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SUMMARY

1. Title

Production of microbial inoculants for the composting
of cattle manure and Improvement of compost production
techniques

11. Objective

Manure of livestock has been used as a rich source of nutrients
for farmland. Although land application of the manures is the least
costly and most efficient disposal method, composting of the manures
prior to land application has potential advantages of increasing
hunic components, eliminating plant pathogens and reducing
transportation costs by reducing the bulk mass. The owverall process
of composting involves the breakdomn of complex and simple organic
materials by microorganisms. From this point of view, the
possibilities of using microbial 1inoculants to stimulate the
composting of various wastes have been the focus of industrial
interests. Recently, a number of microbial inoculants for
facilitating the composting of livestock manures and for animal feed
additive has been widely marketed. However, it is the real
circunstances that most of inoculants are produced inadequately
without consideration of quality control by non-specialists in
small-size enterprises. This makes the efficacy of the inoculants to
be obscure and thus incurs the mistrust of users for the inoculants
of agricultural purposes. Particularly, production of inoculants in
absence of the appropriate ecological considerations rarely attains
the desired improvement in microbial activities. When considered the
potential of microbial inoculants, development of efficient
inoculants, including indigenous microorganisms that exert their
activities efficiently in targeted enviromments by proper formulation
with nutrient additives and/or stabilizing agents, is immensely
demanded.



The main objectives of this study are as follows:

1. To dewvelope a microbial inoculant that can be fed to cattle as
a feed additive to contribute to food digestion iIn digestive tract,
protection against pathogenic invaders, and fatting up

2. To dewvelope a microbial inoculant that is able to enhance the
decomposition efficiency of lignocellulose iIn the compost and thus
shorten the period for the production of matured compost

3. To develope an efficient fermentation process to achieve a high
yield of inocula and a formulation process to support microbial
viability

4. To provide scientific informations critical to the production

of high quality compost from a large- or small-scale urban compost
facility

111. Scope and Content of Research
1. Dewvelopment of microbial inoculant for feed additive

To promote food digestion and minimize putrid odor

Microbial inoculant for changing normal flora of digestive
tract after feeding

Microbes effective for composting of cattle manure

Production effectiveness for rural comunity

2. Development of microbial inoculant for composting of cattle manure

To promote rapid and effective composting

To find out indigenous microbes

Microbes for removal of putrid odor and for production of plant
gronvth stimulating factors

Production effectiveness for rural comunity

3. Other research activities

To figure out problems from existing microbial inoculants
To provide scientific informations for composting process



especially microbial activities and compostedness

Screening, characterization and improvement of microbes
effective for composting,

Technical development of compost production and design of
efficient equipment for rural community

IV. Results

Through screening and varification of current microbial inoculants
and basic researches for composting of cattle manure, we developed
microbial inoculants for composting and Teed additives using
indigenous microbes. Microbial strains for feed additive includes
Lactobacillus acidophilus, L. plantarun, Aspergillus oryzae, and
Saccharomyces cerevisiae, and Bacillus subtilis, Paenibacillus
macerans, L. plantarum (or L. acidophilus), and Rhodopseudomonas sp.
for composting strains.

Furthermore, we established the fermentation process efficient
production for rural comunity. The process included simplified
fermentation process to get more than 108 cfu/ml viable cell density
within 36 to 48 hours. Also we developed easy and effective
formulation procedure by mixed cultivation of primary fermentation
product with rice bran and vermiculite, which increased the viable
count more than 102 to 103 folds.

As for the feed additive, addition of the developed additive to
calves for 2 g/day/head resulted iIn striking increment of body weight
(1.14 kg/day, 33% increment compare to control) and real decrement of
putrid odor from their manure by changing the microbial flora of
thier digestive tract.

By treating the developed microbial inoculant for composting, the
compositng process was shorten for about 5 days. Addition of the
developed inoculant stabilized the aging procedure by evenly
dispersed heating of composting pile. Fertilizing experiment on
plant cultivation using cucumber, treatment of given compost



demonstrated 2 to 3 days shorten the topping date,17 to 19% increment
of total productivity and 8% increase of the length and weight of the
fruit. The developed microbial inoculant was also proved to be
effective on large-scale production of pig manure composting.

The suggested production procedures for these inoculants were
really simple for rural comunity as using their basic equipment.
The production costs were calculated as 2,700 worvhead of calf for 90
days treatment and 3,400 won/ton of cow manure composting. Further
support will be strongly desired for developing its industrial
application.
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1
18 , 30 18
, pH 7.8 80 %
(total carbon, T-C) 43.2 %, (total nitrogen,
T-N) 2.1 % (CN ratio) 20.6 - ,
2.8 %, 0.5 % .
pH 5.5 , 1,000
ppm -
2-1 .
2-1
(cells/g soil) (cfu/g soil)
G ) 7.25 x 1010 4.90 x 107
s ) : 7.65 x 1011 1.18 x 108
s )+ 8.75 x 101 1.96 x 107
s ) + 3.50 x 1010 1.21 x 107
0 ) 4.25 x 101 1.57 x 106
C ) 1.65 x 1011 3.10 x 108
+ 7.75 x 1011 6.34 x 108
2.15 x 1010 6.80 x 107
+ 5.50 x 101 4.42 x 107
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30 , 6
22 , 22
22
(starch), (cellulose), (protein),
Gylan), (lipid) 22
(clear zone)
( 2-2).
2-2
L
) 25 37 50
G 3.9 x 107 1.1 x 107 4.0 x 104
@8 1.4 x 105 1.0 x 105 0
(30 1.1 x 105 4.2 x 105 6.4 x 105
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25 37 50
1. 6 ) | 34x 1065 | 25x 106 0
2. (18 )| 1.9x 105 | 4.0x 105 | 1.0 x 104
3. (30 )| 2.3x 107 | 1.0x 105 | 9.0 x 104
L
) 25 37 50
D) 6.5x 106 | 9.0x 105 | 5.0 x 104
as ) 2.6x 105 | 4.0x 104 | 4.0 x 104
@ ) 3.8x 105 | 8.2x 106 | 6.5 x 107
L 1
) 25 37 50
D) 2.7 x 105 | 9.8x 106 | 4.3 x 105
as ) 2.1x 105 | 1.0x 106 | 3.5 x 105
@ ) 3.8x 105 | 8.1x 106 | 1.4 x 106
L 1
) 25 37 50
1. 6 ) | 52x 104 | 25x 106 | 7.0 x 103
2. a8 )| 1.8x 105 | 1.3x 104 | 1.0 x 104
3. (30 ) | 82x 104 | 6.1x 104 | 8.3 x 104
L
) 25 37 50
1. 6 ) | 10x 104 | 2.0x 104 0
2. as ) 0 0 0
3. 30 )| 7.0x 104 0 0
L 1
) 25 37 50
1. 6 ) | 33x 104 | 6.0x 104 | 9.0x 103
2. 18 )| 1.4x 104 | 3.6x 104 | 9.0 x 103
3. (30 ) | 54x 104 | 8.7x 104 | 3.4 x 104
L 1
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) 25 37 50
1. G ) 6.0 x 106 1.4 x 106 5.1 x 105
2. s ) 3.0 x 14 9.0 x 105 2.3 x 105
3. (0 ) 2.0 x 106 5.0 x 106 5.0 x 104
2-2
( 23).
2-3
L , , . 1 (C :p mol product: g
h-D
AWYLASE | CELLULASE | PECTINASE | XYLANASE
G ) 0.692 0.385 1.640 2.510
@8 ) 0.774 0.555 1.825 1.920
(30 ) 0.793 0.989 2.405 2.928
L 1
PHOSPHATASE LIGNINASE
(u mol nitrophenol g-D) | (OD x 104ml- mv: h)
G ) 0.568 61.00
s ) 1.731 38.75
(0 ) 0.611 68.50
[ 1C > g mol NH3 / min- g soil)
E.U.
UREASE-1 UREASE-2
G ) 0.055 0.0%4
8 ) 0.688 0.713
(30 ) 0.040 0.044
L 1C : u mol tyrosine: g1 h-D
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Reagent conc. TEST CONTROL

0.2 % 2 % 0.2 % 2%
® )] 0.035 0.046 0.026 0.039
s )] 0.039 0.063 0.034 0.034
(30 )] 0.018 0.018 0.009 0.015

1.
2-4
106 cfu/g »
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lipase, amylase, cellulase, protease

xylanase ,
( 2-5).
2-4
(plate count) (¢
A 3.50 x 104 6.55 x 109
B 1.98 x 107 3.45 x 109
o 1.33 x 104 2.95 x 109
D 9.27 x 107 1.75 x 109
E 7.88 x 104 1.10 x 109
F 4.07 x 107 9.95 x 109
G 1.27 x 106 1.59 x 1010
H 8.38 x 104 2.85 x 109
1 1.47 x 105 1.95 x 109
J 1.04 x 105 3.25 x 109
K 7.00 x 106 3.05 x 109
L 1.88 x 109 5.01 x 1010
M 1.70 x 105 1.95 x 1010
N 2.95 x 107 0.90 x 108
0 5.50 x 106 1.80 x 1010
2-5>
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lipase amylase cellulase protease

xylanase

F1

F2

F3

RIRUEIIGIES

Fo

F10

F11

F12

F13

F14

, ho

activity; +, low; +, moderate; ++, high
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(crude extract)

(Hewlett Packard 5890)
Library (MIDI Microbial Identification
System, Version 3.5), ,
- 2-6 -

- 29 -



2-6>

Lactobacillus brevis, Lactobacillus acidophillus,

Lactobacillus lactis, Lactobacillus

plantarum,

Bacillus subtilis, Bacillus lichenifomis

Saccharomyces cerevisiae, Torulaspora delbrueckii

Aspergillus niger, Aspergillus oryzae

50,91 , 20,161

- 30 -

100




- 1992 6 160

2-7 2-8

7m ’ 1& ’
1977
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2-7> s C = /ha)

761 4.6 1.0 0.29 0 0 0
4,543 32.4 7.1 2.02 13 0.03 0.01
1,765 10.6 2.3 0.66 10 0.02 0.01
3,864 25.9 5.7 1.62 0 0 0
9,868 62.2 13.7 3.88 456 1.25 0.39
3,450 23.3 5.1 1.45 44 0.10 0.03

154,940 1,064.4 223.6 63.42 191 0.41 0.13
50,916 251.0 55.2 15.66 404 0.84 0.27
64,318 391.1 86.0 24.20 68 0.15 0.05

170,745 1,171.1 264.4 75.00 3,392 2.29 0.73
163,648 1,122.5 244.8 69.44 8,541 23.94 7.66
194,887 1,224.8 263.3 76.37 19,743 49.50 15.98
151,058 921.5 207.2 57.%0 4,981 11.38 3.4
126,705 750.1 165.5 46.81 8,153 19.55 6.26

210 1.3 0.3 0.08 41 0.11 0.03

1,101,678 6,998.8 1,546.2 438.6 45,974 110.02 35.19

DA ) : 22%
: 8%, ( : ) , : 32%

95%
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) (92.11.14)

2-3, 24 . 250 s
’ ’ ’ 4'54 ’ ’ Gw
L] w%) L]
< 2-8 (¢ , D) ¢ . /ha)
58 31 4 14 17 55 1 7
134 71 13 43 6 21 0 0
162 55 59 216 11 59 1 4
186 98 38 125 75 193 7 59
469 324 408 1,565 78 248 8 37
436 234 116 413 341 1,117 12 89
7,942 4,169 3,374 11,174 5,683 18,397 2,128 17,638

7,613 5,253 1,108 4,531 4,375 13,230 257 1,758
9,655 6,324 4,029 13,733 4,804 13,730 1,087 7,803
9,579 6,945 4,006 13,651 8,893 29,135 1,109 8,288
6,683 4,546 3,838 13,652 4,487 12,184 1,345 12,343
36,695 27,154 9,875 27,494 1,422 4,784 516 2,424
21,00 7,171 8,784 32,467 1,196 2,612 1,784 9,043
13,126 6,957 3,398 11,909 1,190 3,948 549 2,520

7,89 7,860 1,712 3,125 0 0 549 52
121,729 77,190 40,834 134,093 32,582 101,321 8,815 62,064

) - 50%, - 4.8 |, - 4.2 4.2 ,

- 3.7 . A , A
400 kg, 500 kg, 60 kg, 1.8
kg 1,825 , 579
, 445 , 355 7% -
BOD



; 0.6-1.0 %, 1.0
% 0.3-0.6 %
‘03
313 , 246 286
a7, 219 254
67%

< 29 , (C )
1.6 1.0 3.0 2.0 0.8 1.1 0.12
241 14.4 325 21.7 25.3 32.9 11.2
175.8 105.5 71.7 47.8 2.1 37.8 12.3
152.1 91.3 1.06.1 70.7 8.0 110.5 47.1
52.1 31.3 20.6 13.7 10.0 13.0 6.4
41.1 247 12.8 8.5 4.6 5.9 8.8
1,615.8 969.5 2,490.2 1,660.2 1,223.4 1,500.4 1,075.9
1,164.5 698.7 283.9 189.3 162.2 210.8 157.2
1,228.3 737.0 289.3 19,239 189.5 246.4 209.4
2,751.4 1,650.8 913.3 608.9 847.6 1,101.8 485.9
1,490.9 894.6 366.0 144.0 347 448.1 424.9
3,203.9 1,922.4 359.4 239.6 3942 515.5 290.1
3,%48.4 2,129.1 520.2 346.8 488.3 634.7 492.9
2,525.3 151,532 462.3 308.2 496.2 645.0 284.8
271.5 162.9 454 30.3 151.6 197.1 41.2
18,246.8 10,948.4 5,976.7 3,984.6  4,452.5 5,783.0  3,542.2
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80%
< 2-10>
) (@AD)
) 1,329,000 104,280
¢ )] 3,030,600 96,577,000
1,638,600 12,625,600
, 521,400 324,350
1,642,800 4,032,200
406,200 3,794,700
732,250 4,617,700
2,282,150 5,980,000
3,366,350 73,264,750
, 23,247,250 6,313,800
1,711,900 4.881.500
- 05
36%, 46%, 63%
2-8
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32 116

2-11 100
600
< 211> C ) D)
5 197 118
5 20,000 6,000
10 11,690 , 2,340
2 80 56 ,
c > 1 3,600 150 ,
4 21,540 60 ,
2 1,860 400 ,
1 300 60 ,
, 20%
2000
2-12

- 36 -
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’ ( ? )
44%
2-12> ( /)
18,055 12,468 2,443 1,721 2,915 4,671 15,845 58,118
17,573 6,134 2,091 1,581 2,279 3,930 13,605 47,166
316 805 295 58 126 424 0 2,204
166 5529 57 82 510 344 2,240 8,928
3.
D 700 s 155 s 44
2)
3) 110 s

37 -



4)

D)

2

kD)

2)

£)

D)

2)

3,948

55%,
36%,

31%,
1%,

45%,

21%
44%

29,195
4%

9.6%

118

17,299

63%

58,118 7/

- 38 -
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1
lipase ( ), pectinase
( ). protease ( ), amylase ( ),
cellulase ( ), B —glucosidase (cellaobiose ),
xylanase ( ), urease ( ), ligninase (
)
1.
1
80 9
90%
, cellobiose 8%
20%
10
6
3-1
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10% -20 -80

< 31>

1-1 Pro, Urea, OMC, Xylan, Awyl, Grey-brown Pseudal lescheria
(Fatty, Pec, B —glu) boydii

2-19 aMC, Xylan, Anyl, Pinkish red | Helicodendron sp.
(Fatty, Pro, Pec, (3 -glu, Urea)

3-49 Fatty, CMC, Xylan, Lig, Pec, Dark green Cladosporium
Ayl B -glu, Urea) cladosporioides

4-50 Fatty, Pro, Urea, Anyl, Black green | Penicillium
@vc, xyl, Pec, B —glu) duclauxii

5-70 Fatty, COMC, Xyl, Awyl, B -glu, Urea, | Pine green Aspergillus oryzae
(Pro, Lig, Pec)

6-74 CMC, Xyl, Lig, B -glu, Olive green Penicillium
(Fatty, Pro, Pec, Anyl, Urea) citrinum
2.
1
114
- 27
87 -
, amylolytic strain 74 ,
cellulolytic strain 72 , xylolytic strain pectinolytic strain
59 47 cellulolytic strain amylolytic strain
- proteolytic activity 80
% k)
50 29 , 30-37

- 39 -



114 amyalse, cellulase, xylanase,

pectinase (¢ 3-1, 3-2,
3-3, 3-9).
YPB 30 ,18-20
30 24 - 72 ,
DNS -
anyalse activity 16
10 1500 units - Xylanase
activity , 59 17 500 units
- Cellulase pectinase activity
500 units, 200 units 6 ,5
(€0 - 85 )
37
( 32). 29
Bacillus , 8 Xanthomonas,

Pseudomonas, Micrococcus, Erwinia, Corynebacterium

(@) »
(nutrient agar medium) , ,
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< 3-2>

S-4 Bacillus subtilis Lip, CMC, Pro

S-7 Bacillus subtilis Lip, Amyl, CMC, Pro
sS-8 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-12 Bacillus purilus Lip, Amyl, CMC, Pro
s-14 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-16 Paenibacillus racerans Amyl, CNC, Pro,Xyl
S-21 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-22 Bacillus purilus Lip, Aryl, Pro, Xylan
S-22A Paenibacillus racerans Not tested

s-23 Bacillus anyloliquefaciens Amy, CMC, Pro

S-29 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-32 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-38 Bacillus licheniformis Lip, Aryl, CMC, Pro, Xylan
S-40 Bacillus atrophaeus Lip, Aryl, CMC, Pro, Xylan
S-42 Bacillus subtilis Lip, Aryl, CMC, Pro, Xylan
S-51 Bacillus subtilis Amyl, Pro

S-60 Xanthomonas campestris Aryl, CMC, Pro, Xylan
S-64 Bacillus pabuli Aryl, CMC, Pro, Xylan
S-70 Bacillus anyloliquefaciens Aryl, CMC, Pro, Xylan
S-71 Bacillus subtilis Aryl, Xylan

S-71A Pseudomonas putida Not tested

S-72 Erwinia chrysathemi Aryl, CMC, Xylan
S-74 Bacillus anyloliquefaciens Aryl, Pro, Xylan
S-75 Bacillus coagulans Aryl, Pro, Xylan
S-76 Bacillus subtilis Aryl, Pro, Xylan
S-78 Baciilus coagulans Aryl, CMC, Xylan
S-79 Micrococcus leteus Lip, Aryl, Pra, Xylan
S-81 Bacillus megaterium Amyl

S-81A Bacillus megaterium Not tested

S-82 Bacillus sphaericus Aryl, Pro, Xylan
S-82A Carynebacterium aquaticum Not tested

S-82B Carynebacterium aquaticum Not tested

S-83 Bacillus laterosporus Aryl, Pro, Xylan
S-83A Bacillus megaterium Not tested

s-84 Bacillus megaterium Aryl, Pro, Xylan
s-85 Bacillus subtilis Aryl, Pro, Xylan
S-86 Bacillus cereus Lip, Aryl, Pro, Xylan




50

50
16 (¢ 3-5). 16
50 30
- YFB 50
, 8-10 5 , 14
amylase, cellulase, xylanase DNS
( 3-6). 50
cellulose
cellulase activity

4 Bacillus subtilis 3 Paenibacillus
macerans 1 - Bacillus

55

Bacillus ,
(Berkeley , 1984) -
30 50
- - 4 30,
40, 50
(¢ 3-7). B. subtilis Y-1 B. subtilis Y-3 30, 40, 50
Paenibacillus

macerans Y-12 B. subtilis Y-16

- B.

subtilis Y-3
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2000
Amylase
1500 —
1000 -
500 —
0
0 6 12 18 24 30 6 42
600
Pectinase
400 -~
— —
3 200
=
2
2 04 T T T T +
> V] 1 12 18 24 30 36 42
2
2]
S 1200 =
cllulase
" E
& 800
=
=
400 —
0 T T T T T T
[1] 6 12 18 24 30 36 42
2800
Xylannse
2100 -
1400 =
700 —
0 -4 T T T T T
0 6 12 18 24 30 36 42

Culture time (h)

(3% 382 FelH $4RFY TN TAUHE W
® Z3hujek V,B subtilis Y-3: ¥, B.subtilis Y-4;
(0, B.amyloliquefaciens Y-9: W, P.macerans Y-12



6 Penicillium

15Crpm 6-7

(net weight)  101:-104

2

Penicillium

52 -
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L homogenizer

1%

. 2-3
25 -
3 .
0.02%  tween 80
70% mixer
25 -50 , pH 5-9 YPB
36 -
, , 37
YPB 18 - 20
, 37 pH 6.5
36 6
- 3-3
4 (Bacillus subtilis Y-1, Y-3, Y-16 Paenibacillus

macerans Y-12) -

24
(1500-2000 Units/t )
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20-30% (200-400 Units/t )

(400-800 Units/ )

xylanase

, 200 Units/¢

12-18
xylanase

< 33>
[Bacillus subtilis Y-1]
0 6 12 18 24 36
(600nm) 0.5 6.6 7.2 - 17.3 14.9
(Units/t )
0.0 0.0 46.7 55.0 77.0 119.5
0.0 0.0 207.4 88.4 0.0 0.0 |
Q.0 42.4 242.6 168.9 87.4 46.9
0.0 49.4 258.6 | 326.8 | 106.0 107.0
[Paenibacillus macerans Y-1Z]
| @wm | 05 | 8.0 | 80 | 12.7 | 183 | 17.4
(Units/t )
0.0 0.0 4.7 60.9 75.8 118.3 |
0.0 0.0 247.7 | 1225 35.6 0.0 |
0.0 68.8 345.0 | 303.2 | 253.3 | 174.9 |
0.0 68.0 305.6 | 412.5 | 105.2 | 104.0
[Bacillus subtilis Y-3]
| @wm | 05 | 7.9 | 83 - 19.9 | 16.2
(Units/t )
0.0 0.0 0.0 22.5 63.6 120.5
0.0 0.0 169.9 53.1 0.0 0.0
G.0 58.4 175.2 262.5 248.5 182.2
0.0 30.9 258.4 | 321.0 | 101.6 89.1

[Bacillus subtilis Y-1€]
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Pectinase

(100 300 Units)

- 55 -

45

| @wom | 05 | 7.8 | 10.6 - 13.4 | 8.6
(Units/t )
0.0 307.7 558.0 | 1437.0 | 1925.4 | 392.0 |
0.0 148.5 525.7 295.4 223.0 247.4
0.0 1056.0 | 433.7 | 299.5 | 210.0 | 436.7 |
0.0 68.0 305.6 | 211.4 | 105.2 104.0
( 3-9-1 3-9-2).
12
» (sporulatian) .
. , amylase
xylanase
cellulase
. 300 700 Units
amylase cellulase 30 50% -

60



30

Cell Density (0.D at 660nm)

- 20

+ 10

45

2.0

Enzyme activity (Units/ml)

0 9 18 27 36
Culture time (h)

(2% 3-9-1> P. macerans Y-128] WA ZE o] &% THEujy U HTAHA
O, cell density: [0, glucose: M, amylase: @, cellulase:

A, xylanase: V¥, pectinase

45

Glucose (g/L)
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E 30
=
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©
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& - 20 N
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=
- %
= 3
n

- 10 2
5 3
a
)
)

0

45
-~ 2.0
g
~
n
hyad
o
=)
>
=
>
5
Q
<
3]
g
>
N
5

0.0 ' : ; :
0 9 18 27 36 45

Culture time (h)

<Y 3-9-2> B. subtilis Y-16&] UHZE o]k %} th=ujor gl FAYA
O, cell density: [, glucose; B, amylase: @, cellulase:

A, xylanase: V¥, pectinase



bcydii, Rhodotarula rubrum)

5%

(Pseudallescheria

-2

, Pseudallesheria bcydii

(

3-4).

< 34> (% remained)

28 37 45 55

100 % 97 % 52 % 33 %
Rhodotarula rubrum (1 day) | (1.5 day)| (3.5 day)| (5 day)
Pseudallescheria bcydii 99% 99 % 83 % 50 %
(Ascus) (1 day) (1 day) | (2.5 day) | (4.5 day)
Pseudallescheria bcydii 100% 100 % 75 % 43 %
(Ascospare) (1.5 day) | (2 day) (3 day) (5 day)
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NTG (N-methyl-N"-nitro-N-nitrosoguanidine)

- (starch),
(cellulcse), (protein; skim milk), (xylan)
- 100 5
. 1.5
, A20% - 250%) -
- : 10 Lactabacillus
acidophilus, L. planatum , Saccharonyces cerevisiae,
Aspergillus aoryzae -
Bifidaobacterium
Lactobacillus
(Benno , 1995) -
Bifidobacterium Lactabacillus MRS
SL L.
acidophilus L. lactis S. cerevisiae,
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A. aryzae -

3
1.
50
(Finstein , 1985).
180

37 16 .

16 50 5

.5

subtilis Paenibacillus macerans ,

Rhodopseudoronas sp.- -

Lactobacillus acidophiles Lactobacillus plantarum

Lactobacillus plantarum -

3-5 -

- 60 -

Bacillus



< 3-5>

(per 1 L DW)
Glucose, 20 g
Yeast extract, 4 g
(NHOHZSC¢, 2 g ,
NazHPCz, 1.7 g
KHZPCZ, 1 g 35-45 (C,
o MgSCs 7H0, 0.1 g
Paenibacillus nacerans FeSCs- 7HC, 10 ng pH 7.0
CaClz: 7H0, 20 mg
Trace elevent’, 2 ml
Sodiur-L-glutarate, 3.8 g
DL-malic acid, 2.7 g
KHzPCz, 0.5 g
KHPC<, 0.5 g ’
(NHHZHPCZ, 0.8 g
Rhodopseudomonas sp.- MgSC¢, 0.2 g
CaClZz, 53 mg
MnSCz, 1.2 g
Nicotinic acid, 1 mg
Tiamine-HCI, 1 mg
Bictin, 0.01 mg
peptone, 10.0 g
beef extract, 10.0 g
yeast extract, 5.0 g
Lactobacillus plantarum gluccse, 20.0 g
tween 80, 1.0
KHPCz, 2.0 g 30 (C,
L.acidophilus sodium acetate, 5.0 g pH 6.2-6.6
triammonium citrate, 2.0 g
MgSCs- 7H:0, 0.2 g
MnSC4- 7H0, 0.2 g
KHPCZ, 1 g ,
MgSC<, 0.5 g 30 (,
Yeast extract, 10 g pH 7.0

Bacillus subtilis,

pH 6.8,

30 (C

Saccharanyces cerevisiae,

Aspergillus oryzae

* Trace element (per 1 L DW): ZnSC< 7H:0, 200 ma: MnCIZz- 4HX0. 60
ma; HPBOz. 600 ma: CoClz- 6HC, 400 mg; NiClz 6HXC, 40 mg; CuSCs 4HLQ,
20 mg; NaMos 2HC, 60 ng
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HA 713 wjAE ol &3t Z EFE Azt EetAToA FFuS
(seed culture)¥t F A Mujgt oAz (sjg7))ol AE (BFF2
3-5% 435t Hujgsiact. Euie2 steslofA $ystdor, 2ulg
2 g3t AHgE wiYTl= A E HAassls] SdiM LEZE B

2 A2 §5HE 25 L E5F o] &l A zstgct (1¥ 3-10).

ll

Toodalilln

Filter

Air out

\\ \ Mineral and
Antifoam port
N\




20 L

air campressor

manitoring
port .
20,000 alr caorpressar
Lactabacillus spp.
pH
36-48
3-6 -
3-6>
(hr) (cfu/ml)
Lactobacillus acidophillus 48 1.2 x 108
Paenibacillus marcerans 36 3.7 x 108
Bacillus subtilis 36 4.2 x 108
formulation , (¢ D)

R ribbon mixer

(volatile fatty acids)
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ALA(® -aminclewulinic acid)

1978; Sasaki , 1990, 1994, 1995). ALA

(Kobayashi
glycine  succinyl-CoA

vitamine BXZ, Heme Bactochlorophyl

, glycine succinyl-CoA

ALA synthetase

ALA  ALA dehydratase PBG(Fotphaki Iinogen)
, ALA LA(lewlinic acid) ALA
dehydratase ALA .
ALA -
, Rhodopseudoronas sp. 2 -
3-11 .
glutamate-malate (GM) mediur YPB (yeast
extract-polypeptone -beef extract) medium
» GM medium .
pH 9
’ pH
pH
2. formulation
farmulation - formulation
formulation
( 3-12).

0.3

- 64 -



5 -
4 A : GM medium
£, B : YPB medium
3 3 ]
< ]
S 29 AEROBIC, LIGHT
14 —O— Rhodobacter sphaervides 1425
—O— Rhodobacter sphaeroides 1434
0 —b&— Rhodopseudomonas sp. 1437
g -
> ANAEROBIC, LIGHT
T 8- i—8— Rhodobacter sphaeroides 1425
—&— Rhodobacter sphaervides 1434
7 4 —&— Rhodopseudomonas sp. 1437
1 1 I T T T i ] ] T
0 12 24 36 48 60 72 B4 96 108 120
5. o
- 4
E
g 21
Kl
0 2 -
O
1
0
9 -
% 8+
7 -

T 1
0 12 24 36 48 60 72 B84 96 108 120 132 144 156 168

TIME

<Z1¥ 3-11> Rhodobacter sphaeroides®} Rhodopseudomonas sp. 2]

gz e] WE 4% vz




1 2
seed seed
! !
! !
l Al ’ ?
! !
! !
! MSG, Skim Milk -1
! !
! !
! !
[ I«
! !
! !
< 3-12>
. 1800
1
. 2
. 80 %
3-7).

1 ’

formulation
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< 3-7>

( 3-8).

(ctu/g) (ctu/g)
Paenibacillus marcerans 1.66 x 108 3.10 x 107
Bacillus subtilis 6.60 x 108 1.19 x 108
< 3-8
L 1
((cfu/mb)
Paenibacillus marcerans 3.73 x 108
Bacillus subtilis 4.26 x 108
L 1
1L:3:4) L:1:2)
24 h 3.85 x 109 1.70 x 109
48 h 1.23 x 1010 1.10 x 1010
L 1
P. marcerans (CONLY) F.marcerans + AF
24 h 4.32 x 1010 8.60 x 109
48 h 7.31 x 1010 6.61 x 1010
L 1
Bacillus subtilis ( ; cfu/g) 6.60 x 108
24 h 36 h
+ (100 : 50) 4.20 x 109 | 3.09 x 1010
+ (100 : 100) 4.10 x 1010 3.85 x 1010
+ + (100 - 25 - 75) 4.92 x 1010 1.40 x 1011
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L 1

P.marcerans ( ; cfu/g) 1.66 x 108
24 h 36 h
+ + (100 : 40 : 60) | 2.38 x 1010 | 1.09 x 1010
+20 ml 7.65 x 1010 | 1.27 x 1010
+ 50 ml 2.35 x 1011 | 1.10 x 1011

surea(2%), NaHFOZ(0.1%), KHPC(0.5%), MgS0<(0.5%)

) 1:2:2
60 % -
(ribbon mixer) (tray)
30
(urea), (NaHZzPC2), (MgSCoH)
102 - 103
- 50-60 %
1:2:2 ( 4:1:3)
@ )
0 )
3.
viability -
formulation
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granular peat paticle farmulation

peat-coated particle formulation

methaods)

frozen centrifuged biavass formulation

1800

- charcoal

(frozen centrifuged biaorass formulation
forrulatian

C 3-13).
107 - 108 cfu/g

ml
} (urea),
(Vgso4) 1011 cfu/g
C 3-14). 1010 - 1011 cfu/g
108 cfu/g
viability 2

- 69 -

109 - 1010 cfu/g
(NaHZPCY),



Viable cell counts {log CFL

0 )
1011 cfu/g

1.Ged 2 Mihod 3.5eed 4. Mehod
2 1

< 3-13>

- 70 -

“4

( 3-15).

| |0A subtilis ¥-12

B P macerans Y- 16|



Viable cell counts (log CFU)

O 8. subtilis Y—12

B P. macerans Y—16

Seed 24 h 48 h Mineral
Formulation process

<3¥ 3-14> AA3} FFFL I+ FHE3

=l
oS

-
n
T

—_
o

oo}

(o]

Viable cell counts(log CFU/g)

~&— P macerans Y1

30 60 180 200
Storage time(day)

—— B sublilis Y—12 J

S

(@]
N

<3E 3-15) BZ 7]7t) ulE AAL) nd 5o &g W3}

_70_



1
1.
, B :
, C :
1010 - 101
107 - 10¢
60 - 65 %
50 % -

- 71 -

pH

8.0 - 8.3

pH



9.0 - 9.3 , pH 7.0 -8.0

C 4-1).
11 60
» pH pH 8.3
9.0 pH 7.5
. 65 %
50 - 55 % .
( 42
. A, B
C, D
D
- A’
B, C, D D
D
. A
10 - 18
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TEMPERATURE

(1]
m
L]

prE WV ARIATION

& Torpkral
M
a0
aq
an 1.
ST o h‘_
-
a m
Cw
10
i
a (L] m 3o 40
Dy
an
C: Rl
m
an - &
50 L ‘-.;
40 1
(Tl S I
| h_‘--
e
i b -
i (I PN PSS L] B
a m m a 4
Dy
]
A Cmarcral

e

Day

©: Nigbmayms

4-1>

B Rayeas
L -
r ""n
"
.
e
. w
o m am M a0
I:ll,'
(R TR T
ﬁ\\
L
™ -
e
i .
[Flmge g el
L] 1 a1 an an
Dar

[ Maie
[] ] n an 1:1
T

I‘(ﬂ;q‘
-
L .
"\.__.__1
o W8, 3m 30 g
Dax

73 -

pH




%

(LN}

Tatal -

4 Ao Camtsel
af T

| "L:Ill o
2 ur "J.' 1-" ﬁ
ip |-

i 4 ] 1 18 L] Ga
Ear

4%

[T
4q -

i

a

a - [ e
Dy
Tatal -
0
i Caniral
b
s |
20| g
rd
& L -
s o
! M“.\'*.
X 1 1
0 4 B 12 18 m 4
Day
10
1 Histniyme
)
25 |
zun-t . ,IT
Is_&fﬁ_ Fh__!‘ *J’I
"
1) T | B
¢ 4 =2 8z 16 20 24
ay
4-2-1>

Caikan

S
thl,l rHaTYm

s [“I’

12 24
Bar
as
D Tearminsi
L]
‘“‘ Mn,e‘ "'-
LY
213
6 a2 & 1% 8 14 Id
Day
Hiwogen
R
BE: Enrrmr
)
28 L
zo
Iﬁ
L -y L-u..-
Wt
n 4 ¥ 12 ig ZIJ 28
L)
EXi]
1 Tmwrulant
()
R
2o+ TI I||Ir
el md
(- ﬁ"‘J - l’!ﬁ
b fe
] TR — .
1] 4 B 12 1&g 20 I4
Bay

a
& ———

ur ,l.:' "ih.'r:k

T an




i)

(L]

1%

A1 i) Y i
25
.ﬁﬂu“lﬁjfl >0
e 1 W EE 1 e
T Hiidaipm e ) an
-
jl r .ﬁ*‘q_ I'II 20
YN
- j hll 15
AT smnred e ;
4
L = ﬁL 5
'-F" \‘lﬂu’“j \. N
Ty limannpm e ) I
L - 5
W LA :

Diaw

4-2-2>

}Ntrﬂup--..r J

[T —
,

i
I Lﬁ —,
s
o - ] iz L] =0 24

rar
Ei- Imarniyme
?

]
Day
O Tfesrulams
I
oL P
] Fl $I 1‘.‘ iF a6 Ja
Day



ippm b
avon b A Cmmiral
anoe

(R ]

1a08 L !

ippm |

YT U Ernemnpm e

A
ivj \g{ |

LI

1500

TRDg

1
Day

16 D

{ppm ) A Cantrel

ippmi
L]

Toa

O Besieirm4
s00 —T

i fo%ﬁ“g

. \|

50

&oa

ang

4-2-3>

ippm}
LT

RO

1500

irppmi
S

2

ippmp

ippm}

npo

B

D: Exsgms

1,|. f“*ﬂ \f‘w’t
8 Y

L] - L] 11 (N} el

Ana

oong

500

o

w0

Ear

B Tadimlast

o VAN
[




ippm}

(ppm )

nrnd
ELLD]
anng
Fang
Aannd
Ein
apna
800

annd

LI
usipn
aubo
THOO
HRDD
SEO0
LHD0
ARDQ

2000
a

TIOO

Lppm}

ippmp

BID0

=una

difin

BT

2100

ripa
1a

Taoo

Baoo

S0 00

g b

2000

20 b

1ape
a

LR AT

T
Dax

1 Tisenrg e

ippm}

=i

& Chaagiel

(prpm)

Ly

{ppm)

77 -

inann
gaon
@aoo
Ta0n
300
Lo
Lann
3300

Fnn

1aiog

101 -

1103

rion

anoa

Ffon

A1na

ilog

2104
(]

‘ooo

Kooo

F00m

400D

ipooD

apop

oon
i

TeID

D

Loi0

{pap

Lo

roan

ioiD

E:Entymae

O lapewlank

y .

H: Emrypme

il

LI DR T T

'-ﬂh!'

a




t‘. L A& CaRirnl 1“! L B, Eadpme

T \
a0 -L;ﬁ#l LJ!' "'ll-‘L an - uﬂh‘k\_"ﬁi ,"J:.L-"'

i |- 10 | ll
10 a0 2 -
a i [ i ia i 14 1 [} 4 i3 18 3
Ty Dy
L1 L1
% ©: Bisrmgrmw o B lmaculimt
T LI JH'
't |
LLH SV —— TR "\_ Hu?"n_d' \L
w o
i
S .d B
io | an
At 0 L s L f L
a [ a 13 e =l il a 4 n T 1B in
By Dan
40 L1
(RN T B: Emerme

n
,an‘JU‘"’v" wht | N T

C:Bleeneyme D Inscalant

I S
| .\ﬁ ¥ J L |IL‘-.\. ﬂ
: s ) ./
:nuﬂh L -L!.-Jr. 'l.L E _ ‘J III'L

-]

] ] [ 1§ I'h 20 B4 q 4 1 ta 1€ 1
Dy Bay

< 4-2-5>



C 4-3).
(cellulcse),
(xylan), (starch), (urea) -
5,37
, 55

» 5
Mucor sp., Rhizopus sp. -

Aspergillus sp., Penicillium sp., Penicillium
duclauxii i
, Stachybotrys sp., Cladosporium sp., Helicodendron sp.
20 , 6
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Bacteria(CFU/g)

Bacteria(CFU/g)

(A)

1.0E+12
E

4

1.0E+11 !
1.DE+10i
1.0E+m;
|.DE+0€;

1.0E+07 !

TOB+08 "0 15 20 25 30 35 40

Date

(©)

1.0E+12

12

‘LOE+11!
1.0E+10;
1.0E+09;
1‘OE+OB;

1.0E+074

1.08+067 15 20 25 30 35 40

Date

5 10

¥ 4-3-1> waEEY BF2E E o

(B)

1.0E+12
1.0E+11y
1.0E+104

1.0E+00¢

1 .OE+06’

Bacteria(CFU/g)

1.0E+07¢§

1.0E+06
[+]

4

10 15 20 25 30 35 a4p
Date

(D)

1.0E+07

1.0E+064

1.0E+053

1.0E+D4!

Fungi(CFU/qg)

1.0E+03

1.0E+02
0

AEFY B (thz

A, 25 C: B, 37 C: C, 55 C: D, fungi(25T)
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Bacteria(CFU/q)

Bacteria(CFU/g)

(B)

5 10 15 20 25 30 35 40
Date

(D)

1.0E+12y 1.0E+12
1.0E+11g X 1.0E+11!
; ol ]
1.0E+10y E 1.0E+10¢
] O E
1.0E+094 “'«-" 1.0E+09
3 = :
o 0 -
1.0E+084 O 1.0E+08¢
E &'}, E
1.0E+079 1.0E+07}
3 3
.OE+08 T T v - v u - 1.0E+08
LOB+06 0 15 20 25 30 35 40 o
Date
1.0E+12 1.0E+07
1-0E+114 1.0E+063
3 _ 3
1,0E+103 2 ]
0B+ 2 E
t [ 1.0E+05§
1.0E+004 Q :
: D 1.0E404
1.0E+084 - = !
| Z s
1.0E+07¢ 1.0E+oa§
1.0E+08 v 1.0E+02
©0 5 10 15 20 25 30 35 40 0

Date

5 10 15 20 25 30 35 40
Date

2R 4-3-2> HEHEY ARLE E o|EF 83 (/7]1QAAA )
A, 25 C: B, 37 C: C, 55 C: D, fungi(25T)
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(A)

1.0E+12
1.0E+11 :
1,0E+10;
1.0E+09;

1.0E+084

1.0E+07

1.08+0087 20 25 30 35 40

Date

5 10 15

(©)

1.0E+12g
1.0E+11 !
1.0E+10;
1AOE+09;
1.0E+08;

1.0E+07}

1.0E+06 - + v -
0 5 10 15 20 25 30 35 40

Date

Bacteria(CFU/g)

Fungi(CFU/g)

(B)

1.0E+12

1.0E+11 :
1.0E+1 0:
1.0E+N;
1.05-!-08}

1.0E+07§
E

1.0E406 v + u v
0 20 25 30 385 40
Date

5 10 15

(D)

1,OE~#07=

1.0E+06

1.0E+05§

P

1.0E+0‘!

1.0E+m§

1.0E+02

20 25
Date

5 10 15 30 35 40

(2 4-3-3 wEEEILY ARLE ¥ o]dE4e) 83 (bicenzyneH 2])

A, 25 C: B, 37 C: C, 55 C: D, fungi(25%C)
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Bacteria(CFU/q)

Bacteria(CFU/g)

(A)

1_OE+13I
'|,OE+12;
1.0E+11 .
1.0E+10;
1.aE+nei
1.0E+oei

1.0E+07

1.0E+06 v v v v v v ™
0 5 10 15 20 25 30 35 40

Date

(©)

1.0E+12
1.0E+11 ¢

1.0E+103

1_OE+09|
»

1.0E+0&!

1.0E+07 4

1.0E+06 . — v v
0 5 10 15 20 25 30 35 40

Date

<2y 4-3-4 dEEEY BFLE E o
A, 25 T: B, 37 T: C, 55 T: D, fungi(25T)
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Bacteria(CFU/g)

Fungi(CFU/q)

(B)

1.0E+125
1.0E+119
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1.0E+09y

]
1.0E+Dag

E

1.oE+o?i

1.0E+06 v v v v - v
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Date

(D)

35

40
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PR RTTT IR I
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0
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Bacteria(CFU/g)

Bacteria(CFU/q)

(A) Cellulose

1.0E+10
1.0E+09y
1.°E+05!

1.0E+074

1.0E+064

1.0E + 05 +——T——T—T—————— T
B+05 & 10 15 20 25 30 35 40

Date

(C) Urea

1.0E+10

1.0E+094

1.0E+ 084
1.0E+07

1.0E+064

1.0E4054+—— v v v
¢] 5 10 15 20 25 30 35 40

Date

Bacteria(CFU/g)

Bacteria(CFU/g)

(B) Starch
1.0E+10 —
1.0E+09!
1.0E+BB!
1.0E+07
1,0E+06
1.0E+ v v - - v .
050 10 15 20 25 30 35 40
Date
(D) Xylan
1.0E+10
1.0E+09!
1.0E+08!
1.0E+07
1.0E+06;
1.0E+05 v ~
o 10 15 20 25 30 35 40
Date

(37 4-3-55 wEHE) Q2| F5E ogE4e) Wt (27

A, cellulose &3] oA &

C, urea 23] A&
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B, starch &3 o] E:

D, xylan 3} nj¥=




(A) Cellulose (B) Starch

1'°E+‘,;‘,= 1.0E+13=
6 ‘QEQ.OQ! a |,OE+09!
L E = E
2] 1 D ]
L 1.0E+083 6 1.0E+084
9/ 3 S 3
o 2 < :
T 1.0E+07 © 1.0E+07;
* = 3] E
8 ] o ]
D 1.0E+06} M 1.0E+06§
1.0E+05 ———rb——— 1.0E+05 —————
0 5 10 15 20 25 30 35 40 *SS 5 10 15 20 25 30 35 40
Date Date
(C) Urea (D) Xylan
1.0E+10 - 1.0E+10
~ 1.0E+09 o .
Q OE+ g Q 1.0E+09:
E ] =) 3
G 10E+084 g5 1.0E+083
— E Rl E
8 ] « ]
@ 1.0E+07y © 1.0E+07:
8 f g :
@ 1.0E+06; 0 1.0E+06;
1.0E4+05 . v — - — 5
6 5 10 15 20 25 30 35 40 TOB+0S 210 15 20 25 30 35 40
Date Date

<2 4-3-6) wAEE|Y Z2F 7]5d nAES B (K7]1AAAA )
A, cellulose &3] n]A&: B, starch 23| oA E:

C, urea &3] o]¥E: D, xylan £3} n[BE
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Bacteria(CFU/g)

Bacteria(CFU/g)

(A) Cellulose (B) Starch

1.0E+10 1.0E+10:

3 E __-‘-1'
1.0E+09 ~—~ 1.0E+093
3 Q E
1.0E+084 1.0E+084
3 O 3
] K] 3
1.0E+07; . © 1.0E+07;
E ° 3
3 «© 4
1.0E+063 @O 1.0E+064
1.0E+05 o p———— 1.0E+05 —td
0o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 4
Date Date
(C) Urea (D) Xylan
1.0E+10y 1.0E+10y =
1.0E+09; ~—  1.0E+093
o :
] ) ]
1.0E+083 6 1.0E+084
: ® 3
1.0E+074 © 1.0E+074
E g -
E S 3
3 «© 4
1.0E-+064 0 1.0E+084
1.0E+05 - g 1.0E+05 — -
© 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40
Date Date

<3 4-3-7> LaFuY 23 7158 o] ES 2 (bioenzymeA )
A, cellulose 23] u]AE: .B, sta-r'ch =3 n]BE:

C, urea 23] A S D, xylan &3} n]R&F
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Bacteria(CFU/g)

Bacteria(CFU/Q)

(A) Cellulose

(B) Starch

1.0E+103 1.0E+10
1.0E+093 a‘- 1.0E+094
E _— 3
] = ]
1.0E+08; ¢5  1.0E+osy
3 — E
; o ]
1.0E+074 E 1.0E+n‘?;
E [¥] g
1.0E+063 g 1.0E+06}
K 05 v v v v v T 1.0E+05 v v i v T T
TOE+0ST2""10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Date Date
(C) Urea _ (D) Xylan
1.0E+11 1.0E+10%
1.0E410 = ]
! G 1-0E+093
e 3 9
1.0E+09! p
3 b{ 1.0E+08;
1.0E+088 © 3
3 © 1.0E+074
1.0E+GQ73 5 E
5 L -
1.0E+064 1.0E+DE!
1.0E+05 b——— ey 1.0E+05 . . -
0 5 10 15 20 25 30 35 40 6 5 10 15 20 25 30 35 40
' Date Date

<a2g 4-3-8> waHuY HelF ssd RES 93 (EAAAz)

A, cellulose £3] nj4&: B, starch &3 uj A&

C, urea &3] o]y E: D, xylan £3] ¥ E
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C  4-9).

(arylase),
(cellulase), (pectinase), (xylanase),
(phosphatase), (ligninase),
(urease), (pratease), (dehydrgenase)
13
11

- 88 -
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Faene Uss
3

< 4-1>

@,
Sy
i —
h
3
N
£
W,

3 2
E 3
r—l—__. :
e
b
Fraem e

, C/N
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oH T-N T-C CN K Ca Mg Na Al
(1:5) % % Ratio %
6.49 2.5 416 164 1.29 6.10 1.02 0.4 0.34
5.73 305 3.2 10.0 1.37 3.23 1.07 0.57 Q.62
4.92 0.2 50.0 250 0.14 (0.80 0.04 0.03 (.10
7.08 1.08 254 23,5 (.15 0.15 2.18 0.06 3.31
< 4-2> ¢ zmo/kg)
Cr Mn Cu Zn Pb Fe
12.2 307 309 421.9 <10.3 2,562.3
7.97 273 76.3 76.3 <10.3 4,441.9
<2.66 137 <4.26 12.2 22.4 240.9
38.1 56 57 192.9 <10.3 3,478.2
65 70 %, 34 %,
24 % , 4-3 -
5 P-2 , 5
, 4
65.7 % .
- 1:1
< 4-3> : )
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P-1 P2 P-3 P-4 P-5
65.3 56.6 70.9 34.3 63.3
4.7 43.4 29.1 — 21.1
— — — 65.7 15.6
65 59 57.8 50 53
CAN 17.0 20.4 14.6 12.2 13.5
60 70 Y% .
) 4-4 .
4-4> ( R0
c-1 c-2 c-3 C-4 c-5
86.9 72.4 76.6 54.5 67.1
13.1 27.6 23.4 — 16.7
— — — 45.5 16.2
65 59 58 50 53
C/N 12.4 12.7 11.6 17.4 11.6
C-2
(  45).
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(Hopper, Belt)

(Rectangular

Active composting _ - 6m3
agitated bed
system)
Stabilization
< 4-5>
. P-2 5 , P-3 6
P-1 P-5 8
- C-1 & , C-2
cC5 8 60 -
€0
- 4-5 2
58 %, 65 %

- 96 -

4-8

4-7

4-5
4-9



(D, )aimesadwa)

12 14 16

10

Composting days

4-6>

70

&5

(=] [Ty} =
i ur ur

(D )eneladwa |

45

12

10
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4-7>

=]

T
[==]

0,08 Buiuene fep Bunsadwon

T
[

T
0

T
E)

=t

g2

50 62 &4 56 &8

48

(0]

4-8>

@O

[=¥]

T
=

T
o

T
uwy

-

0,09 Bujuepe fep Bugsedwog

54 58 58 80 62

52

48

(0]

4-9>
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< 4-5> 60
()
P-1 8 65
P-2 5 o 39
P-3 6 58
P-4 7 50
P-5 8 53
c-1 5 o 65
c-2 6 59
c-3 7 57
c-4 8 50
C-5 8 53
i)
pH
T-N - T-C
, CN
& ) P2
4-6 ]
2)
pH
» PH . TC
, T-N
] Y c-2
] 4-7 ]
< 4-6>
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pH(1:5) TN  T-C%) C/N 4
0] 7.85 1.9 32.3 17.0 10.35
4 8.08 2.0 32.1 16.0 10.15
P-1 8 7.73 2.0 31.3 15.6 6.32
12 7.41 2.4 31.2 13.0 6.26
16 7.63 2.3 30.9 13.4 7.31
0 8.00 2.0 40.8 20.4 11.67
4 8.06 2.4 39.9 16.6 10.66
P-2 8 7.82 2.0 39.1 19.5 10.35
12 7.22 2.3 38.3 16.6 9.25
16 7.29 2.1 36.1 17.0 7.92
0] 7.82 2.0 29.2 14.6 13.84
4 6.54 2.0 28.7 14.3 12.37
P-3 8 7.60 2.2 25.2 11.4 9.27
12 7.15 2.1 247 11.7 9.25
16 6.83 2.2 24.9 11.3 9.27
0] 7.38 2.4 29.4 12.2 11.09
4 7.02 2.1 28.7 13.6 14.36
P-4 8 6.86 2.3 28.4 12.3 14.94
12 6.99 2.4 26.5 11.0 11.29
16 6.37 2.5 26.0 10.4 10.81
0] 6.75 2.5 33.8 13.5 6.51
4 6.65 2.7 33.4 12.3 9.24
P-5 8 6.35 2.7 33.0 12.2 9.09
12 6.40 2.6 323 12.4 8.08
16 6.70 2.8 31.7 11.3 8.22
4-7>
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pH(1:5) T-N%) T-C(®W)  C/N & )
0 7.23 2.19 27.2 12.4 10.56
4 7.57 2.15 26.3 12.2 8.78
C-1 8 7.95 2.12 25.7 12.1 7.31
12 8.05 1.77 25.2 14.2 9.31
16 7.26 2.16 24.9 11.5 7.88
0 7.14 2.20 28.0 12.7 12.45
4 7.47 2.10 271.5 13.0 10.75
C-2 8 7.71 2.03 25.8 12.7 8.16
12 8.18 2.09 25.6 12.2 8.23
16 7.72 2.34 25.1 10.7 6.96
0 7.73 2.60 28.6 11.6 10.51
4 8.49 2.50 27.8 1.1 8.96
C-3 8 7.65 2.45 27.1 11.0 6.31
12 7.94 2.11 26.9 12.7 6.23
16 7.72 2.50 26.9 10.8 7.17
0 7.61 1.60 27.8 17.4 12.67
4 8.16 1.57 27.1 17.3 13.60
Cc-4 8 7.39 1.70 26.9 15.8 12.26
12 7.54 1.89 5.7 13.6 8.33
16 7.46 1.99 25.4 12.8 8.47
0 7.91 2.22 25.8 11.6 12.13
4 7.72 2.20 27.4 13.5 11.62
C-5 8 7.13 1.70 26.5 15.6 11.03
12 7.37 1.90 25.3 13.3 11.33
16 7.25 2.20 25.0 11.4 10.45
3
£y
« . ))
1g 10¢ 10¢, 10«
65 % P-1 B/F (Bacteria/Fungi)
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3700, C-1 5400 50 % P-4
B/F 25, C-4 425
( 4-10, 4-11, 4-16, 4-17).

106 cfu/g P-5
103 cfu/g C 4-14).
10t 106 cfu/g C 4-12.
4-13).
2)
60 flora
. P-1, C-1 B/F
47 610 .
70 600 B/F C 4-10, 4-11, 4-16,
4-17). pP-2, P-3, C-4, C-5 10
102 105 cfu/g
C 4-14, 4-15). 1Ce 107 cfu/g
3)
- €65 % P-1, C-1 B/F
50
C 4-10,
4-11, 4-16, 4-17). 103 CFU/g
C 4-14, 4-15). 53 50 % P-4, P-5, C-4,
C-5 B/F
C 4-10, 4-11, 4-16, 4-17). 103 cfu/g
( 4-14, 4-15). 10
C 4-12, 4-13). , 58 % P-3, C-3
, Tfungi
flora -

108 107 cfusg , fungi  10¢ 104 cfu/g
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10z -

10¢ 106 cfu/g c-1, C-2, C-5
P-3, P-4, C-3, C-4
( 4-18, 4-19).
Aerobic Bacteria-Fig(AC-P)
~— s
2 Y N
g -'__‘-_'_,_.-.'\-'—-—' = _‘-——h-q.__\z\___::;____\;’_;-—--
g G e gl g —~—
E - P-Z T
= i P-3
4 —— P-4
- —a— .5
1IIZI EI{I S;J q:;] &0
Caompasiing days
< 4-10>
erobic Bacteria-Chicken(AGC-C)
10 - f‘--"--_
_,:-.\..-"""\_'_‘—-_-__::'--. :
g P = T
3 o ——
'ﬁ_ —e— -1
§ 4 i
E —— .4
2 —%— .5
a T T T 1
o 10 20 30 a0 50
Composting days
< 4-11>
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L]

Log Me. of colonies/g
F-Y

L)

< 4-12>

Log Mo, of colonies/g

< 4-13>

- 104 -



-9
“ 70
= W= My R
g | 11t [®
G .-_
z |
= 2
N\ o
8 N
y i
m L
o & -
£ , 2
ks W
<L ¥ .ﬂ......”l.. 4 H
_.'”x._, ..q. T * T T T =
0w = ] ™ - o

fysawopoa jo oy Boq

Il a3
1 | 1
Lo
') __‘___
S ||
SRR

4-14>

Al
- -

o
ﬁ...l.u.!.

—a— -5

I~ £ ur = m (%] —
Brsaiuojoa jo op Bo

L=

40

30

20

10

4-15>

105 -



Fungi-Pig(F-F}

.....

Bsamace o oy foq

20 £ 40 a0

Composting days

0
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Fungi-Pig(F-P)

|

_:_ didaac
____"“_ +++4.+
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mwooo= | oo
Bremwatos go “apy Bo

Compasting days

4-16>
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1.
2 4 120 kg 50
kg ( 4-20). 2 (A, B),
4 (C,D,E,F) ,
- C
2 D’ E’ F
(1 ’ 3 ’ 5 ) ’
50 40
C F
COMPOSITION OF CATTLE MANURE COMPOST
1% 2% 2%
28%
B7%
OEXCREMENTS 1 120kg
B S A WDUIE TRl
BPACTERIA 16kl
OvEASTIHagl
BiacTo-Bi3 kgl
OFuUNGIDSkal
< 4-20>
60 %
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Azolm E Ao 27| 4L 60 - 62 = FA 5t FEURL
gu)s} 3 EQ 55 - 60 ¥& FAIFHEA A3 HLste] Hu|H F=A|
Hole 55 ¥ =2 nBEo] AAsIlel AT T+ dA U 55
- 60 % WSS A5t (Gray &, 1971). Ze|i &9 s 27|
25 ColAd 2 d=lo] iz 37 TE FAIBIH e APF= 50 TE ¢
ojdz Euist A }FE Fte] HEI} 2Tl HF 5 - 10 T I
A A=A (23 4-21).

~
o

Aclive composling

(o]
o
]

3]
o
I

w
o

Temperature(C)
F-N
o

N
o

_
o

0 10 20 30 40 50 60 70 80 90
Time(day)_

0 10 20 30 40 50 60 70 80 90
Time(day))

<3¥ 4-21> 29 EHu|3 AF L =9} pHe] H
O, =+ 0O, 4EF1 A, A2
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50

, 60
38 - 55
(Kuter , 1985). 38 - 55
15
- 15
45 - 50 -
- F 40 17
Pseudcallescheria bcydii, Rhodotorula rubrum
fungi 50
- 30
- 55
(Burge , 1978).
(Bach , 19849),
pH pH 8.4 C
Lactobacillus plantarum Bacillus subtilis, Paenibacillus
marcerans pH 7.5 2 8.1
C 4-21). pH 1-5 pH
, 5-15 pH 9.0
, 16 - 20 pH 9.0
pH
pH , 2
pH 5
pH -
pH
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- 110 -

(Mckinly , 1985., Koster, 1986). pH
(Falcon , 1987) pH
pH
pH -
C 4-22).
C/N ratio
(Terman , 1973).
C/N ratio 28.4
C 323, F 345
C/N ratic 25 - 35 (Gray , 1971)
/ C/N ratic 0.8 (Morel,
1989), 26 0.8 ,
0.8 -
Finstein (1985) (nitrification)
(Wong, 1985).
(Bauman
1987).
F
60 - 65 % C 55% -
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1.6 | A,
= -— e b
& r“e‘w”/
Bl
i
0.5 |
EEHL
0
4] 20 0 4] B0
Time(day)
a5
EEba
40 |
# kﬁr‘
o "
gas b w @ — .
il
30 F
25
qa 20 40 [ 4] B0
Tirna(day)
10
Bt Rl =
E -
#
T
1
g 4
b
2 -
o]
] 20 A &0 D
Time{day}
4-22-1>
2 ; O ’ 1; 2
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00
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a e 1] 40 ] a 0 ] a & an
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2y i JYEETPTE
HE/EAFEEE _ o =
0o+ £
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Ha6 o 'gi 8
03 | = by
3 I 'I_g:,
a L -0
a = & & B0 1T & no=Z ¥ &
Tirmelday) Tiredday)
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< 4-22-2>
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, o, 1;
potential)
(Fonnamperuma
50
26
C/N ratio
(Hoitink , 1986).
10
2 .
. 50
4-24).
10, %
10.0
B
3 85 Bn
g "l \":1_\{’-‘-
g B.5 oS f"\-. - -
& -, H 2
E B “‘;h‘“ =
3 7.5 - 5
|rr__ L 1 1 1 1
o 1D 20 an 40
Time{day)
< 4-23>

- 113 -

, 1981).

(
-')Ir-
s
5
1
s0 80 T0

(redox

4-23).



O ’
108
10.0 .
g fra
2 9.8 !
= o _Jf."
E W,
i BE [
= s !
! g.0 o %
E i
L 5
7.0 1
< 4-24>
o

Bacillus spp.-

1975).
109 cfu/g

107 - 108 cfu/g
- 106 cfu/g
, 1987., Andrews
F

108 cfu/g

108 - 1010 cfu/g

, 1994).
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thermophilic bacteria

(Finstein,
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xylanase, phosphatase, urease§ ZA}S}FT} (13 4-25).

ol¥ 4RI T VL HMY AFFL ZARIOTHN myE
2 22 AW /IIE HE HIHE nYBo) 3 BHoe Uy +
UTh (Gil-Sotres &, 1992). ¢4 Eu3}t HAHo] &= wWzle} giol
BHEE TLBY FHS AP MYXES 30 T 50 T2 Lro] =2a}
8t amylase, cellulase, xylanase, phosphatasei 50 TolA A
S Y of gA AL o)7L EATY HIES oL 5]
)2t HY Zet 434} (Chino 5, 1983). Urease?] Zo= Lxoj

Enzyme unit

0 10 20 30 40 50 60 70 80 90
Time(day)

Enzyme unit

0 10 20 30 40 50 60 70 80 90
Time(day)

O# 4-25-1> 2 AHF BLY4 W3}

A, amylase: B, cellulase: C, xylanase: D, phosphatase: E, urease:

O, Uz @, A¥I1: v, Ag72

- 115 ~



<

°, e, 1, 2
(Continued)
&
C
3 |
E
2 |
4= A
E b g
2 : e 22 ) ﬁ‘e"h-'-v,_-;_n
| ”zl “n
o i . 1 1 1 L
3¢ 40 S0 &8F VO EBD 2D

Time{day)

100
i
=
H
H.
a
0O 10 20 30 40 50 &3 TO BD 90
Thmadays
(Continwed )
5
E
_q_u-
=
E
5
4
=

4-25-2>

A, amylase; B, cellulase; C, xylanase;

- 116 -

D, phosphatase; E, urease;



o, .9, 1; > 2
- Phosphatase buffer
solution pH 6.0 9.0
pH 9.0
phosphatase (Garcia , 1993).
amylase, cellulase, xylanase
amylase
. amylase
. amylase
cellulese  hemicellulose
cellulase 4-25
cellulose -
cellulose
- cellulase activity
cellulose
(Chino , 1983) - C F
F
Xylanase amylase
- F

Lactabacillus
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Phosphatase

(Hattori, 1988).

(Kuprevich , 1972).

phosphatase
(Chino , 1983),

urease

(Chruba , 1992).

- amylase  xylanase

urease

urease

cellulase

phosphatase

(carpost)
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(Vckinly , 1985). , .

( 4-8).
pH
pH -
aryalse ,
- amyalse
activity - Cellulase
pH, amyalse
. xylanase
phosphatase
(Nannipieri ,
1980). phosphatase  urease  pH
(Chruva , 1992)
- Urease ,
urease arylase, cellulase , phosphatase

Nannipieri (1980)

’ cellulase activity

cellulase activity
cellualse activity
(Chino , 1983).
C/N ratia
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Temp pH T-N T-C C/N oM NH4-N NOz=N T-S R-S R/O E-A E-C
1. Temp
2. pH 0.553
3. T-N -0534  -0583
4. T-C 0.497 0.514 - 0.954%++
5. CIN 0.457 0.611 -0.982%+  0.961%*
6. OM 0.045 0.067 -0.785%  0.842%+  0.795*

7. NH4-N 0447 0.687* -0.952x*  (0.888**  0.979** 0.692*

8. NO=-N -0.501 - 0.759% 0.850%* -0.881*** -0.918** -0.583 - (0.919**

9. T-S 0.861=+  0.626 -0.639 0.704* 0.5%4 0.277 0522 -0.664
10. R-S 0.853**  0.815** -0.473 0.356 0414 -0.160 0481 -0.512 0.743*
11. R/O -0.177 0.476 0.879%* - 0.873%* -0.942* -(0.838* -0.935* 0.864** -0.325 -0.149
12. E-A 0.168 0.152 -0.722* 0.835** 0.735*  0.881** 0.603 -0.615 0.492 0.030 -0.710*
13. E-C 0.510 0.736* -0.787*  0.846** 0811+ 0.567 -0.787* -0.856** 0.779* 0509 -0691* 0.749*
14. E-X 0.291 0.408 -0.148 0.292 0.132 0.017 0.037 -0.267 0.672* 0.368 0.063 0.333 0.54
15. E-P -0.583 -0.377 0.820%* -0.672* -0.705¢~ -0566 -0.688* 0441 -0500 -0.502 0535 -0437 -047
16. E-U - 0.470 -0371 0.900%* -0.863*** -0.846* -0.813** -0.778* 0.631 -0549 -0.302 0.749* -0.763* -0.71
17. TMP 0.621 0.931%*+ -0.578 0.587 0.598 0.125 0.613 -0.767* 0.801** 0.853* -0.419 0.350 0.86

18. MSP -0.317 - 0.698* 0.179 0.180 0.304 0201 -0.416 0612 -0.284 -0514 0.313 0055 -041

Temp, temperature; T-N, total nitrogen; T-C, total carbon; C/N, carbon/nitrogen ratio;
OM, organic matter; T-S, total sugar; R-S, reducing sugar; R/O, redox potential;
E-A, amylase; E-C, cellulase; E- X, xylanase; E-P, phosphatase; E-U, urease; TMP,
thermophiles; MSP, mesophile  *, P 0.05; *, P 0.02; = P 0.01
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cellulase activity

C/N ratio,

C/N ratio
cellulase
activity
2.
. 4-9
31 34 5 60
3
. pH
29 30
< 4-9> 5
L pH 1
3 7.76 7.77 7.85 7.88
7 7.94 7.66 8.34 8.07
11 8.37 8.45 8.89 8.67
15 8.94 8.80 8.87 8.96
18 8.95 9.05 9.12 g.15
21 9.34 9.33 9.32 g.32
25 9.37 9.26 9.35 9.31
29 9.31 9.20 9.22 9.30
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1 ()
3 33 34 31 3
5 64 66 58 61
7 64.5 68 56 57
8 64.5 67 56 57
9 64.5 67 52.5 53.5
10 63 65 60 56
12 58.8 62.5 51 52
13 58 59 49 50
15 58 60 49 50
16 60 60.5 54 53
20 58 59 48 49
24 53 53 40 40.5
25 45 46 40 48
29 43 44 39 40
-0 1 O
3 33.09 21.55 15.42 27.72
7 33.76 34.62 26.97 18.97
11 36.80 34.05 18.71 20.15
15 25.45 36.59 18.04 19.02
18 26.88 32.53 26.74 24.27
21 25.60 27.41 23.49 22.55
25 24.74 25.67 20.43 21.74
29 21.88 25.01 19.60 19.87
-\ 1 ¢0)
3 1.55 1.60 0.88 0.88
7 1.49 2.00 1.14 1.16
11 1.35 1.33 0.98 1.14
15 1.34 1.32 0.88 1.31
18 1.22 1.22 .81 1.32
21 1.07 1.11 0.83 1.03
25 1.11 0.86 c.84 0.75
29 0.77 0.83 C.70 0.67
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am» 1 ®
3 2.10 2.40 1.75 1.20
7 2.30 2.65 1.55 1.45
11 1.70 1.40 1.20 1.30
15 1.70 1.85 1.20 1.25
18 1.90 1.55 0.95 1.CO
21 1.95 1.25 0.90 0.80
25 1.20 1.45 0.90 0.65
29 0.65 0.95 0.70 0.65

a0 1 ®

3 0.05 0.05 0.04 0.4
7 0.05 C.06 0.05 0.05
11 0.05 0.05 0.05 0.06
15 0.06 C.06 0.05 0.05
18 0.06 C.06 0.05 0.05
21 0.05 C.06 0.05 0.05
25 0.05 0.05 0.04 0.4
29 0.06 0.05 0.05 0.05

(CCZDNE W CED
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3 1587 881 813 770
7 1347 1002 759 884
11 1188 933 704 791
15 1263 1082 700 725
18 1126 993 858 926
21 1061 806 875 1047
25 646 586 1226 1128
29 778 522 1103 1101
(NC:-N) 1 (ppm
3 1534 1357 1287 1301
7 1301 1283 1148 1282
11 1282 1225 1065 1042
15 1208 1150 824 801
18 Q01 869 592 528
21 829 834 573 598
25 633 822 517 545
29 600 694 508 496
(SCv) 1 O
3 57.07 37.15 26.58 47.79
7 61.25 59.68 46.50 32.70
11 63.44 58.70 33.98 34.74
15 43.88 63.08 31.10 32.80
18 46.34 56.08 46.10 41.84
21 44.13 47.25 40.50 37.82
25 42.68 44.25 35.22 38.88
29 37.72 43.12 33.79 34.26
(T-SUGAR) 1 (pm)
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3 6048 7050 2880 4530
7 5880 7180 3290 3635
11 7195 5990 2250 3990
15 4140 7195 3920 3050
18 2843 6343 3270 3210
21 6400 5660 2970 2320
25 6200 5990 1084 2250
29 6620 6920 2310 2880
(Reducing-Sugar) 1 (ppm)
3 1380 10710 3840 3780
7 4380 7310 2580 2870
11 5580 4240 1380 1980
15 3310 1380 3240 1040
18 2110 1380 980 1380
21 2440 2980 1380 580
25 2780 2510 2710 980
29 1380 1380 1580 1640
(C/N Ratio) 1
3 21.3 13.5 17.5 31.5
7 24.0 17.3 23.6 16.4
11 24.7 25.6 20.1 17.7
15 19.0 27.7 20.5 14.5
18 22.0 26.7 33.0 18.4
21 23.9 24.7 28.3 21.9
25 22.3 29.8 2.7 29.0
29 28.4 30.1 29.2 29.7
Q) ®
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Bacillus
Bacillus B. subtilis FDA
Bacillus Lactabacillus
, Bacillus
64 , 90 120
( 4-10).
< 4-10>
(x 10¢/9)
64 [0 120
B. subtilis 12.2 14.8 15.2
L. acidophilus 12.8 10.5 10.0
B. subtilis 2.0 2.2 2.3
L. acidophilus 2.2 1.7 1.4
10 ’
B. subtilis
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, B. subtilis

pH

1pH
C/N ratio

- 131 -



55 65%
(Wilson, 1978),
Jeris  (1973) pH 7.5 8.5
, Inbar  (1993) pH 5.5 8.0 - pH
pH pH
- C/N 25 35
C/N
(Mathews , 1990). 50
Eh
Qimenez  , 1991). ethylene oxide(Wong, 1983)

(aetic, propionic, n-butyric acids)
(Harada , 1980).
C/N

1979  Sugahara
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Y 11 13
. Foincelot (1974) C/N 20 ,
Chanyasak  (1981) C/N 5 6
. Harada  (1981) (CEC)
, 60
cmalzkg -

Zucconi  (1981)

(Cermination index; G.1.) 50
80 - Incke
(1979)
pH ,
C/N ratio
2 (
2 2 2 2 2 ’ 2 )
(dehydrogenase), (phosphatase),
(urease) (cellulase),
(xylanase), (arylase), (pectinase),
(pratease), (ligninase) 9

(abiantic soil enzymes)
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’ pH1

pH, C/N Ratiao, ,
. ® CN
®

8:2(Flesh weight )] -
, 4-10 -

< 4-10>

- 134 -



135 -

H T-C T-N C C/N /
P 1) 1) )  Ratio CN o )
0 8.10 48.6 1.83 26.6 21.3
3 7.84  48.6  1.87 25.9 20.9
9 7.74 48.4 1.88 25.8 20.2
A 18 810 483 1.90 13.2 254 0.7 20.0
28 7.94 465  1.92 24.2 19.8
42  7.08 44.4  1.93 22.9 19.1
49  7.48 422 2.07 20.3 18.9
0 5.71 44.2 1.74 25.4 25.6
3 7.66  43.0 1.85 23.2 23.6
9 7.7 427 1.92 2.2 23.2
B 18 8.08 42.0 2.02 14.7 20.8  0.72 20.5
28 8.06 42.5 2.04 20.4 20.4
42  7.29 384 205 18.8 19.8
49  7.81  37.7  2.06 18.3 19.0
0 7.0 47.8 1.86 25.5 24.5
3 7.47 469  1.89 24.8 22.8
9 7.83 456 1.94 23.5 21.6
c 18 7.8 45.1 1.95 17.4  23.1  0.70 20.4
28  7.95 43.9 1.95 2.5 19.7
42 7.1 40.3 2.01 20.0 18.6
49  7.71 395 2.20 18.0 18.2
0 7.99 476 1.71 27.8 25.6
3 7.33  46.7 1.86 25.1 24.4
9 7.78 449  2.10 21.4 23.3
D 18 7.8 44.9 2.07 19.6 21.6  0.59 21.2
28 8.02 43.7 2.08 21.0 20.5
42 7.25 40.1 2.14 18.7 19.6
49 7.83 383 2.3 16.4 17.6
C/N 25.4-27.8 ,
9
25 14 55-60
) 8-10
, 45-52 )
35 )
1 /3
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o} ONSE 20-160F D)C=B=A £o2 Zasigrh MEE 19-184F2
2 Sugahara o] FA|Zt 10-13 Helole mlAz| Rdle FALch B
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cElm, Y8eiz] ATotEINY AEAAR a3 59 LAE o
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D

, CEC

10 60

Sodium hexaretaphosphate

Armmonium acetate

)
1 3
- (Bulk density)
2
(1988)
- (Soil texture)
Hydraoreter
(EO) pH 1:5
@) Wakley black

IN Armconium acetate
Spectraphotameter

20000) . IC
@ {@2- P
B
Incubation Test

B 0, 2, 4,
- C ) 500 g

7 11

1
NQOZ-—N , C/N
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Atamic Absarption

lon Chraoratography (Dionex
AS4A -
p bx 100} -
6 % (wt/wt) ,
1¢

20, 30, 40, 50 %

0.25



Callumn

@ (Saturated Hydraulic Conductivity)
)
o Ap) t2
B G, 2, 4, 6 % (wt/wt)
(Bulk density) 1.3 g/ 15 Acryl Calurn (& ID x
25 D) , -
o ®) : ® 2
15, 30, 45 15, 30, 45 column
, 1.3 o/ -
o (Vvulti-layered soil column): 4-27
C ) column ( ) 15, 30, 45
column 30, 45, 60
)
calurn 48

, Darcy"s law

- (Constant head method)

, 10 )
W ater
A 15 A |15 A |15 A |15
B |15
B |30 B
45

< 4-27>
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(&)
C (CI-, NC:-, PQs-)
calumn
T-N
, 54 ,8 , 101 20 cm
a-N)
(NCz-N) - Kjeldahl
lon Chromatography -
)
@D
)
4-11
< 4-11>
] Depth Particle Distribution (%) Texture BD*  Porosity
Profile — - _ o ) )
( ) Clay SsSilt Sand
Surface 0 10 19.4 58.2 22.4 SiL 1.22 53.2
Horizon 11 20 17.5 58.5 24.0 ' 1.49 427
21 30 17.3 60.8 21.9 ' 1.52 41.5
Subsurface 31 40 17.4 56.4 26.3 " 1.49 42.8
Horizon 41 50 17.2 55.1 27.7 ' 1.44 445
51 60 17.5 52.3 29.9 " 1.42 46.4

*BD : Bulk density

15

- 138 -



UspA )

(Silt Loam) - 10
2% -
10 1.1-1.22 o/
. 15
, 11 20 149 g , 22
30 1.52 o/ - 30
50 60 1.42 o/

(Voorhees , 1985; Kayambo , 1986; Danfors, 1994;
Taylor and Brar, 1991; Unger, 1996),

- Jensen (199%6)

ccz2
(Bakken , 1987; Torbert and Wood, 1992).
4-12
B 3
< 4-12> 4
A B C D
T-N%) 1.74 1.95 1.83 1.91
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)

4-13 . pH 10
pH 6.7 , 11 20
pH 6, pH 4.5
<  4-13>

CEC
pH EC(1:5) OM ESP* Ex. Cations (cmolc/ )

(cmol/
() (@5 Ws/my @ ) (3] K Na Ca Mg

0 10 6.9 508 53 13.3 6.4 1.07 0.95 7.70 5.43
11 20 6.2 3.23 4.4 12.2 5.2 0.46 0.63 6.70 4.2
21 30 4.8 1.63 4.3 13.9 2.7 0.17 0.37 4.71 3.48
31 40 4.7 0.79 4.1  13.0 2.8 0.17 0.37 4.61 3.19
4 50 4.6 0.68 3.5 12.4 3.0 0.16 0.37 4.39 3.21
51 60 4.6 0.63 3.4 10.8 3.0 0.15 0.32 4.41 3.10

* ESP : Exchangeable Sodium Percentage

EC 10 5.08 dS/m
EC 30 an
1 - 10 cm
Saline sail ,
. EC

(Nat, Kdi, Caz, Ngzi)
10 2
, (Compacted layer) 20
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(2) Incubation Test

NH44-N NC:--N )
NHS NZC
. CN -, > pH,
(Bartholorew, 1965; Launa, 1977; Nayer , 1969).
NH4-N , NG&--N -
NCz--N NG&--N (Bremner,
1965). NH4-N
, NHS NCz--N
B
4-28 4-29 -
Blank OM 2% oM 4% oM 6%
0.3 s ik
; -l B eoa, | TRmToee
ot 2 e e RIS
ﬁu'n. R Tee "'::Li: Tt | et
oogL—1 - L N I — 11 |
03 & 942450 3 B 912150 3 8 B 12150 3 & 0 42145
Incubation Time (Wiesks)
< 4-28> incubation
20 % 2,4, 6%
29 %, 17 %,
11 %, 8 %
- 30 % 38 %,
2,4,6% 34 %, 28%, 28 %
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Blank oM 2% OM 4%, O 8%
100 &— M 205%
£ 80| »— MO 3%
B i WS A0
E 80 — WA S0
E 40 | ":‘ 11.* .‘."::I.
E '_:::I: t'i*.l :Il i II:“ -
5 zu.::::.-..l ‘,:;...|l" III._.-I 4 -
u-‘l::" + ' e -‘:"* - _“_ ] .'.-'“l"-i L ) -.1",'.“.‘ " ..‘ ‘
003 6 912150 3 6 9 12150 3 6 9 12150 3 6 9 12 15
Waaks
< 4-29> incubation
. 20 % 2 3
. 40 %
, 40 % 50 % 6 %
45 % 54 % .
4-30 4-31 . , 28
, Nitrate 20 %
0.80 cmol/ 1 0.60 cmol/ , 3
15 0.54 cmol/
. B 2 %
Incubation NCz--N 0.81 cmol/ 3 1.02 cmrold/
26 % , 15 1.15 crol/
42 % . B 4% 6% 2%
, 15 70 %, 98 %
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<

o

— — X%
fos - 0%
i A%
E = | — S0%
%
E
B
. 1!“
£ skl = = & =
8 |[\wa it
L wrrr- o F oTow T
0o 3 6 % 1215
4-30>
2 Blank
0 + MG 20%
T 250 &— MC 30%
2 oo A— MG £0%)|
5 »— MG 5%
T 190
5 1008
=]
] ’!,;:II - ah
] 50 ay Lo = B
s I o ]
O wRFT R OFT O®ROF ¥
0 3 & B 1215

30%

42 %

Blank

1.09 cmal/

60%

40%

15

50 %

23 %, 30 %, 33 %, 34 %

2%

4% %
P——
B | r'l' L]
“"t»-'*:: "“.:Il‘"‘ __:::-.l-n.l--.
L LT - . ‘:..._. -
In L H i
'ﬁl"'q-a-a By ot ':l.‘_._‘
TEEF F W P W W Lo R R ] L
0 3 6 51215 0 3 6 8 1215 g 3 & 0 42 15
Timee (weeks)
incubation
OM 2% OM 42 oM &%
4 ..4!'
I e I ;
e .,.--.-'_..i:".._,.-
Y !_!!ll. =
A, i
iy 1._._“.""._;;;;'!";‘_‘_“
irrly—ayply gy —rrrriririry —pvriririre
0 35 & 542480 3 6 9 12130 3 6 9 1215
Weeks
incubation

NO:--N

- 2%

8%

15

2
15 0.33 cmol/
4%

15 0.88
31%

1.35 cnol/

. 6%

- 2% 4% 6%
0.18, 0.24, 0.28, 0.29 cmol«/
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<

40%

(Diffusiaon)
, C/N
4-32 4-33
. Blank oM 2%
5 a— MC20%
—_ - WML 20%
# 4 MG A0%
§ 3| —= MCson ..“'-I'"T'l
R EEEEE] 2
'|.
0

ﬂi.ilé5.11.21-553591215&369121533591215

4-32>
Blank
100 .
25 *— MC20%
£ M e MC30%
] M &0
2 | - Moy
o ¥— MO S0%
&0
g W i
o [ B o
= zu-ﬂﬂ::il!
BRIy
D3 6 91216
4-33>

oM 4%

Wil
incubation
oM 2% oM 4% O!.IE".-%
*
-y s -.,-"-."" _".‘
awn [ oaenlll P
:;:1‘1‘ # 71':_" ' =1--r'|r'|r
B 912150 3 6 912150 3 & 9 1215
Weehks
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incubation

50 %



20 % 2.3 %

15 1.6 %
31 % - 30% 15
0, 2,4,6% 23, 17,
20, 21 % 20 % .40 % 50 %
0 % 19% 10% ,
2% 4% 6% 9-15%
C/N 4-34
. 20 % C/N
. 40 % C/N
C/N
oM 2% oM 4% OM B%

40 ;
30 - il |
- <4 I 0008
g 20 S -
CRT e o ol " |
Q I R T e
63 8 612150 3 & 8 12150 3 & 942950 3 6 O 1215

Inoubation Time (Waeaks)
< 4-34> incubation

C/N

40 %
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©)

Cl-,

NCZ-, SCé-

(Non specific reaction)

al., 1979).

Christiansen, 1944),

(Baohn et

(Air pocket) (Bouwer, 1961;

(Allison, 1947),

(McNeal and Cokman, 1966; Pupisky and Shainberg,
1979), (Lagerwerff , 1969) ,
(¢ , 1981), , (¢ , 1997b)

4-35
2 Pare volume

Pore volume

1.6x 10-3 /sec

6.8x 10-4 /sec
3x 10-4 /sec

2.9x 10-3 /sec 1.7

Heat(xt l.'l'drTh-Pr]

Subsurface
Surface

'."-"“-Ill' LIT R T

< 4-35>

A

2 3 B

Pare Wiolime
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N

(Water Holding Capacity)

(Chang . 1987; Ccal , 1984;
Frenkel , 1978; McNeal, 1968; Quirk and Schofield, 1955).
B 0, 2, 4, 6 % (wt/wt)
(Ksat) 4-36 -
10
T B *— 0%
E & ‘e : E%
v . v .
% 4 "..
E , R LT T S
. Mw B ek i
] 1 z 3 4 5
Pore Volume
4-36>
B 2% (Ksat) 2.7x 10-4 /sec
, 1.7 Pare valume 0.8x 10-4 /sec
. 172 »
(Cupta , 1977).
4% 6% 1 Pore volume ,
5x 10-5 /sec 4x 105 /sec - 4-37
, 2%
-0,2,4,6%
15 15 ,30 ,45
30 ,4 ,60
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4-38 4-39 -

il
T 20w
% 15 |
D
2 w0
| .
3 . §
o .
0
a 2 4
OB, %, withad)
4-37>
I0cm 436m G0cm
10 P . 1 ¥
a ",I — 1%

Ksal [J-c1!]'d|:n1.l‘-.nee~:::|
¥ 5 =1
¥
F]
L [= - RN
¥ E&8
L
.
L]
L ]
4
L)
[ ]
[ ]

rrrr
o 1 1 1 1
0 1 2 3 40 1 2
Pore Vol
4-38> 30, 45, 60cm
30 em
= 45 om
% 50 om
E
.u.
"
=
i ———
-
2
ot | I
a 2 4 8
O.M. % {wihwt)
4-39>
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4-39
30, 45, 60 4.6, 4.2, 3.4x 10-4 /sec
, 2%
2.3, 1.9, 1.5x 10-4 /sec -
4 % 1.8, 1.4, 1.2x 10-4 /sec, 6 %
1.5, 1.2, 0.98x 10-4 /sec

C)
NH4, Cad, Nad, K+
Cl-, NC:-, SO4-, PO4- .
Cl-, NCi-, SO«-

, (Multi-layered soil)

NaCl

Cl- .
Cl- 0.25 0.078 cmol/ . 4-40

Cl-
, ClI- 90 % 0.2 Pare volume .
Cl- Cl- 87 121 %
, CI- 100 % . Cl-
NO:- Urea Ammonium
(Nitrification)
, 30 40
( , 58 ).
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Al - 0% RO87
= o 2% F175
g = a— 4% 197
E v 5% F190]
E 4 Ev——v i
- 3 1 LT e I g
£
g 2
= . PR
8 1§

D 1

1 1 2 2
Pore Volumsa
< 4-40> (15cm)
(30, 45, 60cm) Cl- “:
, Rt )]
NC:--N (.18 cmold/ 2,4, 6%
NOZ--N 1.15, 1.51, 1.83 mM .
, 90 % NC:--N 0.2 Pore volume
, 100 % . NC:--N
( 4-141).
18cm 20cm 45 cm B0 cm
5 ; . T
T — %, R1.97 = = — (1%, R054
o = R Ram il -— I% R128
£ o 4%, F101 o 4%, 111 %, 11 Ty L
g 1| - BB, R 104 — EwR@ (| — B%, R106 orrrmtrhi
E Py e e
57 ey oy ERITEIOT ERRTEREES
g2 e e t L | |
O e H e et o (N "SR
o § L TR .? : : : : J i i
0 1 7 3.0 1 2 i 1 2 3 0 1 2 3
Pare Wl
< 4-41> (15cm)
(30, 45, 60cm) NQZ- “:

PO4-
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Protein

PC4-

. PCs-

2.69 me/100g

- FOZ2-
PQ-
(Higston, 1967, 1968).
CI- NG , PO«L-
6%
(©)) T-N
» 54 ,8 , 101
20 cm
a-nN) (NC:-N) - 4-42
0.40 —
- A
m B
i A C * . *
¥ D ¥
= 030 +  Control
-k L J
E 0z
b= . 3 :
020 m i o5
: R "
015 ! _ ) _ ]
0 20 40 G0 B0 100
Cultnated penod (day)
< 4-42>
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4-43

N ”
%’j} P _—"_:::'_'_.:—'-;
< onnmd_ff,::;ﬁ,f—f
- o
5] e,
= ~
.'m T — et
o) = : N

Cultivated period (day)

< 4-43>
A D 1.5
2.0 % P
A
D
B D
, D B 6 cmol/
D
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@

C/N

@

©)

@

Volume

®

6 %

30 %

C/N
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96
s 3
5 10 . A, B,
C, D Cantral 5 3
, 3 m” 100 t/ha
. 1 t/ha, 10 kg/ha
) N-P-K (30-10-10) 200 kgs/ha 5
) pH, EC
6.4, 0.15 dS/m . 2 17
2 14 ( ) 49 ,5 7 ,5 22 4
4 14 ,5 9 .
1.74 1.95 % , 43 %
(  4-14). K 1.24 1.94 %
, Ca - EC 30 35 dS/m
< 4-14>
T-N T-C EC Ca NVg K Na
% (dS/m) %
A 1.74 44.2 35.2 0.24 0.99 1.24 0.45
B 1.95 43.9 30.4 0.28 1.07 1.66 0.36
C 1.83 42.9 36.9 0.31 1.01 1.71 0.30
D 1.01 42.1 32.8 0.32 1.19 1.94 0.35
A : Control ( + )]
B : Control + + (Bacteria ) 12kg
C : Control + + (Bacteria + Lactobacillus ) 16kg
D:C+ Fungi
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4-15

5 0.20, 3.5 5.3 %

, EC

5.95 8.10 dS/m

EC pH
0.1

pH 6.94 7.35

. EC 6.0 6.5 5 dS/m

SAR (Sodium Adsarption Ratio) 1.97 2.34

Saline - EC

- pH
< 4-15> , , EC  pH

T-N T-C EC pH
% (ds/m) (1:5)
A 0.17 3.6 6.0 7.2
D-0 B 0.20 5.3 6.3 6.9
C Q.15 3.5 8.1 7.2
( ) D 0.16 3.8 6.1 7.5
Control* Q.16 3.6 6.5 7.4
A Q.17 3.9 3.9 7.5
B 0.21 4.8 5.9 7.1
C-54 C 0.18 4.2 7.5 7.2
D 0.22 4.6 7.8 7.1
Cantral 0.34 6.9 5.4 7.4
A 0.21 6.7 5.8 7.2
B 0.19 7.3 7.5 6.9
C-86 C 0.23 7.8 5.4 7.2
D 0.28 7.8 8.5 6.9
Cantral 0.33 5.2 6.0 7.3
A 0.24 5.2 9.2 6.9
B 0.23 5.3 5.9 6.9
D-101 C g.24 5.3 6.1 7.0
D 0.32 6.5 9.6 6.6
Cantral 0.34 4.1 3.6 7.2
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D pH 7.5 6.6
) pH 5.8 7.2
pH -
(Bulk Density, B.D.)
1.19 1.24 g/cni 100
t/ha B.D. 1.09 1.14
g/cné - Ca, Mg, K
< 4-16> B.D. CEC
Ca Mg K Na B.D CEC
% g/cn3  cmolkg
A 2.11 0.49 0.85 0.15 1.22 13.8
B 2.19 0.51 0.83 0.14 1.23 14.5
©-0) C 2.66 064 0.77 0.20 1.19 12.9
2.63 0.61 0.81 0.17 1.22 12.1
Control 2.08 040 1.05 0.20 1.24 13.8
A 2.39 058 1.01 0.26 1.12 18.6
B 2.54 0.64 1.02 0.26 1.14 19.1
(C0-101) 2.84 087 0.93 0.22 1.09 17.5
3.55 1.08 1.14 0.23 1.11 20.7
Control 2.32 (0.67 0.98 0.20 1.13 17.3
CEC 10 cmolukg
CEC 12.1 14.5 cmolukg , CEC
17.3 20.7 cmolukg -
Ca, K, Mg, Na Ca

2.11 2.66 %
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Ca, Na, K, Mg

Ca

9.1 10.2 crolukg , Na 3.1 4.0 cmalkg -
Na 40 50 %
- Mg Na
Na 2.0 3.6 cmolukg
- Ca, Na, K,
Vg , Ca , Ca
< 4-17>
~Ca Ng K Na Ca Mg K Na
A 9.1 22 25 31 1.6 06 1.2 1.6
D-0 B 10,1 24 2.8 34 1.9 08 1.3 1.9
C 10.2 3.6 2.7 4.0 25 10 12 2.1
( ) p 100 1.7 2.8 36 2.0 06 13 1.8
Control 9.2 2.12 3.0 3.9 1.9 0.7 15 2.0
A 12.1 3.0 2.8 2.2 0.8 04 1.0 14
B 10,1 2.8 3.4 2.7 1.5 08 16 1.8
D-54 C 13.3 4.2 4.4 3.6 1.8 12 2.2 2.5
D 145 6.7 5.6 4.3 23 12 29 26
Control 11.9 2.5 3.0 2.8 1.3 06 13 1.8
A 90 2.8 34 3.0 1.3 0.8 15 19
B 129 6.4 5.1 4.8 1.8 1.2 2.1 24
D-86 C 1009 54 4.1 3.2 0.9 08 19 20
D 1002 56 55 43 1.7 15 29 2.9
Contral 9.3 2.6 3.0 3.0 1.6 0.8 1.3 2.1
A 10.3 4.4 45 5.1 25 14 24 2.7
B 80 35 3.7 4.0 1.2 08 16 2.1
D-101 C 86 3.6 3.7 4.2 1.3 08 18 2.1
D 88 54 53 5.2 16 1.7 3.1 3.0
Control 75 10 25 3.5 0.6 03 09 14
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C = cmol/Zkg)

Ca
Na, K ’
1 Na, K
- Mg
K -
Na 1.6 2.1 cmolZkg , Mg 0.6 1.0 crol/kg
Cl- 19.7 34.7 cralukg
PO-< -
PCz-
B, C -
< 4-18> . C = cmol/Zkg)
Cl- NCi- PO2-3 SCz-2
A 19.7 14.8 1.5 18.3
B 24.8 13.5 1.2 19.2
o c 34.7 26.4 0.6 18.0
( ) D 21.5 18.5 1.0 12.2
Control 26.0 21.1 1.1 12.9
A 33.1 30.5 6.6 20.0
0-101 B 22.5 4.3 14.8 14.6
21.3 9.5 9.0 13.9
( ) D 28.9 33.0 20.8 15.1
Control 11.9 3.4 2.1 7.3
95 %
2.4 %
51 %
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4 5 . Na
Mg - Ca
Contral
<  4-19>
T-N T-C Total-cations (%)
% Ca Mg K Na
A 247 515 0.55 0.32 4.29  0.49
B 233 506 0.45 0.25 5.28 0.76
C 232 511 041 035 450 0.55
€C9) ) 2.44  50.6 051 0.26 4.64  0.59
Control 2.41  50.8 0.3 0.29 4.33 0.58
A 244 518 0.39 027 4.42 0.52
B 238 51.1 0.30 0.34 4.83 0.59
2.33 51.2 0.39 037 5.50 0.80
€8 254 508 0.28 038 5.79 0.83
Control 2.65 51.5 0.40 028 4.45  0.48
. 100 t/ha
1 g/cmi , 4 5 cmolukg
’ ’ 4 D
cmol/kg -
° pH , C
pH66 7.4 )
PO .
B. D )
° K
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1
1.
- 8 4
) 1.5 kg 3.8 kg »
g -
< B-1>
(k)
K
1 64 160 e/
102 153 254 0.95
128 207 351 1.39
5-1 64 50%
62% , 160
174%, 149%
( 5-2). 7
45 a0 .
Lactabacillus
’ pH
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Lactcbacillus SL
a0 -3
7 1 Lactobacillus
1 x 10W/ml 10.5 x 1Qv/ml
< 52
a10u/mh)
7 45 90
42.6 38.2 28.1
7.0 7.5
45 ,
( 5-3). propionic
acid 2%, butyric acid  14%, valeric acid 1.6%
, butyric acid 5.9%
< 5-3>

Propionic acid
Butyric acid
vValeric acid

0.0296 ni/ml
0.6521 ni/ml
0.0005 ni/ml

0.0000 pi/ml
0.2109 ni/ml
0.0000 pi/ml
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0.5

iy
. 54 .
90 % 60 %
20 % .
m3 »
2 3 »
1 . 0.4 e 1
1 mm -
< 54>
pH EC T-N T-C C/N Ca Mg K Na
(:5) (ds/m) % ratio %
+ 6.87 25.8 15 48.9 33,5 0.12 0.36 1.27 0.28
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5-5>

- 163 -

pH EC T-C T-N C/N NHA+  NCZ-
(1:5) (ds/m) % ratio ma/kg
1 6.87 258 489 1.46 335 205 147
4 6.92 25,7 484 155 3.2 275 92
8 7.16 27.0 472 159 29.7 385 148
A 13 7.30 28.8 474 1.6 29.6 406 94
18 7.33 28.7 47.5 1.6 29.7 516 121
31 7.72 299 465 1.64 28.4 300 310
51 7.73 34.2 46.3 166 279 210 750
1 6.62 24.2 434 154 28.2 297 238
4 6.3 25.0 43.3 1.52 28.5. 300 180
8 7.42 26.3 422 158 26.7 416 119
B 13 7.58 276 415 162 25.6 439 169
18 7.7 28.3 404 163 24.0 361 121
31 7.57 306 3397 1.75 227 392 181
51 7.5 30.1 39.6 1.79 221 270 809
1 6.74 23.2 404 154 26.2 239 120
4 6.72 253 39.7 158 25.1 303 152
8 7.1 26.8 398 1.64 243 460 259
C 13 7.25 273 390 1.68 23.2 323 117
18 7.74 257 385 1.72 22.4 396 152
31 7.64 2814 375 1.73 2.7 269 269
51 7.76 293 375 1.75 21.4 149 596
5-6> G.1D)



B C
(cm) G.1. (o) G.1. (cm) G.1.
1 19.4 69 12..5 44 6.5 23
4 0 0 3.3 12 0 0
8 8.5 30 2.8 10 1.5 5
13 15.2 54 4.4 16 1.4 5
18 3.7 13 23.8 85 15.0 53
31 25.8 92 20.4 73 35.0 125
B 51 19.7 70 26.1 a3 27.6 98
Control 28.2
- - 5-5,
(Cermination index, G. 1.)
5-6 -
1 15 20
1
1
80
' ]
o n - -
s Rl U
I A T B LRl
2 B0 | is ok W
%—L 1. © -— A = '-': t'l
@ 50 | = Li o : l: --:
S ' - gh' !IL
| - 1
A0 : : n n n - 2
a 5 10 18 20 15 30 35 a0
Composting days
< 5-1> .
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5-1

cm

pH

40 cnr
). 60 cr 40
50 cm
B
pH B, C 20
30 -1
pH - EC
20
20
1 EC - EC
1, 2
- A
3.2 = B
L™
- -
B2 2 -
] ]
3.8 'y
[ - =
8.8
o] 5 10 15 20 26 30 35 40
Composling days
< 5-2> pH

- 165 -



1] -
E
56
64 - u
E - = &
E e b -
a0 -
e =- . - A
=3 - - 0
56 - -
54
a 5 10 15 =20 25 30 35 40

Composting days

< 5-3> EC
- A, B, C 2.6,
2.8, 29 % -
0.2 0.25 %
- C/N 1
- C/N
C/N B 22% A
C 18, 17%
B ;
C/N
C/N -
° 4 144 e,
i A : E 154 " A = . i
EE. .: " #F e " = - %:!:I- “a .
E | 1 E i L] EM i,
- i = 13 o ¥ | - *
el iz ¥ ] 0 .
L o 3 .
- T T T H+—T—TTTTTT1 BT T T T T T T T
08 WmiBHAEDNHMA T0FWITTD SN 0D 5 0i5DEDNELD
Chimposling dins Crivpasing dns Coreoding days
< 5-4> T-C, T-N  C/N ;
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NHA-N
Prateclytic ammonia-producing bacteria

(Riffaldi , 1986)

NCZ--N
Autotrophic nitrifying bacteria

. NH44-N
A
20 500 mg/kg ]
NG&--N 20 200 mg/kg 30
_g gaa & =
E aon o ,E i
#  a0d
L 2 % z
g 200 = E o : . 5 ui
a
& aDo b
= {b}
; ang - o a -
T -
3 300 il = -
-4 A.- Y ™
Y s .
< 55 NHA-N@@)  NOZ--N(b)
1 EC 50 EC 30
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Gl owalue

NHA-N

G.1.
31

r
F 2 .
-

G.I. »
20 80
-
-
- &
-
. A
- B
F [

0 5 1¢ 15 20 285 20 35 40
Composting days

5-6>

10 %

G.I.

13 60

C/N B 22 %
17, 18 % -
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, NCZ--N 20
4 18 G.l. 80 20
80 A 80
2)
6
5-7 .
< 57>
pH EC TN 7T-¢c N ca Mg K Na
(1:5) (ds/m) % ratio %
+ + 8.9 60,5 1.27 46.2 39.5 0.06 0.20 1.44 0.51
60%
] 2 m , ()
Bacteria, Lactabacillus (B), Bacteria, Lactcbacillus,
© 3 .
2mm
1:20 (w/v)
70 2
(No. 41) - 9cm (No. 2) 9cm petri
dish  5ml 10 - 5
. 3
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Germination Index (G.1.)

- 5_81
G-I 5-9 -
(Finstein ,
1986).
< 5-8>

pH EC T-C T-N C/N
(1:5) (dS/m) % ratio
1 8.9 61.6 46.2 1.17 39.5
6 9.06 62.4 45.9 1.18 38.9
A 13 9.06 64.0 45.3 1.20 37.8
20 9.00 66.8 45.0 1.30 34.6

35 8.97 67.8 446 1.37 32.6
1 8.74 58.5 46.3 1.22 38.0
6 8.80 57.9 45.9 1.25 36.7
B 13 8.77 58.4 45.2 1.29 35.0
20 8.75 58.4 44.8 1.40 32.0
35 8.89 62.3 44.5 1.45 30.7
1 8.92 57.5 46.8 1.22 38.4
6 8.92 58.3 46.3 1.24 37.3
C 13 8.80 56.5 45.1 1.32 34.2
20 8.96 61.3 4.7 1.43 31.3
35 8.97 63.2 44.3 1.49 29.7

< 59 C.I.
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B C
1. ol G.l.
@ ° @ ° @

1 14.4 51 15.5 55 19.8 70
6 12.7 45 12.1 43 16.6 59
13 18.6 66 19.5 69 24.0 85
20 27.4 97 31.6 112 28.8 102
35 29.2 103 33.8 120 30.1 106

Cantral 28.2 100
60
(Epstein, 1986).
(de Bertoldi , 1983).
&5
rat
&0 LGN
*
55 ' ﬂ:"
(%) -, -
§ = A
E 45 "13:\5
£ 40 -— A \-‘%
IE 35 - B L
el -3
30
25 I I ] I 1
5 10 15 20 25 30 35 40
Camosting days
< 57>
Thompson (1984) 20
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, Caballero (1984)

windrow
3 60 15 60
, 20 -
6
pH
pH (viel , 1986; Sikara, 1983.
Bertoldi, 1983. Poincelot, 1975). pH 8.5
pH 8.5 -
pH
1 pH
8
= — -
- '-I -
- = -
e ]
a 7 -

o il A

| - E
il G

&
o 10 21 30 a0 50 &0
Camposting days
< 5-8> pH
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EC EC

- EC EC
EC
. EC
EC
2
-
3d [ ]
F
L i
rg-] L - :
E e
W - s
i - )
- - - - &
F o
24 -
F
22
20 a0 A0 50 ]
Composting daye
< 5-¢> EC

A, B, C 1.6, 1.8, 2.5 %

- C/N
C/N 25 35
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- C/N
- C/N
, C/N 38 40 C/N
C/NN
C/N C/N
C 22_7T% B, C
19.2, 17.5 - C/NN
=0 -
48 "’ -
46 - -
B -l D
5 40 A‘.-. i » - ‘-
18 . i i
18
1.8 -
1.7 il -2 -
oA ~ i
S ~ = -
pu i.8 i“om - -
1.5 .E"
1.4 ;
33 -
L = - e
zi LR :-- - -
FR e -2 =
n 11 a0 30 a5 a0 a0
Composling days
< 5-10> T-C, T-N C/NN
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Acetic, propiaonic,

butyric acids

(1995)
G.l.
C.l.
- G.l.
5-11 G.I.
- Zucconi  (1981) G-I 80
20
. 20 G.l.
140
120 ~
100 -
@ B0 "
E Gl g LB -
[ 40 == % - .
28 ] - . - B
o :'- T o F
a n f.n 3;:- .1.n
Campastling days
< 5-11> C.I.
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3
17 % Bacillus 2 Lactabacillus
( 5-10).
< 5-10)
A +
B + + + Bacillus 2 + Lactabacillus
C + + + Bacillus 2 + Lactobacillus +
D
7 9 7
1.8 1 3
260 nz , 5.8 Kg/m:
30 50 cm, 75
cm, 100 cm, 125 cr, 159 cm
( 511 )- D ,
, 40 - 50 %
. B
10 %
20 % - C 17 %
30 % B .
150 cm 23
, D 40 %
B 53 %, C 70 %
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< 511>

50 cm 75 cm 100 cm 125 cm 150 cm
3 ) arz ) s ) 1 ) @3 )
A * 13 (43%0) 10 (33%) 16 B3w) 13 (43%) 12 (40%)
(cm) 5.4 5.8 6.8 7.4 8.1
B 15 (60%) 13 (43%) 17 (&™) 18 (60%) 16 (B3N
(cm) 5.5 6.0 6.8 7.5 8.2
c 18 (60%) 15 (BC%®) 26 (8/%) 22 (73%) 21 (V0%
(cm) 5.7 6.2 7.1 7.7 8.4
5 13 (43%0) 10 (330 17 5™ 14 (4™ 13 (43%)
(cm) 5.3 5.8 6.8 7.3 7.9
* : 30
, B, C
2_3 ’
. D
C 5-12).
< 5-12>
B
7%, C 12.4 % , D

%
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100

- 178 -

a0
=18
o 7o
‘f‘ L]
é 50
E 40
ol
20
10
0 -
ul [=w] = [ [ ) (=] (4T i wr] o
oo oM oF w = e T T
Dayvs afler Transplantatian
B 6 %, C 7Y%, 3% 4% ,
2% 3%
( 6-12).
< 512>
() @ ) @ (cm
A 1895 24.4 34.2 12.8
B 2024 25.9 35.1 13.0
C 2130 26.2 35.5 13.2
D 1923 25.0 34.4 12.9
- Bacillus Lactadbacillus B
© )
2)



85 %
65 %
70 Q0 cr
30 60 cm
90 cm
. 30

2 30 60 cm 70
90 cm 60

< 5-13>

- 179

30, 60, 90 cm

3a,

60 cm

2
60
50

60 cm

Q0 cr

30, 60, 90 cm



80

80 - Control
-’ =t \

5 I YV - ﬁi e
5 80 o e ®
& ! &‘{*
@ =
£ '.3.-'-- '
O il & 30
~ 40 —m— &0
30 M + gﬂ
'|' Turning
20 | | | | | |
Composting days
90 -
50 — Test
fanl—
5 70 T V. a *
o Iﬂl:ll L
o A 2
S 60 e T Y |
@ 50 ! \ A
E ! Turning
A0 * e 30c
L —— 60c
0 &~ 90c
20 T T T T 1
0 5 10 15 20 25
Composting days
< 5-14> 30, 60, 90 am

5-13 - pH
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pH

- 181 -

. EC 34 35 dS/r
51 %
. 27 2.7 Y
2.3 % .
, 0.9, 0.6 % . CN
< 513>
pH EC T-C TN C/N
(1:5) (dS/m) % ratio
1 7.34 24.0 51.8 1.65 31.4
5 7.27 33.7 51.1 1.68 30.4
cantrol 8 7.09 2.7 49.9 1.65 30.2
ontro 12 7.13 35.6 50.5 1.63 31.0
19 7.25 36.3 49.6 1.63 30.4
27 7.24 36.9 49.1 1.74 282
1 7.27 35.6 51.5 1.64 31.4
5 7.36 2.3 51.9 1.56 33.2
Test 8 6.43 35.0 51.0 1.62 31.5
12 7.24 36.9 51.7 1.69 30.5
19 7.50 36.0 49.9 1.66 30.0
27 7.46 39.4 49.2 1.70 29.0
2



<

5-16 -
C/N 20
1) » 2
, 9 > 4) -
Y% W e
= " ]
¥ al 1544
4 & mE — zmz i‘iﬂ - e Eeas
kAl
EEF"‘ > :
HEE W
5-16>
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5-16 -

1) Nonreactor Praocesss

Nonreactar syster  Agitated solids bed
bed . Agitated solids bed

) Windrow Process

Windrow Nonreator agitated sclids bed system

R Windrow

. Windrow
windrow -

) Static Pile Process

Aerated static pile process Nonreator, static sclids bed

- 183 -
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2) Reactor Processes

Reactor praocesses Vertical flow reactor
reactar
Horizaontal flow

) Vertical Flow Processes

Vertical flow processes

Noving agitated bed reatars -

Noving packed bed reators

) Horizontal and Inclined Flow Processes

Horizontal flow processes

(BDB

3tor/1

Horizontal

Bin , Static solids bed

Nonreacter, agitated sclids bed system Aerated windrow(

Aerated static pile process( )]

- 184 -
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Y

- 10
2)
Aerated windrow 50m x 1.5m x
3m 1 1.7m/day -
30
3
Nonreactar, static sclids bed syster
1
4)
C/N .
55  65% , C/N 25 35 -

, Bulking agent -
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-~

Edl==

I-I

= FE A

oS A

25m

L

LU
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< 5-17> -

4 5 -
65 % 55 %
1.25m2( 1.1mx 1.1m x 1.1m)
500m/Hr
1.1m )
\ | 1.Aerated static pile
2. Perforated plywood
3. PVC pipe
1Am / 7 4. Blower
Y, //
s
A 1 B
2 3
3 r.-f r.’r ‘I‘_r I'."‘r-"lrl‘l.'rr_. ’J F {’ _': Cl ::
| I.-'l l.-" I.-z I.l-’ _:J .-"r J.- o 'fl‘jl_ ./ \_//
X ;
< 5-18>

- 187 -



<

45 %

5-14>

5-14
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w

pH

3,500
4,000
4,000
1,000

800
2,000

600
1,800

(20 L x 10 )
2

300
1,500

(ribbon mixer)
Tray ( ) 100

3,700
100

*

(

20 %)

4 )

5,000

2,500

2,500

6,000

10,000
35,000

84,300

, 140
700 90

40
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45,000 85,000
5-14 - 1
< 515
o 10 kg
1. 7L :
150 /L x 7 1,050
2. 1.75 kg :
1,000 /kg x 1.75 kg 1,750
3. 5.25 kg :
* 100 /kg x 5.25 kg 525
o : 1
2,700 /180 g x1 3,325
6,650
o 180 g
1. 15L:
900 /L x 1.5L 1,350
2. Skim milk 180 g :
7,500 /kg x 0.18 kg 1,350
*x |© - 2
2,700 /180 g x 2 5,400
8,100
* 1 10 kg C 149 108 - 109)
el 1 2 o/ a0 C | 107 -
1C¢)
10 kg
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1 1011 - 1012 CFU/g

108 - 109 CFU/g . 10 kg
L, 1.75 kg, 5.25 kg )
150
1,050
, 100 1,750 , 525
10 kg
= 6,650 .

Lactacbacillus
29 3
180 g
milk 180 g . 900

skim rilk kg 7,500
2,700

2,700 x 3 = 8,100

- 191 -

(S0 )

7

7L

kg 1,000
3,325

3,325 x 2

MRS

1.5 L, skim
180 ¢

2

formulation



(KCTC 0407BP
KCTC 0408BP), ]
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