0.51 5.00
(0.66) (0.01)
. FAR5N) BA ARVIAE EFOY R PR 1A
S 2!

(D) FA2CN) 24 AzmPE EFAgn Az

AzuAE Eddb)= A 1gd5 QoA vk 3AE F Hel AA whol AFE-3F T 3
AR =A%) cellulose F3ME 71 S&Ho=2 & ﬁjz‘ Paenibacillus ehimensis
KWN389} A Z(fresh weed)& AL &<t 3 wiFatddar, of7]o] mAEo] x7]ol &
Aes HEdE F RS G A E =43

d3l Ao WA 242 Table 3-203 oW, A
2 vAE dguE st e Wgos wag 4xE ¥ wAE s, wAE

-2 3% autoclave)oll A A ATl Paenibacillus ehimensis KWN38Z H=E3 &, 30 C

Oﬂ}\:i 170 rpmgi 5 %Z_]' HH Oo]: = ]j},i /\]_%gl_giq_

Table 78. Chemical composition of mixed liquid fertilizer.

Ingredient Amount (g L™
Grass (based by fresh weight) 178.0
46.6% N (Urea) 2.8
20% P05 (£34d) 3.8
60% K-0 1.6
MgSO4 * 7HZO 1.0
CaCl, - 2H20 1.0
yeast 0.1
NagMOO4 ° 2HQO 0.05
ZnS0Oy - TH:0 0.06
Chitin powder 0.8
Gelatin powder 0.2
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FA2N) 224 AzxuAE T3dbs 2o B2 WARAgAE uAEe] Az
2 ZtE B RAEN, P, K)o 74 (Availability) o] 22kt weba  A-18 5ol A
Z3 AN E AANALE AFEste] FRsA L, 18] A Al B3 Anl= A g wE
Xr=

R4

(2) =AAMPN) 54 AxmAE Egddn 24
(7h) ¥ % (Density)

TALPN) 24 Az WA &

moi'

el n] 5mLZE Conical tubecl] ¥ &

ol

[o
Ay
o
_?L

54402 9tk B2 dxste] $R0 AAY FARCN) B4 4% VAR Sgy]
o AFe ZAse] WES Axetgitt

FAALMPN) 4 A2 nAE 239182 pH =4 7](Orion 3 star, Thermo Scientific,

Singapore) 2 &4 3%

(t}) EC (Electrical Conductivity)
FALMN) A4 A% vAdE EFg98Z A7 d =% (Electrical Conductivity, EC) =
A 71(PET-2000 Kombi, stelzner GMBH, Germany)E ©]-83}o] =43}

(2}) Z+7]€k&(Total Organic Carbon, Toc)
FALMPN) 4 Ax vAAE S39H 9 FF7] 4= Walkly-black MethodE ©]-&
stol EAEAth FAAMCN) A4 AzVAE EFgnuE w2 3sta dFE FHE IN
KiCr,07 10mL# wHEAIAT whgsts S AMN) 34 AzvAE EFdaneb IN
KoCr:0791 HoSO, 20mLS ¥ ar, 30%7F # .025M o-Phenanthroline-ferrous
complex® 475 "% Y3, 05N FeSO,& ©] &3} S A =AM Tgla 2o F
g 5§ Ao m vy A A AARE WA AAE 05N FeSOE viE o= F

718 2(%)E ALttt

o
ol
2
2
roo

(v}) &4 A (Total Nitrogen, TN)
STHLMN) A4 Ax mAE £39du)e] FZ A+ Permanganated reduced Fe

modification ¥ o2 EAa ¢tk 100mL A2 (Kjeldahl) 3] #e] T2 2(N) 24 A

= AE gAY 3mLet e A 8mLE Y T Ea#S EIdd Ta
e oA HA o ®m JtEl L, OPOk A717F AAdE wWRY 583 © 7HEst
Atk Eads Faldiel A Wiy W ¢ 3 30% H.0. ¢F 05mLE 22U Al 7FE S
Al Zbsto] ool WA FraEtA = LqW}X] 30% Ho0.5 ¥omn #dste HAS whE
stk a7 2y WA 712 100mL volumetric flaskel &7 F/H42 HyZ %
Hok el 10mLel 10N NaOHE ¥ il #7332 (K-314, BUCHI, Switzerland)E o] &

Tt 2HE FHAA4AE pH A4 FA(702 SM Titrino, Metrohm, Switzerland)
£ o] &3t AAt, THL FFS AT
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o Whatman No.42 filter paper2 ZA% Tt A& o 10mLol| AFs}w}1
S Y FHFAA(K-314, BUCHI, Switzerland)® Z53te] R Yol
= ¥ FEIAY. dEYoly AANH,-N)E ¥F3 3 Devarda's Alloy
05gS Yl /%X (K-314, BUCHI, Switzerland)® S F3te] ZA2be] 2 A(NOs-N)=
AT 47t x 71 E FR Yot AANH-N)9F dAbe] A4A(NO;-N)= pH A4 4
(702 SM Titrino, Metrohm, Switzerland)E ©|-&3slo] A Al =S ALFsA . ¥
e dryole] AANHN)9F A2te] 24 (NO3-N)= 0.IN Ho.SO& AHE-3Fe] pH 3.1
olgt® FAstL, o] ARG Qo HUERAIA FFHATE FFAIZ AEes ALdE da
Foll A 04mgE Hl Tl 229 FALMN) FFHS HAA TA9an AR
(Stable Isotope Ratio Mass Spectrometer, IsoPrime-EA, Micromass Ltd, UK) % #2413}
At

A

b

(Ah) PN atom (%)

THA2MN) 24 Az vAE FANE 54 ARAA FEE AAAY &) Al
AE AHE F 7] (MM301, Retsch GmbH & Co., Haan, Germany)® + A Zo} ¢tA
A 9 drn AR 7] (Stable Isotope Ratio Mass Spectrometer, IsoPrime-EA,
Micromass Ltd, UK)E o] &3d}o] 435t}

(3) THAMN) A v e A0 24 Az}

THA2MN) 24 Az vAE EF9dn e 3sty 54L& Table 797 2tk 2 2(PN)
FA AxAE Egd)e A7dEEes dFF4E S8 A2 =4 24EAg. &
A FALMN) FA4 AZUAYE TS B A& g P FHE FHF
o, EdAFY e A ¥E Aoz A4y 2HACPN) 24 AxvAAE E
groln] FA9 oF 45%7F F1E AAae FHE EAUL ol TALMN) BA Az
A Egdan e A4 FI)580] ol H3AH AREAM FeAS AAET FE2(PN)
2 ¥A3 AxuAPE EFAne FHAA24616g kg HE FAAMN) FA #(36.71g

M2 AN B4 AxuAdE g9
g AT A051%)ET w2 FEFo R EA A
01 o]_

|4 v =] Al 2ol oe FAA g
=
=

Moy

- F

H

BN atom %= 0.84% = =2 A (PN)

oleidt At fuE Az A
o

"
o

Yot 24200 531 A A}4-5)
of AxMAE EFAH Y Ak o] FAT] WREAY BET B A9 FAdx
(N)FEA AzVAE EFAuE AzsAh o FANA PN aom(@6)7 AAEAH Y 2

Mz FPoRd FAA0N) B4 AzAT EnE A4 F42 98 FHR2A
A

olgat=t 7tA7F =okd AS At
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Table 79. Chemical properties of mixed liquid fertilizer. The values in parentheses

indicate standard deviation (n=3).

Inorganic
nitrogen
15
Density  pH EC Toc TN NH,"-N NO; -N Atom
<g,1 (4? gL (LhH (@LhH (gL (%)
mL ) m )

MLF  0.06 6.89 11.47 15.01 2.88 1.30 0.02 0.84
(0.00)  (0.03)  (0.16) (2.45) (0.04) (0.02) (0.02) (0.00)

o 23AEE B8 THCN) 24 AxvdE EFEe B¢ 2 A A5 9% 97t
(1) 24 43 2
7 24 43 A

K

AEAR FALOCN) A Az vAE EFAue] g8 Fristr] g8 dddista
ML)l A At AHEFMLE2) EYY sed 542
Table 819} #vt. FAEL 1F(Capsicum annuum L, Obuja)?t W& EwE(Solanum
Iycopersicum, Younghwa)Z A&t S 2 A(PN) B4 A Zx vdE £gduo] &8
A "/ xst7] fste] stetH 5 xd o2 FIlvh 4749 Ae = 7R 25m,
AZ 1m 2 F3L AA95, 242N 34 Az vAdE g9 Ay s F2
2PN)9 edS BHE7] e 24 FZol A-E (WA 30cm, o] 50cm)S 30cm ZolZ
AR st HFig 10). 2 A+t dAHer 85 AAsg. sehlg A=
2[(NH2),COl, €409 [P0s], ZE[K0l5 AH&3ttt st EEE FAH
g vz s T BHA ARgstel AAE] d, A 149, 29 F 3Hel Uro
Aot 159 FFEH| s AlH] F#2 Q4 2825g. 8412 H] 80g, Zg] 12.63go|H, W E

¢

-

AN e ko

R A= 2= A4 A 7HE FReH, As A4 § FHE F 7 Hol Z2A A
Alatith FAAMN) FA AzvAE EFdan] Aete due Ax A8e 99 A
2 HlE AHFEo R Abgete]l F 13 A7 el #vsiath EGY] AE AAE A=
A2 EE(Ocm-15cm)¢t A E(15cm-30cm)ol A &tk 443 I Table 3-44¢F
2o A WA RIS 89 28e)e AEA AA2014Y 89 21) F 4Ee) w
HE&715 7kx 5 AFASAT. o] F Auj 7IZF FoF 45 AR F M AH BEES
AR AEA= 4220149 8¢ 21Y) F 108U B Avistdi, AF FEY
(2013 12€ 18)ell *felet dvi, =& EF AHsAT EY EAe BEA

b
T, F44, T8 A2, PN oatom (%)E 248t AEAE Py, 2%,
A 3 l-?_

5 ] = = 4
Taste], 27 Aol B #F Jdr RS AU 24 HeEE SR
NEAE AT AFH e 245, o] 2(Ca, Na, Mg, K), °N atom (%)& %4
=g
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Fig 176. Experimental field.

Table 80. Field experimental schedule.

Date Process

2013.08.21 Planting Tomato & Pepper
2013.08.28 1st soil sampling
2013.10.04 2nd soil sampling
2013.11.08 3rd soil sampling
2013.12.13 4th soil sampling, plant sampling

b 4 48 £
Agreistan v ek A

AR B4 5184 5A& Table 819 YetUiglth B4
£ silt clay loam©S 2 A1 % 9]t}

Table 81. Chemical properties of experimental field soil. The values in parentheses
indicate standard deviation(n=3).

Particle size distribution (g kg ) sil clay loam
Sand 69.6
Silt 584.7
Clay 345.7
pH (1:5) 721 (0.21)
EC (1:5) (dS m™) 101 (0.44)
Total Carbon (g kg™) 953 (1.21)
Total Nitrogen (g kg ! 1.17 (0.30)
Inorganic nitrogen (mg kg !)
NH,;-N 796 (2.34)
NOs-N 90.71 (36.15)

(2) ZEd gt set FALCN) B84 Ax vAE 9] A A
(7h) FRAANA T AEE gehs 27 F (kg 10a ')
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Table 82. Chemical fertilizer requirement of pepper and tomato.

Fertili Total Base Additional (kg 10a™)
ertilizer (kg 10a) (kg 10a")  First Second Third

Pepper

Nitrogen 19.0 10.2 28 32 2.8

(Urea)

Phosphorus - ~ -

(Fused phosphate) 11.2 112

Potassium

(Potassium Oxide) 150 2.0 1.8 1.8 2.4
Tomato

Nitrogen

(Urea) 24.0 14 3 4 3

Phosphorus - - -

(Fused phosphate) 16.0 16

Potassium 940 3 5 6 5

(Potassium Oxide)

(th) Plot( 7}& 25m, M2 1m) @ 224 38u|g 7% (g plot Y

Table 83. Chemical fertilizer requirement conversion of pepper and tomato.

Pepper Tomato
Fertilizer

(g plot™) (g plot ™)
Nitrogen
(Urea) 28.25 25.5
Phosphorus
(Fused phosphate) 8.0 12.88
Potassium 12.63 55

(Potassium Oxide)

(th 22 24(ON) 54 Az 02 E3toin] A2 = (mL plot )

FTHALCN) A4 Az mAE Sgdne] dnFe AN FAGF 13 e E
A

rL

R = B |
nfEe] 3 HE FFES daV]FoR Ak ;gfx} JTHTable 84). AR E A A(PN) #4
5 = A9 o F 13 #Avsigon, 10899 A3 7|7 ok 153] 9

Table 84. Mixed liquid fertilizer (MLF) requirement of pepper and tomato.

) MLF
Species Treatment
(mL/600mL)
Pepper 1.0x 399
Tomato 1.0x 362
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B) X Ay EF B4
(7h) EA(Soil texture)
EA LS wet sieving/pipette methodo. = #21stth T3 B4 10go] 30% H.0.=

Vel 71 &S Eafslget. EAA 2l 5% Na-HMP(Sodium hexametaphosphate) 10mLE
i e F, 00mmAR s At yuA] o2 1L ddHE &7 SFF
2 Fae WFEa & 4o WA o5 AxkE ool 20mLE FHal LEdA A
A7 & HE] TS Ao By, AE, FE] H&S ALSAT. Adtd A E b
Fog va w5y et EAS Tkt

(4}) pH, EC (Electrical Conductivity)

EY bgs TFT 2omL(1:5 ¢ H&)E 3|A3ste] 1 AlZHE<t Shaking $, pHSA 7]
(Orion 3 star, Thermo Scientific, Singapore)® 743ttt pHE =7%3l32 Whatman
No.42 filter paper® ZA#HTE AE o] HE A7) d %% (Electrical Conductivity, EC) =4
7] (PET-2000 Kombi, stelzner GMBH, Germany)Z ©| &3} =4 &t}

(th) F¥tA(Total Carbon, TC), %2 2 (Total Nitrogen, TN)

2mm A= A EGS dH4IAA dFE AFAT. AT ESFES HAAPER ¥
A #Zol  0ommA=R  AASE FH, ALG EY 10mgs  HIAaEA 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)ZS ©o]&3dlo] Fe49 T4 A

g PAse

(2}) 718 A A (Inorganic Nitrogen)

E< 15gel 2M KCl 60mL (1:4 ¥]&)E 7}sbil, 1 A|ZFs<t Shaking 3ol Whatman
No.42 filter paper®= ZA#HTE AE o 10mLo] Atavt 1445 MgO) 05gS Yil /7%
A (K-314, BUCHI, Switzerland)® <3t R Yol A ANH,N)E ZHeAT &
Zyole] AANH,-N)E ¥ 33 3 Devarda's Alloy 05gS Yi FTHA
BUCHI, Switzerland)= <#3dte] ZAte] ZANOs-N)E 2. 247 38 d=
Yole] AANHN)9F e A A(NOs-N)&= pH A& F*](702 SM Titrino, Metrohm,
Switzerland) & ©] &3t AAeta, kS ALt 2-E dEYole] A (NH,-N)
oF Akl AA(NO3-N)&= 0.IN H,SO& AF&3te] pH 3.1 olstzZ xAshar, o] ofd&
S B AEAA FHIAL FHFAN AEE Astd daFolA 04mgEs HAs) F71H
A2(NH,N, NOs-No FHACN) #F3s dAAd $9d4n FFEA7](Stable

Isotope Ratio Mass Spectrometer, IsoPrime-EA, Micromass Ltd, UK)& &A1&} t}.

(mh) PN atom (%)

2mm A= AL EFS dAIAA LdFE AU AHT BEFS GAAER
A Zol 05mmAZE AZSI T 05mmAZ AAS EF 10mge A TLAaH]
A 25 A1 7] (Stable Isotope Ratio Mass Spectrometer, IsoPrime-EA, Micromass Ltd,
UK)E o]&sto] A8t aith
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) 2% 27 AEA A

7hH &7] Aol (Height)
A AEA S By HES AL AA EFols A5

(b A A5
2 A et 2w duje) 28 AT

(th) A= Z(Fresh mass), 115
AFH 3 AEAY HTHS %— I3t AT HS 43 JEAE 66T AFxQEq

q
A oF 159 7 AERAAT. AEAN ABAL £A0] HES FAL 2AT

(2}) %2 (Total Carbon, TC), & & 2 (Total Nitrogen, TN)

Az AEAE 237](MM301, Reisch GmbH & Co., Haan, Germany)® # Al Zo}
TASA A AdFE-Z QAFSAY. FA Zdol #2Fe A5 2mgS Uaw4] 7] (Elemetal
Analyzer,Flash 2000, Thermo Scientific, Cambridge, UK)& ©]&3}o] F8&49l FH A

= Hd =]
s =454

= E47](MM301, Reisch GmbH & Co., Haan, Germany)® 4 Zo}
Al Aol 7zt 3 AEAE 74 FoEE d5E Al Z2E(Kjeldahl)

waldel ¥ FRTFE FEAEAT. 8417 AR HSO-HNO3;-HCIO(1:8:1) &
10mLE 7k 5, X8k th A el A 7}“% AlZbsle] Al 2xE Ewo HEa o] F
Hal&  uj7tA l‘%cﬂb‘]—ﬁi‘jr. "“?:3110—“.0] 3 X ?‘]“(Kjeldahl) Tl ds yzhsk
10% HCl 20mL< 7}ate] thra] 7 ]’)\}\ sl ks E A (Kjeldahl) 8-S WA
3l =, 100mL volume flaskoll o] ¥atgict. o 3o & 1EEH5Lj TAY AT 57719
(NICEM)dl] ¥ SxA4dZet=nl w335 7] (Inductively Coupled Plasma Emission

Spectrometer)E ©| &3} Ca, Mg, Na, K& #2433t}

o

(¥h) PN atom (%)

AAG AEAE 66T Ax 224 oF 179 T AXAA F&2 AASAGY. F
ol AAHE AEAE 71 (MM301, Reisch GmbH & Co., Haan, Germany)® 37
Zol dAsIA Y. #AEs AR 15mgs AASIY] HHAH LAY AREAT]
(Stable Isotope Ratio Mass Spectrometer, IsoPrime-EA, Micromass Ltd, UK)S o] &3}
o] A8k

EoF 1
st g APt TEAMN) B4 Ax AR EFd9n] Aol B pHE A
3 t 2 & gdtH(Table 85). 3gul5 A8+ T2 A2(PN) T4
| A7 B EFoA Ae A vdshe~ AYxd B9k pH 7.21
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feldol X sraleh A w FALON) BA Az WAR Fgqu AT E
A pH WsEe sletnm A2 7o WaEuch 27 vehyr ol
pH 6899 FAA(N) ¥4 Az wAE S 77142 wule] dgom A

1

A
%

c ol TAHAOLN) A Az VA=

Table 85. pH and EC of pepper and tomato cultivated silt clay loam. The wvalues in

parentheses indicate standard deviation (n=3).

Pepper Tomato
hemical MLF 1.0x Chemical MLF 1.0x
pH EC pH EC pH EC pH EC
(1:5) (dS m-1)  (155) (dS m-1) (1) dS m-1) (15 (dS m-1)
*************************** Ist -
Surface  7.39 0.47 7.31 0.66 717 110 7.24 0.85
soil 0.21)  (0.28) (0200  (0.08)  (0.23) (0.51) (0.13)  (0.48)
Subsoil ~ 7.37 0.29 719 0.65 6.96  0.58 718 0.81
0.32)  (0.12) (014 (018  (0.12) (0.34) (0.23)  (0.43)
—————————————————————————— nd ~—————————————
Surface  7.25 0.61 7.46 0.77 735 1.03 7.48 0.44
soil (0200 (0.3 (0.35)  (0.23)  (0.33) (0.77) (0.12)  (0.3D)
Subsoil 712 0.58 7.37 0.61 737  0.68 7.19 0.72
0.16) (0199 (037 (0.17)  (0.14) (0.47) (0.12)  (0.49)
—————————————————————————— 3rd ——————
Surface  7.34 0.60 7.30 0.59 752 1.03 7.37 0.41
soil 0.23) (018 (0.22) (0.15) (048 (0.76) (0.09)  (0.28)
Subsoil  7.20 0.42 719 0.57 725 094 7.28 0.67
0.23) (019  (023) (0.27) (041 (0.75) (0.15)  (0.53)
—————————————————————————— 4th ===
Surface  7.10 1.01 717 1.10 735 099 7.35 0.73
soil 0.18)  (0.04) (015 (015  (0.34) (0.73) (0.19)  (0.46)
Subsoil  7.27 0.79 7.29 0.76 740  0.78 7.41 0.56
(0.15)  (0.09) (0.1  (0.04)  (0.36) (0.50) (0.18)  (0.27)
AR A FAALY FEAE REAAA i AEAA e TS B tH(Table
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Table 86. Total Nitrogen (TN) and Carbon (TC) of pepper and tomato cultivated silt

clay loam. The values in parentheses indicate standard deviation (n=3).

Pepper Tomato

Chemical Chemical

Fertilizer MLE 1.0x Fertilizer MLF 1.0x
TN TC TN TC TN TC TN TC

(g kg-1) (g kg-1) (g kg-1) (g kg-1) (g kg-1) (g kg-1) (g kg-1) (g kg-1)

——————————————————————————— st ———7+"-"-"-—
Surface 1.05 9.84 1.07 11.98 1.35 11.07 1.19 10.61
soil (0.31) (2.00) (0.08) (2.16) (0.43) (1.14) (0.44) (2.31)
Subsoil  0.67 6.76 1.00 9.46 0.82 8.44 1.06 9.61

(0.14) (2.03) (0.18) (1.96) (0.39) (2.92) (0.39) (2.16)

——————————————————————————— 2nd ——————
Surface 137 10.39 0.92 8.25 1.51 11.46 1.08 10.00
soil 0.07)  (1.34) (0.15) (1.14)  (0.61)  (3.00) (0.38) (1.88)
Subsoil  1.08 9.40 1.01 8.82 1.05 8.25 1.09 9.16

(0.05)  (0.63) (0.04) (0.43)  (0.58)  (3.52) (0.57) (3.55)

——————————————————————————— 3sd ——"F——"-"-"-——"-"—-"""""""--
0.98 8.39 1.04 9.23 1.44 9.91 1.06 9.89
Surface
soil (0.14) (094  (0.01) 0.07) (042  1.01) (017 0.17)
077 6.98 0.89 771 1.33 10.31 1.09 9.83
Subsoil
024) (13D (022 (L.O7) (034  (417) (050 (2.66)
——————————————————————————— S
Surface 137 10.16 1.36 10.23 131 9.44 1.42 11.83
soil 022  (316)  (0.07) 056)  (043) (054  (0.43) (2.11)
Subsoil 1.2 9.33 1.24 1052 1.23 9.62 1.18 9.98

(0.05)  (0.68) (0.18) (1.41)  (0.21)  (0.65) (0.25) (1.42)
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Table 87. Ammonium nitrogen (NH, -N) and Nitrate nitrogen (NOs; -N) of pepper and

tomato cultivated silt clay loam. The values in parentheses indicate standard deviation

(n=3).
Pepper Tomato
%gﬁ?ﬁiggg MLF 1.0x Chemical Fertilizer MLF 1.0x
NH/-N NO;-N NI/'-N NO;-N NI/-N NO;-N NH/-N NO;-N
(mg kg  (mgkg!) (mgke!) (mgkeg!) (mg kg (mg kg ") (mg kg™ (mg kg™
———————————————————————————— Ist ————
Surface 316 69.25  1.06 17207 1350 7436 430 62.48
soll (252)  (4412) (114)  (3048) (1540) (4135  (567)  (1691)
Subsoil 199 4489 3.00 81.33 286 3612 596 80.66
(126)  (2318) (284)  (4913) (117) (1754  (688)  (2819)
———————————————————————————— 2nd ————————
Surface 3467 4008 034 4881 3425 2816 312 76.84
soil (30.15)  (12.80)  (0.59)  (494)  (4467)  (2494)  (422)  (99.13)
Subsoil 1522 8895 0.99 5622 961 2025  1.03 40.18
(1671)  (67.54) (172)  (1890) (335  (2436)  (0.89)  (30.42)
**************************** 3rd ——
Surface 028 10441 021 10072 8515 26137 042 59.38
soll 048)  (67.40) (0.36)  (5497) (14749) (217.96) (0.73)  (66.95)
Subsoil 000 7563 0.00 9961 1322 11155 020 137.73
(0000 (5351) (0.00)  (73.73) (22.89)  (152.33) (0.34) (17387
ffffffffffffffffffffffffffff O
Surface  0-00 301.83 3134 29553 0.00 31478 0.00 164.58
soil (0.00)  (70.78)  (1828) (3556) (0.00) 28591  (0.00)  204.61
Subsoil 000 21164 2819 19542  0.00 18496  0.00 84.42
(0.00)  (2883) (1862) (4445 (0.00) 12445  (0.00) 9474
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Table 88. Growth of pepper and tomato. The values in parentheses indicate standard
deviation (n=3).
Chemical Fertilizer MLF 1.0x
Height Fresh mass Dry mass Height Fresh mass Dry mass
(cm) (g plant?) (g plant?)  (cm) (g plant’) (g plant™)
Pepper
Shoot 84 102.79 18.32 39 116 23
(2.65) (22.86) (3.31) (7.21)  (27.01) (2.74)
Fruit 153.78 127.82 432 184
(55.16) (24.49) (139.74) (19.82)
Root 21.22 3.57 19.97 3.38
(4.70) (1.33) (3.93) (0.97)
Tomato
Shoot 240 608.54 96.04 252 605 106
(29.54)  (280.25) (53.38) (15.14)  (139.25) (7.68)
Fruit 528.55 93.80 582 92
(310.28) (15.26) (202.87) (14.33)
Root 46.84 8.54 35.46 5.55
(15.54) (3.63) (1.00) (0.63)
3ol WEErES] A% SAS Table 889 2vh wFE 23 Aolsh AFW, ATY
e due) AFH AFgel Az v EFAn AT Fen ATy B

ARk 1S e PE,

AR Ao il Ta
st g A=A 2 7hed o}
Hl 2 A3 un ofn] Ao g5l F

Table 89. Fruits characteristics of pepper. The values in parentheses indicate standard

Fgol sty

bob wa A ol

g B
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¥ & Atk BEEER
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, A AR =

Egoue A4

D5 rhas R 5

deviation (n=3).
Pepper
Chemical Fertilizer MLF 1.0x
Number of Diamete Number of Diamete
. Length . Length
fruits per plant r fruits per plant r
(ea) (mm) (cm) (ea) (mm) (cm)
Fruit 17 16.00 12.63 32 17.08 12.07
(6.43) (1.41) (0.85) (8.77) (1.12) (0.32)
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Table 90. Fruits characteristics of tomato. The values in parentheses indicate standard

deviation (n=3).

Tomato
Chemical Fertilizer MLF (1X)

Number of Sugar o Number of Sugar o

) Acidity ) Acidity
fruits per plant contents fruits per plant contents

(ea) (Brix) (%) (ea) {Brix) (%)
Fruit 59 6.24 1.19 66 6.62 1.14

(22.00) (0.71) (0.30) (3.02) (0.92) (0.26)

SENE duje] EAL Table 89, Table 909} #tl 3= ¢y A4, ZAo]
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Table 919 Zth. #Z9] S AAss drle 159 YEEE BFoA Fehist
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Table 91. Total Nitrogen (TN) and Carbon (TC) contents of pepper and tomato. The

values in parentheses indicate standard deviation (n=3).

Pepper Tomato

Chemical Fertilizer MLF 1.0x Chemical Fertilizer ~ MLF 1.0x
Day

TN TC TN TC TN TC TN TC

(gplant-1) (g plant-1) (g plant-1) (g plant-1) (g plant-1) (g plant-1) (g plant-1) (g plant-1)
Shoot  0.60 0.24 0.59 0.24 211 0.80 2.26 0.90

(0.15) (0.06) 0.07) (0.03) (0.99) (0.39) 0.21) (0.05)
Root  0.08 0.03 0.08 0.03 0.14 0.06 0.10 0.04

(0.03) (0.01) (0.01) (0.01) (0.06) (0.02) (0.01) (0.00)
Fruits 353 1.72 4.31 2.14 1.60 0.73 1.93 1.15

0.22) (0.11) (0.76) (0.39) (0.09) (0.04) (0.85) (0.86)
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Table 92. Ca, Mg, Na, and K of pepper. The values in parentheses indicate standard

deviation(n=3).

Pepper
Chemical Fertilizer MLF 1.0x
Day
Ca Mg Na K Ca Mg Na K
(g plant™) (g plant™) (g plant’) (g plant’) (g plant™) (g plant") (g plant”) (g plant™)
Shoot 0.01 0.20 0.39 0.52 0.01 0.25 0.51 0.63
(0.00) (0.03) (0.06) (0.06)  (0.00) (0.05) (0.05) (0.08)
Root 0.04 0.01 0.02 0.10 0.04 0.01 0.02 0.07
(0.01) (0.00) (0.00) (0.04)  (0.02) (0.00) (0.01) (0.04)
Fruits 0.00 0.23 0.16 3.27 0.00 0.34 0.32 448
(0.00) (0.04) (0.05) (0.70)  (0.00) (0.02) (0.16) (0.18)
w3e] 2%, we duje] wekgls B4 ATE Table 9201 UERATH Ca o 4% 3k
H 5 Aot Ax S EFAu] Aol A Zol7t FolvnehA gttt ngdae] &
of Ax wAE EFAH A FolA =2 TS Hola dow, 535 Aujo el ghke]
shstulE ARk o 2w Aol W oled Avke nFel A2 FUa F v
2T A Hola ed, Ax AR EFAN e e Rl H=o AH, 53] el
FEFS VAL Aves & F U

Table 93. Ca, Mg, Na, and K of tomato. The values in parentheses indicate standard

deviation(n=3).

Tomato
Chemical Fertilizer MLF 1.0x
Day Ca Mg Na K Ca Mg Na K
pla;i ,  (EpetD  GEplntD (gplntD) g plnt)  (zplaneD (g plntl) (g plant-)
Shoot  0.07 0.77 2.71 2.49 0.07 0.80 3.05 2.37

(0.04) (0.53) (1.76) (1.64)  (0.02) (0.14) (0.33) (0.34)
Root ~ 0.12 0.01 0.03 0.18 0.09 0.01 0.02 0.11

(0.05) (0.01) (0.01) (0.09) (0.0 (0.00) (0.00) (0.01)
Fruits  0.02 0.12 0.03 2.36 0.01 0.04 0.10 1.96

(0.01) (0.03) (0.03) (061 (0.0 (0.07) (0.04) (0.32)

24, We), Quje) mwas BAATE Table 93 Ve #gEn

v Az AR £ AeTsh SeHE ATk s gwen 24U o

S Ads PeEnEY 4% A% 54 U Table 889 duls] 54 Ao Table
H

ofE Aol @ ol Ax MAE EFYRE Aad HEREA HED}
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15 a7 atom (% )excess of sample
15 atom (% )excess of fertilizer

NDFF(%) =

NDFF(gNkg™ 'soil) = NDFF(%) x TN(gNkg™ 'soil)
ek A gk vge] tig 3eE&e v o] ek

Recovery (%) = NDFF (g N)
Nitrogen fertilizer (g N)

FALPN) 54 A% S £ Bdeke] e uFe WS EvESY 3]58(%)
I Eo A 3FE(%)E PN atom (%) BAZAF}E wigro 7 AE It 23 Table

943} Table 95, Fig 1771 Y ST},

Table 94. PN atom (%) and N recovery of pepper and tomato. The values in

parentheses indicate standard deviation (n=3).

Pepper Tomato

Day BN atom Recovery BN atom Recovery

(%) (%) (%) (%)
Shoot 0.39 2.01 0.39 18.76

(0.01) (1.49) (0.01) (8.15)
Root 0.39 0.44 0.39 1.04

(0.01) 0.21) (0.00) (0.38)
Fruits 0.40 15.02 0.40 .57

(0.00) (6.09) (0.01) (1.96)
Total 1.18 17.97 1.18 21.37

(0.02) (7.79) (0.02) (10.49)
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Table 95. N concentration and recovery of pepper cultivated silt clay loam. The

values in parentheses indicate standard deviation (n=3).

) Ammonium nitrogen Nitrate nitrogen
Total Nitrogen . )
(NH; -N) (NO; -N)
BN atom Recovery N atom Recovery N atom Recovery

(%) (%) (%) (%) (%) (%)
Pepper
Surface 0.41 7.15 0.40 0.08 0.42 2.28
soil (0.03) (5.54) (0.06) (0.10) (0.03) (1.09)
Subsoil 0.41 6.08 0.38 0.06 0.42 1.40

(0.01) (2.50) (0.01) (0.06) (0.02) (0.19)
Total 0.82 13.23 0.79 0.12 0.83 3.67

(0.04) (6.32) (0.07) (0.16) (0.05) (1.28)
Tomato
Surface 0.45 16.22 N.D* N.D" 0.48 1.92
soil 0.02) (4.96) (0.05) (1.49)
Subsoil 0.41 6,49 N.D* N.D* 0.49 0.70

(0.02) (1.72) (0.11) (0.91)
Total 0.86 22.72 N.D* N.D* 0.97 2.62

(0.01) (3.92) (0.16) (2.40)
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Fig 177. N recovery of pepper and tomato.

B AFE PN atom (%) Friel EAse] Ax nAE Egouzre fss Ak
g FH3to] 444 MR GAAZAL HsHe FARTA gtk 2 FARCN) E
A gl sl FAXCN) EA AT EFAue Ard 4R JBA FrUS
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AAe BFE Bl W, sehuE AT RS AAHE B 5 Ak B, oy
o) FA2% viiol Tre F2NHAN, NOSN)2 E4shs Aoz nob oue Aaus
BAAZA A5HL S 5 dAch ek YE0 AR TGS o] 540 ne}
HAsA AgHtn A2 g ng fAT & 92 Ao And
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IR | X E
vviv)E ¥ F 45H 152 A4 A1, 2, 3, 4—r7>z]]<>ﬂ /xgzu]xg% EGLOHB] /ngoﬂ 1

FHl5, SV E+FPsds 47 TET 50 ml"’“ Agstdet. A 5FA] aFAH
(Phytophthora capsici (KACC no. 40483))7 ¢ +F#H5 x 10° f+FA/ml) 5mlE <3S
oo el J3F 50, 2, 6, 10, 1569 A7z sk AA D AAF, e AALE, HaEAl
Eh PURELES ZASUL AF £E 2AL UC, B 2AL 12000 Ix 2 B F)

Ao g gtk B Ay Ay BAAE SAS T2 91 WA (2006
Abg3te] 5% 42F ol 4] Turkey's Studentized Range TestZ A A&} 9]t}

HU
ox

(1) A3 27

AT 1 (G): A% (Grass media)

AT 2 (GM): Ax1AAE &3 8] (Grass media + Microorganism)
8] 3 (F): B3l = (Fertilizer, 21:17:17, 3 g/L)

Ae T 4 (FF): &4 % % (Fungicide, /12=®, Gs¥ot1z, 1 g/L) + HFH &

(Fertilizer + Fungicide)

Fig 178. 1153%% FE A3 B

Table 96. A=W AE A0 =4 ®
gk A8 (g/L)

A % (Grass) 178
Q4(46% A A) 2.8
21 2H(20% P-0s) 8.8
A3t 2HE(60% K0) 1.6

MgSO4 . 7H20 1

CaCl, . 2H50 1

Yeast extract 0.1
NagMoO4 . 2H20 0.05
ZnSQO, . 7TH,O 0.06
AR E(Chitin powder) 0.8
A gtel 2 (Gelatin powder) 0.2
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Fig. 179. Phytophthora capsici = *H(zoospore) 555
SAakaten) 7 (BX 41, Olympus) 1504,

(2) Root mortality ZA}

ZAHA T Fig. 101014 2iEnkel o] Wyt 7] & Algbe] Aol whel A2 -3F 4e
2 bgo] zpolE HTh wpAuk 15U A A FF A2 77 7bd ¥l xAbgo] wgkont
GM A7 FA4 F8E HolA &%, 1 o= Fof G AT £o2 UEY
th. GM A2+ FF 39 A4 Fo4ds Holx &ghs Wrtelye} Feb G A9
2205 vl Pg w FFS Zolrb dFol TAEAT o= GM AUt HeddS 9
Ast=d 2340 A8S dS Aoz ARFHAY (Fig. 180-182). =3 Fig. 18304 H+=
vhepdo]l Wely 7l 1594 G 9F F Aol 1253 o] A== Aol Wol eyt
SHA R GMol A= A2l B¥A o] YERA] eF gkt

BO -
70
60
s

40

oot mortality (%)

30

0

10

Fig. 180. &l u}
G Az, GM: A zmrA

—=
]

A

ol _1&1
ACH

N

>

o
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Day-0

Dav-6

Fig. 181. AH(Zoospore of P. capsici) 8% 0, 644 1L
G Bz, GM: AxvAd=ed A, F 535, FF d4%

Fig. 182. ZX}(Zoospore of P. capsz’cf) HAE 1674 1545 e XA BF
G Az, "gzul e 941, F 535, FF: A 5o+ 53 5
GHF ﬂﬂ‘?oﬂ 2 SRR BAE FFo] 1F 9o Yo R sk By A}
s
L=
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Fig. 183. 5 A Zoospore of P. capsici) A% 15YA 1F2E2] H4G.
J = ok 5
=

4
G Az, GM: AZPARES An), F: B0, FF: 34%

() AzmAE EFAno] o3 F=
Oh) FAEA e HagA s 573

F2AHEA e WaHkAl &4 chitinase, B-1,3-glucanase, cellulaseE ZA}F5}H7] 4] 30
1 91 7 (Phytophthora capsici zoospore) # A $5EH 1547FA &4 At} Fig.184(A)
oA H=rkel o] chitinase €42 %7 WAw #E F G HHFoNA = 2¢7HA,
GM, F, FF Ag7= 697tA 71 stoen, 1 & #Hadtes 2= TAEAT vk
2 2AEd Q1 159 A= G, GM, F A3 A4 fefde] Bolx &9kal, FF A8+
oFe] FrolAdut xAE AT Fig. 184(B)ol A HE=nkel 2ol glucanase 8L 27] ¥ Y
A 5 G F AgTelA s 24704 F7stth 7 4skeal, GM % FF A 2] 7ol A
0L A e 1594 74 AL 723 Cellulaseo] ™3 &4-& Fig.184(C)oll A H
Hiel o]l AL 1594 FF A& +7F 7bd =9k, GM A g7 7HE v& 848 4y
EF AT

al

e e =

40 -
(A) 38 -
36 -

34 |

32 +

30 | *h

Chitinase activity
(unit/g fresh weight)

28 A
26
24
22 ——FF

20

0 2 6 10 15

Days after zoospore infection
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(B)
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. a ab a
= ab. b ;b
g % s o :ﬂﬂhm a
[ T]  —
o 2 R a
g = < I G
g8 6
S = b -=-GM
=
B F
E E 4 FF
2 i
0 T T T T
0 2 6 10 15
Days after zoospore infection
45
©)
40 - a
35 A = a a
= a
z3 30 b : 2 .
% 2 % b AD al
g3 .= 25 - s ~ G
v B ] ~2 be —=-GM
L_":_ o= 20 + C Er——- —iC L
=2 =] F
3 E 15 il
=5 FF
10
5
0 T T T :
0 2 6 10 15

Days after zoospore infection

Fig. 184. n53#E <o WAl as  chitinase (A), B-1,3-glucanase(B)
cellulase(C) &4. G: Az GM: AU ABEES 4] F: 5345, FF: §H 5F+5

Bl

(th) a3 o] WA e 54

a3 B e WA &4 chitinase, B-1,3-glucanase, cellulaseE ZA}s}7] 3l
1 913 (Phytophthora capsici zoospore) 4 Z$HE 15471#A 4 sttt Fig.
185(A)oll A Hi=nle} o] chitinase A2 7] WY 74 & ZE A FollA 6471
A F7rekh. 1 3 At zpolE Btk whAE 2ARA 9 159 A= GM A= T
N TAA FeAdo] vElwta, 7 =2 o] Bt A FoF FFIRe] o)A
AL, G AgFolA 71 & &S B Glucanase €732 Fig. 185(B)ollA K=
npe} ol x7] WA IE & Fretth AL, 1594 o] FF A8 77 & A

3]

T vlEte] 7 e F4S JeWa, EAA F94S BT} Cellulased] ot &4
< Fig. 18(C)ell A He=nte o] 7 27|FY A &HAom &ido] vrol HJom XA}
15Ael = Agrb 271 e A H < S dEddT. dHes

chitinase @ glucanase &4°] GM A g7} tt& Ao vl&] =& Zo=wm Hol A
ZuAE Egtdn] A 7F BEdA o]yd a4k WHHS FU Al7IEE A o A
g nz Aoz FAIE Q)
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(A) a —
- i
25 i —ab
= ~ab b b
£5 2 be b
g s c
58 20 2 —% ¢
s ab— b c ¢
7t ab b G
S & 15 - b
E= ~m-GM
O g
= —F
10 - F
5 4
0 T T T T
0 2 6 10 15
Days after zoospore infection
60 -
(B)
a
. a
50 S S
TP e — "
= ab > ab . ————
B - . :
£ & 40 - ab il b -
% ; b r3 b ab
5Ls0 b
2
“ g
& 209 G
~m-GM
10 F
FE
0 : 3 s -
0 2 6 10 15
Days after zoospore infection
© 8,
7 - A :
= » g a
ER 1859 a = a
e i
£ _%n 5 a ““\g o a
Z = - —-—-«.gkii_ﬁ_j‘ G
55 Y acM
2z 4 a )
= Lo a T
S8 2] FF
2
1
0 T T T .
0 2 6 10 15
Days after zoospore infection
] = L= H =) = L)
Fig. 185. 13#E ®alo] WA &4 chitinase(A), glucanase (B) %
24,
- - o = = - - o -
G Az, GM: AxvAEES} A¥] Fr 5908, FF: 4 s of+ 531 5.

(th =< Wole el as &4 =4

cellulase(C)

EoF Yol Ao HWaAl &4 chitinase, B-1,3-glucanase, cellulaseE FA}sl7] 98] H

€l 7 (Phytophthora capsici zoospore) 7+ 2%
(e}

B 15974 =4 s+ t). Fig. 186(A)

=]
b T
o A X i=ule} o] chitinase &2 7] WU H F EE A FoNA 1094 71+
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=2 A4S BEYa, 15¥9AE EE ATt 1084 Ho e A4S BEorh
Glucanase @42 Fig. 186(B)ol A HE=nkel o] GM % FF A&+ 64A7tA =7}

stok 109 A 7EA] 54 38] 7HAste] 1569 A 71A]
29 A7 A F7rske] Hae] FAHS HA
Fig. 186(C)ell A H=nle} o] 714

’

Z7)HE 2 A =

R

T7F 154 A 74A]

3L T

4 B34S Btk A3A o7 chitinase, glucanase 2 cellulase &4 o] GM # g 77}
e Aol HE =2 Zom Hol AxvWAE EdH] AR Qld] EFA AL o
g3 24 BdS S AR Aow Al WA A FFS vl Zlew Ady
At
1.6 -
(A) a ”ﬂ
1.4 - o a__—— —ab~\,
P < PR
12 > ab ab
o 7 b b ab
2 _ =" ab b
53 - ¢ b
e D
g = 0.6 G
- GM
0.4 &
0.2 FF
0 T T
e} 2 (o] 10 15
Days after zoospore infection
0.7 4
(B) . .
0.6 - a g
5 -— 3k \\
2 os b b BN\, A
f % ey a
g2 = b b . ————
§ é‘) 04 . 9 Bl
= = b
c"‘f 0.3 c 2
= b
0.2 G
= GM
0.1 F
FF
0 T T T
0 2 6 10 15
Days after zoospore infection
(C) 14 4 a
a e a
12 = e
% ab ab - \\'—\;,¥7A A
=010 - e be o 3
; 8 c c 2
= €
= " GM
8 % F
FF
2 .
0
(0] 2 6 10 15
Days after zoospore infection
Fig. 186. £ U &4 chitinase(A), glucanase (B) ¥ cellulase(C) &4,
G: Az, GM: AxvAEEeddH], Fr 805, FF: 45 o+ 534 5.
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(4) ek =719 AA 9 AET AL

AzmAE o] a32&Edd dg 235 Abst7Ifste] G(AZRY), GM(AZH
AE TF9Y]), F(EIPR), FR(EAs+538n5)E 27 Z2EC Agsta. A8
A3} Fig. 187014 He=nkel o] ZAF 1F5H 4577404 A 7-3F A4 F94& HolA
gkokrt. ANk 57 H 67A G AEl T GM AP e {§o4 zelE BYY T

G A& A& GM, F 2 FFel A4 F942 vebbA kAt 6574 GM A g
T7F 7HE =kl ol GM A8 7 W 7 (Phyvtophthora capsici zoospore)S &3}
Ao woks Wrtolyel ZEe] dF FHAAAE AV de Ao=E AGHAY (Fig.
188).

40

L AA
B
30 | '
= AAA
3 25 il
= 2] AAAA
E 15 | AAAA
10
5 |
0 T
1 E b 6
Week afier transplanting
Fig. 187. Az A% e 1348 45 J9F 24}
G Az, GM: AzmAE Eq), F: 298, FF: $4% b2 s

45 week

58 week

Fig. 188. i154= A& 45 92 554 EF
G Az, GM: AZr A% Edeln), B B g, PR 4 oh 23 2
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529 Er}iﬂ 2 Z=7] EA= Y3 (Phytophthora capsici zoospore) 749 # 35
B 154714 =74 st9th Table 97014 HiE= npelzro] 15940 =7 AAFLS e
2T F GM 743]:%7} 7HE =gk AN F 2 FF Aok A4 Fod2 ¢l

o

At 71 AAFAA = G GMAHe] TAH 01 N, GMel F 2 FF Az 79 7+
Ae Bk Yy AT AT A%e =7 *32]7‘ 2 AA e Aol FASH
ZAE A oy AdE E ul GM A TollA AEAY I FHo] o wo] dof
g Ao gaEolx

Table 97. 3152t=9] el 4 Z7]9 Az 9 AAF

Day after zoospore ) Shoot weight (2) Root weight (g)
* Treatment
Infection
Fresh Dy Fresh Dry
G 3133 244 121 0.58
Gl 1317 164 TR .66
d F 2084 144 5 8 o
FF 3428 122 621 076
L&D
3 218 B 128 B 114 057
- Gl JLE4AR 235 AR 378 066
= F 03 AR 140A8 552 0.%6
FF [ITA 27A 822 043
LD 3137 317
5] 23 67B 1778 6.18 ]
& GM 2659 A J19A G946 0.82
F 252248 1DEAR 627 067
FF 28 L4 AR I13A8 a5 Q.43
LsD 2.7 0384
5] 13688 348 £11B .78
in [t | IToAA 4154 LTTA Q.88
E 30,28 AR 392 AR E11AR 0B
FF 005 AR 10 AR E2I8AR 075
Lsb 415 035 033
Ie] 17448 438AB TR 371 AB
i3 GM 15464 41614 CREF 093 A
F JEER AR 400 B TI0AR .68 B
FF 31 35AB 410B TE31AB 074 AB
L5D 1512 035 107 018

*Calculated mean values are from three replicates. Means with the same letter are not

significantly different at P=0.05 when compared by LSD. G: A% GM: BZvAPEE
o AH], Fr 538, FF: A s+ 5308

. XEOAM EnE AlSS5H WA 2 ARt

AzmAE g EntE ZhE Aol ik M WA 2 S Gl e AAES ¢
&  Fusarium oxysporum (KACC no. 40038)e] FA¥EAH(conidia)e= F. oxysporums
potato dextrose agar (PDA) wjA|o] HE T 26°Col A 747 w3t v dHe 42 A3
3] 242 & Whatman No. 2 98 &7 E& HFoF IAE RS v AH&s8t. Enf
E g gy 79e ErE B RygE 3 2 F dM B AR x 10°
2 /mhell 28Ek B FAAAT o & XZE (600 cm’
soil: vermiculite: compost; 2:1:1%, viviv)E %74 Ao} AdS 2]
=AM7] A SHE XE Eg A7 ARTE 13 Ayt =3 Z4 & 15, 2F
Aol Ztztel A4 dE Aeein. & 2o Ay A= SAS 2= 91 W

ek
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A (2006)& AFg3Fe] 5% oA Turkey's Studentized Range TestE 2 A

e grETd 40 NEE ARl ANE =F FAvk
L& ¥

1 \%"
£
159 B0l E B ENlE @24 B0 B '\

o 2ol

= HE

Fig. 189. ¥ | (Fusarium oxysporum conidia) 7493 EA &=

(1) A3 27
AT 1 (F): 817 (Fertilizer, 21:17:17, 3 g/L)
AT 2 (G): AZY (Grass media)
el 3 (GP): AxvAE =& N] (Grass media + P. ehimensis KWN38)
AT 4 (GSF): Az N+3Hd 5 oF

(Grass medium + Synthetic fungicide;2] =%+, A4 B 882 38]AF 1 g/L)

=749 #e = J5 HE FRAMNEE § A

Fig. 190. A 7 3 el

Fig. 191. A3+ =25

G Az, GP: A2 AR EF N, GSF: Az 345, Fr v,
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%*74] %fi A& ‘%‘%‘94 =do® B WA BHE F= FE A F WES
G Zol A A Fob G A2l 7= A 129478 2424714
skt SHAIRE GP Aol e 18dA7HA TS shA &2
Il 209 B 24U A W}Xl %‘%3}04 40% 4 =0 e B GSF A o= 224
S oA ekl 244 sl 20%8 = WHES Wtk skARE GPet
GSF A g 73te] A4 FoA42 v @dsoz Axvd=sEddne ¥oad 9
= Hvh EutEsEe] W LA AA4ms <o) =¥ i As

tg o

o] £= Al & wE g7 skAET Fig. 192(B)¢} #Zo

24 A3t 1294744 BE A TM W @4 A4 weld ggth S Fs G
AT AP 4G AFE 2497bA] A &Aoo 2 W 3A A7 7 F7keknh GP A8 T
oF GSF AHgFolAe] ¥ I Advmes dHEs FARE Jds Btk GP A2 ol A
= 8AAA W AZEE wolA ehgkn 20U A AX FAhere 15% 4w A
7t s Bt GSF AgFollA = 229 o] FHE AZfate] 244 A 7HA 9] A7 e 5%%
% mgto R 2AE
(A) 120 -
a
100
< 80
: —r
= 60 |
= -G
A be i
§ S ——GSF
8 204 v
iy y s
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Days after infection
B) ——F -G —GP ——GSF
40 a
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;\? 30 -
= 25
;E, 20
% 15 p
.g 10 - ¥
5 - b ]
0 L : g h\ ; ? S /
0-10 12 14 16 18 20 22 24
Days after infection
Fig.192. ANl=o% ¥ E 3 4%,
AzH GP: Axv A= 3 HY], GSF: AxA+3Hd 5k, F v 5.
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Henlthy tommbe plunt withont any
symphomnts of vaseular mfeetion and
infected plant with brown vascular willing
EVImphem

Healthy plant Infected plani

Fig. 193. EvlE F7] 49 A= 25
AzN GP: AZnAE Egtdn] GSF: A2N+gA 5k F: v =&,
*GPe}F GSF A2 g-9] Evie yF = stekadg 727t &
A= 7FEA AETE Fo] dE

(3) Root mortality ZA}

EntEAEo] ¥y AMES WA (Fusarium oxysporum conidia) 793 156 5-E 25
7MA ZAL BFAth Fig. 1943 7o) 5—/\} A AL 15945 259 A7 BE A2l
A A X ARE o] 57}6}0 HAAT, F 2 G A7k GP 9 GSF A FHo} 8a XA}
&o] =A dEhuth e AAE e F, G, GP, GSF o2 Yeyt. 2oz GP A
T7F Bl 5 GSF AgFHrh B A&l %AW Fof G AgFHty 9A U2 o=
Hol GPo A& ey AAES AHs] A & 5 U= AR AREH o= AxH
e EFA(GP)o] vl FaAol A w ALl ol whEolA] thabHE I A E o] A3 A ]l
PN Aow FerE o R

&0 -
50
s W
fri
'15._!:
E 30 —+=F
B -G
20 | ——GP

| et

15 0 15

Fig. 194. EvlE ] XAL&.
G Az GP: AxvAdE &

n:°“

Feinl, GSF: Bz o+3dFef, Fr v,
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(4) Az A= %LQE Hlo o3 ¥ e &dilkst a4 A}
(7)) EvtE 2ZHE oA 2] Peroxidase &4 % Polyphenol oxidase &4

WA & 491 Peroxidase &4 2 Polyphenol oxidase @49 A= HAH
(Fusarium oxysporum conidia) 7% 15755 25471%] 3o AA EvfEREo o5
al

A FH s, ZFARSFA Y. Fig. 19504 H=npel o] FAL A} Peroxidase A4
Polyphenol oxidase &4-< A} 2594 Fob G A e 7ko] §AHS 232 »9la, GPe
GSF A& 37ko] #4138 kS et Peroxidase 4 2 Polyphenol oxidase &4 &
FF, G, GP, GSF 2.2 =7 eyt

(A) 0.08 -
0.07 - [
0.06 - [ o = [
: 0.05 - I - i[ :
é_ 0.04 - i l I PG
- 0.02 - |
|
0.01 -
0.00 . .
13 20 25

Days after transplanting

(B) 1400 -
1200 -
1000 -
800 -

600 -

Polyphenoloxidase activity
(umit/g FW.)

R —
\
P S, NS  S_——

400 - /7

200 - £ .

15 l 20 l 25

Fig. 195. EvlE ¢ 9] peroxidase activity ¥ polyphenol oxidase activity.
G Azl GPr AZzvAE £l GSF: Az @A 5o e

(Y4) EvfEZE B o] A 9] Peroxidase &4 % Polyphenol oxidase 43

Haf| WA & 42 Peroxidase &4 2 Polyphenol oxidase A9 FAl:= H
(Fusarium oxysporum conidia) 7% 15758 25¢471%] 3] ZAX EvfExEo ¥
= AQFHste] FAFSSATE Fig. 19694 H=wpel o] ZAF A3} Peroxidase A&
GSF A& A vmA] Aol A A 159/ 55 209 /714 F7Fsttt 3HAet
= AgS Btl H]=d A BE X @ oA Polyphenol oxidase 4ol FAF 154 A H-H
204 A 74A F7bettr gAasteE S BTk Peroxidase A4S 2594 W A2 7t

fl
S
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A kS H.lt}. Polyphenol oxidase @42 GSF A& 47 ©r 2 Ao vl 4

(A)

1.0 -

09 - P d
Eing e i - Jf o
= 5 e GSF
2% 07 - = i
S = =7 i
Eow . &
5= 06 - 1

0.5 - :

04 - -

15 20 23
Days after infection
6000 -
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Z
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= }
é — I
2 4000 - ///”T o
= 1
: Y S iy F
5 3000 _ \ it
: 7 . GP
£ 2000 - ./ N\ GSF
I l
=
= 1000 -
=
=1
o . .
15 2 2

Days after transplanting
Fig. 196. Ev}E Pa] 2] Peroxidase activity ¥ Polyphenol oxidase activity.

G: Aol GP: A&V 4% g, GSF: Y2A+F4 ek, F: vl &,

B) et =719 A 2 AEF A

EnfEzEo] o w ¥yl L= W9 (Fusarium oxysporum conidia) 74 # &%
U742 A skslvh. Tabel 9804 K= nwpe} o] 25U Ao <] AATE BE AT+ 5
F, GP, GSF Al A2+ 7F&ol GP A2 77F 7 =%AT, Al A3 A4 Fo482
el gkdth o AAlFolAE A 15U A BE A FolA Fods HolA &2
U ERE AR 2594 GP AT e A Ttel mlel 7 =2 ghe dERiTh SR
A T7E fFoldS HolA stk e AAT B AATolA = 2AREA GP A= Tt
o2 Aol vls] 7 =2 S YErlAINE AAFAA = GSF A okRt o4 A
o5 HAa, AAFTANME G GSF A FolA 2zt fFo)AdS Bt
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Table 98. EvtE AT 2 A5

Diﬁescgitrfr Treatment Leaf fresh weight (g)| Leaf dry weight (g) | Root fresh weight (g) | Root dry weight (g)
F 534 b 0.37 a 0.86 b 007 b
G 417 b 0.29 a 0.76 b 0.07 b
15 GP 6.65 a 042 a 095 a 0.10 a
GSF 5.75 a 0.34 a 059 ¢ 0.04 ¢
LSD 1.46 0.21 0.09 0.02
F 718 ab 0.59 ab 1.08 ab 0.10 a
G 498 b 042 c 093 b 0.10 a
20 GP 998 a 0.66 a 1.26 a 011 a
GSF 7.82 ab 0.49bc 1.02 b 0.09 a
LSD 2.83 0.16 0.19 0.025
F 1144 a 0.94ab 1.45ab 0.14ab
G 751 b 0.68 ¢ 1.46 ab 012 b
25 GP 13.27 a 1.03 a 1.86 a 017 a
GSF 11.75 a 0.83bc 1.26 b 011 b
LSD 2.66 0.15 0.44 0.042

+G Az, GPr Az AR £d90, GSF: A=A+ g4 5F, F: A=

[\]
==
o
9
X
K
.
ft

o
o,
f
lo
o

N
=
o
o
ot
i
2
=
>,
ofo
2
=
it
ok
:01‘_',

WA 2 A "ot

z AE EF o HM 349} stetrls Aok HuE 98 dddidha
Aol A Adetsitt. 2 A AES iFe EvEE A& o, sstrjs %
gTet Az s EF A9 1w AR 95 A8 th(Fig. 1179 118). 318+
AYT(TDHE da FFHoZA Q4[(NH).COJ, ¢l 3 do== 8400(P0s), ZF
wvdoZ ZYK0)E A& er, A4 1hd A F A 5 idA 2 27H%&H°ﬂ z}
Agadtt. stehs ok A H(T2)= sehnlg et 37 A4 e d 2 B4 5 UHLA
2N A 22 Aglsr ek A 18 A2 H (T3 1653 w5 18 #¥] A A S
A 8 & EnfEE oAn] 1.16L, Fl—zrt Ar] 1.28L= sttt Au] 1/3vf+3}enl s 2/3
AL (THe= 42 118 A 2 H2 T 1eA 4 27H%%1H°ﬂ 77y Aelskdar, A8 e
EntEE dn] 038L, FE AH] 042LE AHstda geH|R 2/3 o= A
42 3ME Foll= BE ATl diste] 72t MR 23] 9 AH stk dAa RS

W N ol

o=
7o m AR Ax vAE EF Av|e] FETEFS Table 93 Zvh. 2E 35HH| 5 9t
ARl A" A aFek BEviEe Y Hlg AHlgES ¥ A9 8 W4 26 m X

1.0m plotell afB == o= 2gsk A3E Table 1009 Table 1010 YR Lot

- 242 -
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Fig. 197. Alg ¥4 AA =,

(T=A2]+, R=Rt&T)
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m X 1.0 m plotol] 313 ¥ += Foz 2A3t
(T A4 FHdoEA /\[(NHQ)zCO] el %%%Oi* |4 1] (P20s), 3
veao® Z(KO0)E AHEElen, A4 1Y A 2 A4 5 UldA 2 2d Hoﬂ Z}
Zb A sttt shebwol A H(T2)« st met 37 A4 1/d 4 2 A4 5 Ui
A 27 Al 2z Aelstdeh B 1) A SH(T3)= 1673F w5 13] #H] skl
A dS A 78 o 9] 128 L2 Ak AH] 1/3w+3te| 5 2/3 A8 HT4HE 4
2 e A g A & A 2 2R Al A2 AYekela, AYEe ALFe
042 L¢} setulg 2/3 55 Agstdrt. 42 3 Foll= ZE AT dste
of AejE=E 23] 9d¥ AlH] stk AFE A4S 1) WaWA A=z 2) A/
92 AES 2AE 3) ESY 2484 2 4) EGU mABE A A T AASIT

o N 12
N =

N
=

_IN
o

AFxEA A7)0 215 m x 7 m (150.5 m?)

Plot =27]: 2bmx1m (2.5 m?)
AaT 5 4
MEE 43

Aglgt: T1 (F): Fertilizer (8] &4 g])
T2 (FF): Fertilizer + Synthetic Fungicide (B]| & + 2-v+A] 2 2])
T3 (G): Grass culture (RHZVAE E§N0]; Paenibacillus ehimensis KWN38 % 7}
Az g A )
T4 (GF): 1/3 Grass culture + 2/3 Fertilizer (KWN38 7} A% w]fe) 1/3 + vl =
2/3 A=)
A& vl X9 Randomized complete block

7h Bz mAE = 949 =4

=

Table 99. Chemical composition of mixed liquid fertilizer.

Ingredient Amount (g LY
Grass (based by fresh weight) 178
46.6% N (Urea) 2.8
20% P05 (&39) 8.8
60% K-.0 16
MgSQ;, - TH0
CaClz * ZHZO
yeast 0.1
NagMOO4 . 2H20 0.05
ZnS0y - 7H0 0.06
Chitin powder 0.8
Gelatin powder 0.2
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(W) 339 shetn|a A2

Table 100. Fertilizer requirement of pepper

Urea Mono super phosphate Potassium chloride
(2) (g) (g)

Before planting 30.57 20 10.52

After 1 month 15.29 10 5.26

After 2 month 15.29 10 5.26

(th) Evte] sshils A&

Table 101. Fertilizer requirement of tomato

Urea Mono super phosphate Potassium chloride
(2) (2) (g)

Before planting 27.71 32.19 12.71

After 1 month 13.85 16.10 6.35

After 2 month 13.85 16.10 6.35

(2) Root mortality ZA}

Az AE E3dn o 532590 WHbAle e a3E Abst7Ifste] GEEVA=
T&AH]), GF(2vAEEg oA u]1/3+§?‘g}a]§2/3), F(HEH$M5), FF(HAE s+ 53v5)E
Zvzy Al al, aF2Ee] el XALES ARSI E AE G 0YEAl AlRE A
Hstol 5743 stttk =AFAH Fig. 19904 H=nkel o] Hauls A ef+-Ql FolA #
Abgo] 7H A 2AF HAL, O o E ARV AAEEY ¥ 1/3+53H52/3 AT
¢ GF= ZAMHS Y Az vAE &3 A4v] 19 A2 ++< G= FF A9 FA%4
TS Holx] ks ¥nt oy}l FoF G A 79 AAMES vl P& uf I3 o]
7t AT ol G AE T e AAES fdete WETSs dAS=d g
| < s 2 JaE A

3—10

Rl morlality (%o

F FF G GF
Treatments
Fig. 199. ] x| ALE
F: 23u 5 %, FF: %L/\Hl(-):rgl:Jr_H_@T%LH]JEJ_’ G ARV AE

GF: Az /@EE‘&E AH]1/3+E-H] 52/3,

ot

o)

’
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(3) Welsh 2710 AA B ARFE 24

WEE AR EFH e nFatEel U BNRE xASTI9Iste] GAZMAT £ ),
GR(ZP AR EF u1/3+2 80 22/3), FEFuR), FREA s )E 242 Ae
stk Ael@ A Table 102014 Hinsl o] MWzl 2 Z7lo] AAZF 2 ARZIA
2AL 309, 609 % 0AAAA Hel T3k FAA fee wolX gkl

Table 102. a152k= 2] 2 2 &7]9 AT R AT

Days after Shoot fresh Shoot dry Root fresh Root dry
transplanting| | "eAtment weight (g) weight (g) weight (g) weight (g)
F 276.8 A 413 A 184 A 34 A
FF 281.0 A 43.8 A 26.2 A 40 A
30 G 268.0 A 379 A 208 A 3.6 A
GF 258.0 A 340 A 154 A 32 A
LSD 64.9 10.7 116 1.2
F 299.7 a 376 a 198 a 43 a
FF 295.2 a 36.3 a 22.2 a 52 a
60 G 2265 a 33.2 a 20.8 a 53 a
GF 2217 a 324 a 205 a 45 a
LSD 73.7 6.5 5.7 1.8
F 144.0 Z 245 7 375 7 6.8 Z
FF 1335 Z 225 7 369 Z 6.3 Z
90 G 141.0 Z 250 Z 39.6 Z 717
GF 1470 Z 234 7 3714 7 6.8 Z
LSD 25.0 3.5 5.0 21
«Fi B3H R, FF: 85+ 530ls, G AxvAds &4, GF: A=A EEd o
H]1/3+5- 91 5.2/3.

(4) T A}
Az0AE EgAne] 1F2E 9] 43
o2 A

103014 H=nke} o] g4 304

[¢]
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Table 103. LF2HE o] F=8aF FAL

trlzsz;)l:riie;g Treatment Fruit number Fruit weight (g)
F 233 A 297.3 AB
FF 255 A 301.0 A
30 G 213 A 2856 AB
GF 182 A 229.0 B
LSD 9.7 59.8
F 388 a 5365 a
FF 383 a 5475 a
60 G 343 a 514.9 a
GF 424 a 5705 a
LSD 14.0 1005
F 388 a 536.5 a
FF 383 a 5475 a
90 G 343 a 514.9 a
GF 424 a 5705 a
LSD 14.0 1005
«F: B30, FF: §A 583308, G A2vAE &390, GF: AzvAEET o
H]1/3+5- 31| 5.2/3.

(5) B W HaldA a4 &4 xAF

Fig. 200914 ¥ =w}le} o] chitinase E4S FAF 604 A9 0L A A xuAE =&
A9l G7F vE AgTel vs g =4 2AREJAT S AIRE e A Ttetke] FAA
fod 2 gladth B-1,3-glucanase &4 F3 LA G AZF7F tb& A& ol nls] 73
=A ZAFESAT g2 AgTete] A8 g gt (Fig. 201). Chitinase 2
glucanse &4 WA 2= S WA TAEHA Ao = HedTs EY
WA o] M AeRE & F dv 2YER, HE FA4 A4S UEA 2%
Awk G Aol Aol B W chitinase, B-1,3-glucanase &4 o] %L AL uF B XA}
So] BA FALE Aol Aol & Aow AlgHT Cellulase 42 Fig. 20200 A
H=nkel o]l A 90dA G AE -9 GF A2l 77F F A8 5-¢F FF A1t =4 v
Elytt}. Cellulase:= 21 &4 2 oW (Phytophthora capsici)®] TFAFE S A St= EFA3FSH
EQl celluloses w3t A2 AE HREo el o] wAe Fagh A%
ghoh whebA Az WA gk duje] AHeld o3 EYU cellulase EAdo] Eold FH
EG Ul AE IFEY ElEE &S SVHAA EYY dd-d 9Fs AT B
Row, AHdES WAFoR A& RyA S-S WAste 3¢S vHT L HdEo

o ]
]x4

o flo

m{ﬂr
’

@ r
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t}. Dehydrogenase @4 24L& B nAETF e 47 EGuAEY gArIds 7S
el 5=t} Fig. 203014 H=1lkel #249] dehydrogenase 4] o] B & A4 <94 o] yEH
WAl AT G Aol 48] dehydrogenase 2/3°] 7Hd =4 UEhd A2 Ax MAE
3 Ano AR olF EgA ESuAEZLHe A gaE o] 71 kst

2AE BT

05
045
2 z
B 04 < z
i 5
s (38 | A
= £
E o3
g ——T
e ol
4 0.25 -
% 02 -
s 015 3 -
E 0l B
o B
0.0%
g i
30 &0 a0
Davs after transplanting
Fig. 200. chitinase &4 A}
F: Ealu]e FF: sL/K—ll-:gl':Jr%%Lu]g_’ G A xnAE ?_1;}0_‘,43],
GF: B0 YBEG ul1/3+5 3] 22/3
0.7
= 08
_'-t
%, 05
;' z
El 04 &
; R
%
4 03 A z
= —{3
8 i A ——GF
= S A
=
T 01

30 a0 90
Days after wransplanting

Fig. 201. B-1,3-glucanse &4 ZA}
F: 5305, FF: A4 s+58Hs, G AxrAdE &
GF: Bzr &g dAu|1/3+5 0] 52/3.

dt
2
=
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L35

= o
?E 1 4
§ z
— 0.8 z
;E+ —=F
2 048 4 -@-FF
2 G
K | A
= 04 ——0GF
a2
0 + .
30 Bl o0
Days after ransplanting
Fig. 202. cellulase &4 A}
F: B3R, FF 345 b B3, G Az ae Ege),
GF: Bz=r &g Au|1/3+5 1] 52/3.
60
30 i : Y
— ¥
40 A - Y
; ——F

-=-FF

g TPF ! sol 24 b
(=] s L
=4 &
ne]
H
Py
[}

——GF

=
=z
=

Days after transplanting
Fig. 203. dehydrogenase &4 FA}
F: 5305, FF: s+ 5gdus, G AxvAE &3],

H
GF: AZ0 Y EG ou]1/3+ 531 22/3,

6) BEF Wl vAA= & A
EY Wl AddS 2AE 23 2AF 30, 60 2 909A AxvAAE SR Al Got

GFA 77} FA 2k FEA g ol vlsl] Aldido] =4 Al oz Hof AxuAE &
Fon] At B Wl Altde] SV 7hA2 Aoz AAREJY (Table. 104). B =
Fo] AL A Ay P T g2 HJgFol vle) b8 =4 Jebdoh s vk 2RARA

T WA Zpol= 4 A rgbel yERhuA] ek okt
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Table 104 #3%ol, A, WA 7HA| W 3E AL

Days after Treatment Bacteria Fungi Streptomycetes
transplanting (x107) (x 10% (x10°)
F 172 B 129 A 45 A
FF 6.7 C 73 B 3.6 A
30 G 283 A 52 B 55 A
GF 20.8 B 6.9 B 42 A
LSD 3.5 4.0 1.5
F 527 b 35 a 36 a
FF 44 b 24 b 39 a
60 G 193 a 2.3 b 43 a
GF 155 a 21 b 4.0 a
LSD 7.5 1.2 0.9
F 182'Y 132 Y 56 7Z
FF 116 Z 88 7Z 6.3 Z
90 G 2718 X 9.3 Z 6.4 7
GF 233 X 10.2 Z 59 Z
LSD 4.1 2.5 1.3
«F: B3R, FF: 5o 5o ®, G AZvAE EFou), GF: Az AR 9

H]1/3+ 5 2HH] 22/3.

. 2AolA EntE AlES5H WA 2 At

EvE #3& (FivksolA Ailkets GsbE i, st sl o4n] A A
o] d3 wlg AH|FFES XA AF 48 WA 25 m x 1.0 m plotdl] MFEH= FozE AHA
gF A3E Table 101 YErAH. sSHlE AL (ThHe Ha sEdo=2ZA
[((NH2)2CO], ¢ swdo®+= &42U8(P205), #F swvdes Zg(K20)& *}JQO}»A#”%
A2 id A R A F 17H%J’/‘H 22l ZzE At shebE ol A2 (T2)=
stetul s of A A2 e d 2 A 5 LA 2 2d A 22 stk Ay 1
v A2 9H(T3)+= 16573F vl 13] #v] o AedS Ag -8 @ EvtEs 1] 1161

shAth v 1/3w+stEnl s 2/3 Ay H(THE A4 149 d 2 JA 5 1444 2 2
MEA el 247 Aelstdar, Aede 25 du] 04219 stehHls 2/3 F52 2 A 2es
o g2 3 Fele BEE A Ttel diste] Zzbe] AR 23] 9W A8 sglvh A¥
A2 1) WHaldAl AERAL 2) As/AFE AA 2 dEF 2AH 3 ESY 248949 54

o - s N =
R 4 B mAE F A & AAEIH

<
N

[0

t
b

(1) @ E 9 Az2e

EntE ¢ 8l 7)o A9 W3 A= EntE AA 5T 6094 L 0YA 2Abe T =
Ab A3} Tabel 105614 Be=nkel Zo] 6094 H3uls A<l FolaA < 42 171°ﬂ*1 ks
al a7t b =A vEhgt 1 gS o2 GF, G ¥ FF Ag T o2 ZAE S 31
% GF, G 2 FF 2o SAA Fo)de YA etk 424 0dA Halls Are 23
F AglFelA 7bd =2 galE i, 7 o522 GF, G ¥ FF 22 YEyt A%
) AE ATl G FF Ao vls] A et A, F A8 Tte] vls)] @ 2oz B
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of EvtE AEY 9 @ F/00Me] WAE o= AR d¥e Aom AR ok

Table 105. EvtE & 3 Z7]0lA o] Hal A}

Days after

transplanting Treatment Leaf infection (%) Stem infection (%)
F 183 A 205 A
FF 55 B 78 B
60 G 78 B 11.2 B
GF 95 B 126 B
LSD 5.0 7.1
F 355 A 394 A
FF 183 C 152 C
90 G 22.6 BC 17.3 BC
GF 24.3 B 255 B
LSD 49 8.9
P B, TR GA 5 HBANE, G AZT A% o, GF AZrAEET o
H]1/3+ 530 5.2/3.

(2) Root mortality A}

AzuAE Edn e EntEzEe] WAl s &35 ZAbs7] 98t G(AZA
2 Egdn)), GR(ZAEEF °“H]1/3+3%—ELHIE’2/3) F(531 %), FF(3Hd s ok+ 531 8)
S 7474 A, EvtEsdme] e AAES A9 = B F 0dA AR
& At 548 sk ZAPE I Fig. 204004 Henkel zro] ERtulg A<l FellA
W A ALgo] b A AR HAA, oo R GFR ZAESIT 7B vhe He A AL
&5 FF A T2 2A AR G A F9 BA4 fFodAdS wolA gt olyst 2
HE Az vAE EF A8 HZIHG A H)7F Y AAES fuske HdTs oAlE
o 294 84S S o ARFHAY

Kool mortality (%6)
= .

E

a
(H]
[
{ I
0 I
F FF G GF

Fig. 204. %2] XAbS AL
F: B3 & =, FF: 6Lx—]l-:ol:+£61-a] =, G: AN AE

GF: A xm| *3%15 8] 1/3+35 1] 5.2/3.

(ol
s
2
=
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() ek =719 A H =T 24

EvtE 259 A5 ZAMAF Table 1060014 H=nkel o] G2 5 3094 A/ Aol
BAS, AAlT B2 A AAT, dATAM 424 Be A3t Zel7b yEhA okt
A2 609 A A A AGE Aol oAM= A APt Zolrh ulew, ALFE AT
R AATAM = GF AY77F 7 =A 2AF HAaL, AR A 2 AT E G
A7t 7 =4 2AREAY. A 0L A =AF Ay AR Aol dA= 2 A3t
Zpol 7k gl om, A5 AAT, AAT R Ak AT, AAFT2 F A2 77F 7HE 9
ZAFE QAL G, GF 2 FF A g]773ke] A5 Apol= gl Aem 2AE AT

Table 106. EvlE A& AH XA}

Days after Shoot length | Shoot fresh | Shoot dry Root fresh Root dry
transplanting | | rcatment (cm) weight (g) | weight (g) | weight (g) | weight (g)
F 193.3 A 364.0 A 486 A 185 A 3.8 A
FF 20777 A 461.0 A 583 A 205 A 40 A
30 G 1985 A 492.0 A 65.6 A 206 A 43 A
GF 193.0 A 4370 A 60.3 A 186 A 42 A
LSD 51.0 2315 24.5 45 0.9
F 264.0 a 5554 b 81.8 b 199 b 43 b
FF 260.0 a 7187 ab 994 ab 24.2 ab 4.7 ab
60 G 263.0 a 675.5 ab 1004 ab 25 a 52 a
GF 246.0 a 735.3 a 1039 a 21.8 ab 49 ab
LSD 424 178.0 21.1 4.8 0.9
F 2700 Z 571.0 Z 8.3 7 242 7 74 7
FF 288.0 Z 721.0'Y 1143 Y 219 YZ 94'Y
90 G 294.0 Z 751.0Y 1194'Y 312Y 106 Y
GF 27710 Z 6790 Y 107.7'Y 291 YZ 95'Y
LSD 45.6 100.8 25.2 6.9 1.8

*
)
f
o
)
il
)
&)
]
oX,
off
L
+

¥R E, G Axvde 9], GF: AxmAEEE o

H]1/3+5- 1] 52/3.

(4) Z=3FeF A}

EutE g g 2AME I Table 107914 B=nkel o] A2 30U = 9 AT
oAz A3t i}olﬂ AATH A2 6044 2 NEA= Ax vAd= S A8 A
1 GolA Faet o] 7HE =A vEbR ARt GF A g-ekel A4 FeAdS WEUA
e
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Table 107. EvtE & 8k ZAL

Days after . . .
) Treatment Fruit number Fruit weight (g)
transplanting
F 248 A 228 A
FF 220 A 246 A
30 G 246 A 257 A
GF 247 A 230 A
LSD 15.0 196
F 26.8 b 475 b
FF 272 b 435 b
60 G 39.1 a 618 a
GF 392 a 517 ab
LSD 10.5 138
F 212 7 442 7
FF 225 7 456 YZ
90 G 290 Y 536 Y
GF 217Y 484 Y7
LSD 5 90.2

P B R, FF: G4 soh B, G AzuAE egan, G Azn4eEd o

B) EG Wl HaHA a4 4 A
B Yol A9 chitinase, B-1,3-glucanase, cellulase % dehydrogenaseE FAFsH7| 98] &
npE HA T A 30Y, 60 ¥ 90UA a4 S S AT Fig. 2059014 R E=Hket
Zo] chitinase A& ZAF 904A Az vAE =5 AU AU G7F O E A Tl ]
d 7HE =A ZAMEAY sHAT gE Aokl FAA oS st B
-1,3-glucanase &4 T3 904A G A F7F o2 Aol vlal 71 =A ZAREAA] T
g2 g Tote] A4 folAde gt (Fig. 206). Chitinase % glucanse &4 & WA 9
} WAlstE EAE4 o] =4 Uedss ESde #HA S 7kgk A

i

N

12 o]

a4 Hol] F 7
o7 B F 9. & G Ay FolAe EAUW chitinase, B-1,3-glucanase &4 o] =2 A&
EntE B XAbgo] BA 2AbE Aatel dado] deEAoE AtsETh Cellulase &4

Fig. 20714 Hzuhel o] A 904 G A& +¢ GF Ag+7F F A&+ FF AT
Bl =4 Yebgth ol A xd E3E celluloseo] 23] =YW cellulase &4 o] G+ GF
Aol =A JElhd Aoz AlgEojFth o8 s B cellulase B4 T Eg Enf
E iy e E AdAst=d 9SS v H Ao R Az E At Dehydrogenase 84 =4S
E MAETHY 49 EGrAES] garg s S Ul ETh Fig. 20804 B &=t
o} %Fro] dehydrogenase Z/do] H| & FA% froldo] vetubA FdAT A4 + 304, 60
A 2 LA G ATl A dehydrogenase &Aool 71 =A YEhd AL Ax wAE
3 Anjo] AR 3] EYdA EYmAETHe 43 dAtEsel 7 Edbsitie
AE HoAFAoh

il

s
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30 -1 20
Davs afler ransplanting
Fig. 205. chitinase &4 ZFA}L
F: 2302, FF: @45 2808, G 42r 48 g,
GF: Azxr A&7 Au|1/3+5 1] 52/3.
- D7
7
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=h
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E, 0.4 z ;
= A z s
ﬁ 0¥ A : L
-] A -1
g 02 A — il
4
E' .1
=
4]
30 60 o0
Days after tromsplandmg
Fig. 206. B-1,3-glucanase &4 ZA}.
F: 230 %, FF: @45 280, G 4248 S8,
GF: Az AZEg AR1/3+591] 82/8.
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Fig. 207. cellulase &4 ZAL
F: 53v 5, FF: &4
GF: A xvAEZ3 Au]1/3+53H] 72/3.

olf
o
o
+
e
b
)
b
Q
o
v
=
o
e
ot
e
2
=

- 254 -



; A ——
- A0 A = _{:‘;_ i E
B 33 e et .
F_EI 30 A .o-'-.___'_'_'_'-__ —— t
= e E
Ty A% " b -=-FF
i ; B —
g =9 = G
F 15 —==—0F

1o

£

o

30 &0 *IN ]
Days after transplanting
Fig. 208. dehydrogenase &4 ZA}
F: izﬂ-a] E FF: 3L/\‘]lc0}i+ﬁ_61-}j] E G: /kg zu] /\g o z‘}sﬂl—cﬂ} ]j]

GF: B z7] *ﬂg%%‘ HH]1/3+5-3HH] 32/3.
6) EG W vAE A =4
E Ul Mdds A A3 Table 10804 H= vhel o] A2 304, 609 3 90
Az mAdE =3 A9 AT Gl M =4 debd AR, 909 A= GF A 2] -¢ke]
o4& vehix etk By g3l 48 2AW A3t FAe T ge A 7ol
7V =2 dEbg o83 Ayt i s A A AR fAsE A
304A G AgTolA 7HE =A vEbwth shARE A 609 R LA = BRE A1t
froldo] thEREA ekgkt.
Table 108, #3o], A, WALAT MAG Wsh 24}
Days after Treat ¢ Bacteria Fungi Streptomycetes
transplanting reatimen (x107) (x 109) (x10°)
F 7.3 AB 114 A 92 A
FF 58 B 43 B 3.8 AB
30 G 124 A 6 B 32 B
GF 99 AB 69 B 4.8 AB
LSD 5.6 3.2 56
F 35 b 55 a 54 a
FF 36 b 34 b 49 a
60 G 78 a 210Db 51 a
GF 5.7 ab 28 b 56 a
LSD 3.8 2.4 1.9
F 2.3 7 6.9 X 4.7 7
FF 21 7 29 7 39 7
90 G 52 Y 317 517
GF 45Y 43Y 4.2 7
LSD 2 1.1 1.2
«F: B35, FF: §A s+ s, G AxnAE 3398, GF: A2
] 1/3+5-31] 5.2/3.
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