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PR A R

I 4 =
i 4 S Ry B R S ) R
HEAF  mg/kg
EIEERED 87— 5k Y Ak S SN SIS
() *5<4 4-9 10- 60 > 60
H+<4 4-15 16 - 60 > 60
2Cd@ﬂ) <0.05 005-039  04-10 > 10
3. Cr( <0.1 0.1-10 11- 16 > 16
4Cu(4%) <1 1-11 12-20 21 - 100 > 100
5.Hg(5) <01 0.1-0.39 0.4 - 20 > 20
6hH@%) <2 2-10 11- 100 > 100
7. Pb( <1 1-15 16- 120 > 120
SZn@Q) <15 1.6- 10 11- 25 26 - 80 > 80
Ik E@I“E%’f‘éﬁ“%‘é‘,‘uﬂgﬁtb() IM NSO
ﬁﬂuffm' SERCT SRS Ef}f@@r G 2 MR 14 - Sy
*'[[n :"‘;T;’: RN /I
Y- Ak i T SR (B R R H e
Ao n RIS EAREE AT -
m_ﬁij%WEéﬁjE@ﬁgﬂ,@ :
TP e g L e el ,
sy s Mg Sphep e g i Y e e o s
W%:l—°
B 4 =
2 ] s o VAR YE
FIET [ i
<1 35C
I i 4 (PH) 6.0-9.0
FELE (E.CL) 750 « mho/cm 25°C
'Effiﬁiﬁgiﬂ 100 mg/1
(S.S.)
”Ff‘fzﬁ 200 mg/1
7[5 & 1.0 mg/1
i (Cu) 0.2 mg/l
% (Pb) 0.1 mg/l
7.1 (N1) 0.5 mg/l
£ (Zn) 2.0 mg/l
gt (Cd) 0.01 mg/l
& (Cr) 0.1 mg/l
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B 1

AR 7 LB 1

5 # I"EFFE.'J = 2R PR P | TR R | R
lﬁ#[ B cm day % g kg/ha

’F'}E—l 67 9 [ 103|120 27 |73 85 23 5962
IT [101 |96 19 |87 70 25 5153
ﬁ.’f;‘é 1398k [T |95 130 19 (106 76 27 6408
IT |96 108 13 [122 66 27 4407
’F’} FIRIEE-1 9F (T |96 120 18 101 &7 27 6030
I1 197 101 17 |105 38 26 5928
’F'}HliFﬁ%m BRI 101|118 20 196 38 23 7500
IT {103 |108 16 |119 36 23 6448
ﬁ.’fﬁ% 1425 |1 |91 109 17 |89 81 25 5209
IT 93 92 14 |87 82 25 4229
’F}Hlﬁ“ 10 5% |1 106|117 20 1159 38 25 7403
IT 105 |98 15 |16l 38 26 5803
’F'}*Elﬁ%l 91 |94 128 21 |71 92 25 5044
IT (95 103 17 |68 90 25 3879
’F'}*EIZ%T [ 111|143 17 |88 92 26 7189
IT |111 {100 13 (108 95 29 5178
’F'}?El 8 B I 106|134 18 |86 95 28 6542
IT |100 |108 15 |82 94 28 4935
’F'}?El 9 B I 101|123 16 |90 33 23 6199
I1 197 114 13 195 79 24 4747
’F'}?EUFF,%S G/ 104|123 15 91 36 26 6663
IT 1[99 107 12 193 30 27 5136
’F'}*El 11 5 I 94 120 17 |88 84 23 6586
IT (92 100 14 |89 82 24 5178
’F'}*El 14 5 [ 102|127 16 (99 85 25 6944
IT (96 113 13 (106 74 24 5041
’F'}%’J'Z%T [ 108 [120 15 (115 90 25 7214
IT (102 {102 14 100 38 24 5362
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Tib 675K I 80 68 2 2 22 | 8.7 | A~B
11| 81 71 3 3 19 | 6.7 | AB

s 139 9 I 83 69 3 1 16 | 5.6 B
11| 82 69 3 1 18 | 8.0 B
ﬁWﬂ%ﬂ%‘l 81 55 - 8.0 -
IT | 80 56 - 8.3 -

FiflRET0 5% | 1 81 60 - 7.1 -
11| 8l 58 - 7.8 -

s 142 5K I 82 69 4 1 19 | 5.4 B
11| 83 66 3 1 18 | 6.7 B

FiflFr 088 | 1 77 49 3 3 19 | 7.7 | A~B
11| 77 55 3 1 19 | 7.1 | A~B

ik I 81 68 - - 2 |6.1 -
11| 82 69 - - 9.8 -

(2% I 83 53 4 3 17 | 5.2 | AB
11| 82 73 2 2 22 | 6.6 | A~B

T 8 Uk I 82 52 4 1 14 | 5.6 B
11| 84 65 3 1 22 | 7.0 B

T 9B I 81 57 4 3 16 | 6.3 | A~B
11| 8 72 3 1 19 | 8.0 | A~B

T RS B I 81 70 - - 2 | 7.0 -
11| 8l 71 - - 8.7 -

T L BE I 83 60 3 0 19 | 8.0 | A~B
11| 83 71 3 1 22 | 8.3 | A-B

i1 14 5% I 83 70 3 1 19 | 7.4 | A~B
IT| 83 70 3 1 20 | 7.4 | A~B

iR 2B I 80 67 3 1 18 | 7.8 B
IT| 79 69 3 0 20 | 7.1 B
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1986)
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ppm

10 10 25-~35
100 10 100
210 31 234
1986)
1979)
( 1996)
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NH** =N ( )
ppm
26.7" 16.3 21.5
4 32.3 11.6 22.0
30.4 16.9 23.7
16 24 .5 16.7 20.6
' ( 1979)
C )
( 1994)
( )(Suzuki et
al,1990) ( 1973)
50 60
60
) (
1967 1981)
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110 ¢
»
= ook
=
H
hw |
o A DF Plot
]
- 90r e IF Plot
L L i ] q 1
1528 1936 1946 1956 1966 1976
35 -4 65 -85 —75 -82
Suzuki et al.1990
19591967 1978-1981
1 14.0 6.7
1-2 50.6 38.1
2.3 26.9 3.1
3-4 8.3 16.0
4 — 6.1
1967 1981
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48  (1959)

1.25~2.5 10%
67~70 (1978~1981)
5,730
40ppm 45% 90ppm
70%
2.
3.
61
(1972)
66  (1977)
30~50
25 15%
4.
66 (1977)

41



200

Park(1988) 16

15~20%)

42

200

(

60~70

)



5.5 /
100 / 20~30

)
(1962-1977)
« 7 ) « /7 )
N.P.K. N.P.K+ N.P.K. N.P.K+
815 4.78 4.97 1.04 324 4.83 4.96 1.03
Japonica
Japonica X 61 6.57 6.73 1.02 64 6.79 6.84 1.01
induca

61 1.53 1.93 1.26 49 1.57 1.86 1.19
19 1.80 2.27 1.26 1 2.86 4.24 1.48
14 1.90 2.24 1.18 3 2.10 2.66 1.27
4 0.61 0.66 1.09 3 0.62 0.76 1.23

C )
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pH

(

44

1998)

pH



(1994)

C )
(1998)
53 2.3 1.3 4,000 1/2
10
1/4
1/4
0.2
8~10 6~8
(50%)
( 2002)
(1995  2002)
( 2002)
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C/N ratio
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20

150

51

10



100

15

15-20

40

500

15

10

60
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100

500

10
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20

800

200



10 5 6
+ (1 1)1000
1,500 | 15,000 2,500 2,500 600 22,100
1,400 1,500 500 200 3,600
200 60 50 310
10001
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20kg

2001

300

50

40

390

10001
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2000

p. 51-63.
2000
p. 64-69.
2000 p. 85-89.
1998 —
MOA No.16:23-25
1998
p. 5-1~5-5
1998
p. 161-184.
1998
p.21-22.
1998
p.23-24.
1998
p.31-32.
1998
p. 274.
1997
p.44-51.
1997
1995
p.95-107.
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10.

11.

12.
13.

14.

15.

1992
14(1):22-24
1992

97:57-61
1991
No.4:40-41

1994

1991

1989
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285:57-60

MOA
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(D)

( 1@

(3)
(4)
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150

s S e\ A )

150

120

a0

£ FHME(R)
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61

10cm



200ppm
10,000ppm 50
0.8ms/cm 300~600
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7.6

30~45

6.2

64

pH

15~30

pH

pH



1999 147

147
pH
30% pH 7.0
2.0%
3.0% 84% EC
1:5 1 ms/cm 31% EC ( 1:5)
6 EC EC (15 1
ms/cm EC 6 ms/cm
EC (1:5) 1 ms/cm
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(water potential)
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(d)

(e)

(b)

(a)

67



EC

)

EC 0.4 ms/cm(
100 ppm) EC 0.4 0.3 ms/cm
3/4 EC
0.3 0.2 ms/cm 1/2 EC 0.2
0.1 ms/cm 1/4 EC 0.1 ms/cm
( )
( 3.0%)
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69

(0-15 )
EC(1:5)" NOs~ N B
Ms/cm (ppm) A’ B’

0.4 100 100 75
0.4 0.3 100~75 75 50
0.3 0.2 75~50 50 25
0.2 0.1 50~25 25 0

0.1 25 0 0

1 5
A
3.0%
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2. ERELRS IS B G PRI iR B
20%

34w BRI  E R S TTOR A

AR PR ITROR > HLE R BT ) R S )

4~T%

0.6~2.0% 1.0~3.0% 0.5~4.0%

S U AR PRIE S B ER BT (A S T
pH 4.0

1.5
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Trichoderma
spp.

De Waard 2000 56
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(De Waard, et al., 1993)

[ 2006

75

Lumsdem,et al., 1998;
http:/www.barc.usda.gov/psi/bpdl.html

2000
75
(EPA)
Biopesticides Pollution and Prevention Division, BPPD
1995 14
1996 10
35-40 12
36-45
(
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(crop rotation)

1934  Weindling
Rhizoctonia solani

Fusarium oxysporum
Fusarium solani Fusarium colmorum
Rhizoctonia solani Pythium spp.,
Phytophthora citrophthora
Heterobasidium annosum; Armillaria mellea; Ceratocystis ulmi

Chondrostereum purpureum Phellinus spp.,
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Sclerotium rolfsii Sclerotium cepivorum Sclertinia

spp. Plasmodiophora brassica
Meloidogyne spp., Botrytis spp.
( ) Collectotrichum spp
(L0,1998)
Fusarium
oxysporum Sclerotium rolfsii
Monosporascus sp (Lo, et al., )

(cucumber green mottle mosaic virus)

(L0,1997)

(1)

(2)
(3)

Trichoderma harzianum strain T95
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(rhizosphere competence)
T. harzianum strain T12
Dr. Harman

(cell fusion) T. harzianum strain 1295

(increasing level)
(repeat sales) ( )

() (infection
court)
Risheth
Phlebia giganta
(Heterobasidion annosum ) Kerr
Agrobacterium radiobacter K84

(damping- off)

Gliocladium (
Trichoderma) virens GL21

Trichoderma harzianum

(rhizosphere)
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(Plant growth promoting

rhizobacteria) Pseudomonas aurreofaciens AB254
(Pseudomonas fluorescens biovar. V)
(Pythium seed rot) 10%4°
10" CFU Pseudomonas fluorescens strain 2-27

Gaeumannomyces graminis var. tritici

(wheat take-all disease)

(seminal) (crown root) (subcrown
internodes) Gaeumannomyces graminis var.
tritici ( )

(atoxigenic) Aspergillus flavus AF36
Aspergillus flavus

AF36

(florial parts) Aspergillus flavus

Sporidesmium
sclerotivorum

( Sclerotinia minor )

Tichoderma spp

()

Fusarium spp Phytophthora sp  Puccinia canaliculata

Collectotrichum spp
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++
+++
viability
(vigor) spread persistence
suitability
(compatibility)
12~18
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)
( ) phyllosphere
Botrytis cinerea
T. harzianum
( ) soil
soil borne diseases (A)
(B) granules broadcast application in
furrow treatments planting soil amendment (©)
Trichoderma-carrying cover crops ( )
Post-harvest disease
(Mycocentrospora
acerina Rhizoctonia carotae ) Phlycta e n a
vagabunda Cryptosporiopsis curvi

(Rhizoctonia solani)
bentgrass ( )
(T. harzianum strain 1295)

84

spor a



(green) (2~3 | )

(primary inoculum)

2002
7
1093-1098.
1999
2001
6 147-149.
2002
7 1099-1104.
1997
:57-62.
1999.
35(1):11-22.
2000
2(3) 9-12.
Bur ge s, H. D. 1998. For mul at i ofni coafl Mi c
mi croorgani s ms, nemeaetad dnesn t an d Kd arevce r
Publ i sher s, Dordrecht, The Netherl an:

Hall, F. R., and Menn, J. J. 1999. Biopesticides: Use and Delivery.
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Humanna Press Inc., Totowa, NJ, USA.

Jin, X., Hayes, C. K., and Harman, G. E. 1991. Principles in the
development of biological control systems employing
Trichoderma species against soil-borne plant pathogenic fungi.
Pages 174-19. in: Frontiers in Industrial Mycology. G. C.,
Leatham. ed., Chapma and Hall, Inc., Lodon.

Lewis, J. A., Fravel, D. R., Lumsden, R. D., and Shasha, B. S. 1995.
Application of biocontrol fungi in granular formulations of
pregelatinized sarch-flour to control damping-off diseases caused
by Rhizoctonia solani. Biological control 5:397-404

Lo, C. T., Nelson, E. B., and Harman, G. E. 1996. Biological control of
turfgrass diseases with a rhizosphere competent strain of
Trichoderma harzianum. Plant Dis. 80:736-741.

Papavizas, G.C. 1992. Biological control of selected soilborne plant
pathogens with Gliocladium and Trichoderma. Pages 223-230. in:
Biological Control of Plant Diseases: Progress and Challenges for
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Plenum Press, New York.
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Champan & Hall, New York, USA.
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Trichoderma spp and Plant Disease M anagement

Lo, Chaur-Tsuen
(Taiwan Agriculture Research Institute, Wufeng, Taichung)

Abstract

Biological control will be an alternative strategy for the control of
plant pests given the history of pesticides on developed country in the
twenty one century because biopesticides are thought as the natural
organisms that are less toxic and pollution than chemical pesticides for
the globe ecology. For disease management, Trichoderma spp was usually
applied as an important role among biocontrol agents of plant diseases. So
far, the biopesticides may mainly include biofungicides, bioinsectcides,
and bioherbcides. Generally, the basic requirements of a successful
system of biological control of plant pests are (a) an effective biocontrol
agent, (b) production and formulation methods that give rise to high
yields of biomass consisting of appropriate efficacious propagules of high
viability and stability, and (c) delivery systems that provide a conducive
milieu and minimize growth of competitive microflora. In addition, the
processes of the biopesticides for commercially available still need to
complete the field tests, and to pass toxicity tests, and registration by
Environmental Protection Agency and Council of Agriculture of Taiwan.
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(integrated pest control) (integrated pest management)
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(economic
threshold)

)
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(L

(2)
(3)
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(2)
(3)

(4)
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(L
(2)

(3)
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(L

(2)

(3)

(4)
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32

10

96

35



10-90%

97

(allelopathy)



(pest)

(Chenopodium ficifolium)
(Polygonum lapathifolium) (Cardamine parviflora)

(Echinochloa
crus-galli) (Scirpus juncoides) (Cyperus difformis)
(Monochoria vaginalis) (Sagittaria trifolia)
(Ammannia baccifera) (Lindernia pyxidaria) (Rotala
indica) (Sphenochloa zeylanica) (Scirpus planiculmis)
(Lemna paucicostata)
(Salvinia natans) (Azolla pinnata)

(Echinochloa colona)
(Leptochloa chinensis) (Paspalum distichum)
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(Cyperus iria) (Lindernia ciliata) (Alternanthera

sessilis)
(Sagittaria pygmea)
(1983) 30
60
(Eleusine indica)
(Digitaria sanguinalis) (Amaranthus
viridis) (Erigeron canadensis) (Portulaca oleracea)
(Stellaria aquatica) (Poa
annua) (Senecio vulgaris) (Sonchus oleraceus)
(Erigeron sumtrensis ) (Solanm nigrum)
(Bromus catharticus) (Malva neglecta) (Erechtites
valerianafolia)
(Gnaphalium
purpureum) (Hemistepta lyrata) (Polygonum
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plebeium) (Rorippa atrovirens)

(Fimbristylis miliacea)

19-20 30-45
3
(Alternanthera sessilis) (Cyperus rotundus)
(biotype)
(paraquat)
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(pest)

(soil seed bank)

43
2,4-D
40-46

70 98%

(glyphosate)
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1-2

(butachlor) 1-2
2-3
(bentazon)
(sulfonylureas) (pyrazosulfuron)
(bensulfuron) (imazosulfuron) 3-4
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103



104



105



0.1

10

106

30



30

20

15

C/N
6.3
9.5

10.9

43.6

13.6

7.5
5.2
6.8

11.6

14.9

7.0
2.7
2.5
2.0
2.0
2.0

44 .2

17.0

25.1

4.1

51.4

25.8

15.6

21.3

6.7

45.1

27.1

39.8 10.9 15.9 17.3 12.4

15.5

30.9

7.9 13.4 25,4 12.2
4.9

37.7

16.1

31.4

36.7 12.2

12.2

33.2

189.3
20.9

37.6

11.1 29.6 18.8 10.0

26.9

1.6
1.9
1.1
0.9
0.7

33.4

7.8 30.4 30.3 12.0
4.2

16.2

22.0

42.2

6.8
5.6

24.2

15.7

43.3

28.5

31.0

15.5 22.8 31.8 17.1

45.9

41.1

59.3

39.1

0.7 60.2 12.8 25.0 37.0 11.2 4.1
0.5

39.1

3.4
2.1

18.6 16.3 41.9 20.6

74.1

40.1

10.9 21.6 48.2 15.5

126
140
242
923

0.3
0.3
0.2
0.1
1995

42.2

1.8
1.3

6.8 55.2 15.3

10.9

18.1

40.6

30.5

48.2

1.3

50.4

66.5
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=

%

%

%

%

83.5 14.6 0.27 0.15 0.05
76.0 21.0 0.45 0.32 0.35
65.0 30.5 0.60 0.45 0.25
80.5 12.5 0.70 0.27 0.40
93.5 3.2 0.60 1.30
89.5 6.9 1.50 1.60
86.5 7.5 1.90 2.65
98.7 1.0 0.25 0.10 0.75
1956
% % % % %
56.0 25.5 1.63 1.54 0.85
56.0 26.3 1.00 1.40 0.62
73.0 13.4 0.55 0.54 0.94
51.0 30.8 1.76 1.78 1.00
60.0 30.0 1.44 0.25 1.10
1956
N % P20s% K20% %
7.22 5.00 5.68 3.41 1.58 2.63 1.69 -
8.73 3.51 6.55 3.39 1.82 1.33 1.00 8.53
6.82 3.63 4.98 3.19 1.35 2.06 1.90 6.08
7.95 2.23 3.14 2.26 0.64 1.33 1.99 11.27
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N % P,0% K,0% %
561 374 459 320 151 258 110  11.07
- - 164 - - 203 039 -
- - 490 - - 200 092 -
- - 510 - - 187 155  10.29
- - 260 - - 094 - -
1956
« D
N P20s K-0 N
14.3 78.6 0.63 0.11  0.85 0.735
14.3 77.9  0.97 0.11  0.85 1.132
14.3 81.2 0.64 0.19 1.07 0.747
14.3 81.1 0.48 0.22  0.63 0.560
15.0 80.5 0.48 0.38 1.64 0.565
14.0 82.8 1.31 0.31  0.50 1.523
18.0 75.5 2.46 0.92  2.82 3.000
() - - 1.18 0.51  1.28 1.388
16.0 77.7 1.04 0.35  0.99 1.238
16.0 79.5 1.63 0.29 1.94 1.940
20.8 71.4 2.24 0.57  3.16 2.929
() 70.0 28.0 0.54 0.15 0.46 1.800
14.0 81.0 1.00 0.22  0.29 1.163
) 15.0 72.8 1.64 0.42 1.70 1.930
15.0 79.5 1.68 0.27  3.55 1.976
1956

109



36

2 3
2
50
CHICKEN
40
30
3
=z
- |
I 20
1
wt
Z A
= BAIRY (29% N)
[ DAIRY (20% N)
(AVERAGE OF
gqol—1 1 1 1 1 1
| 2 q 6 8 10
INCUBATION TIME, WEEKS
SanEmigdio

Castellanos and Pratt 1981
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60

60



1,5,8

40

35

30

25

20

15

10

50

100

112

150

200

7,12

250

12

300



((lignin+polyphenol)/N)

Net N Mineralized (mg/kg)

1,7,8,11

4,6,9,10,13,14

(lignin/N) 10,13
6,9
0 o
o
y = 562.5 - 8.75x
r = 0.93
.0
3 5 7

(Lignin + Polyphenci /N

Fox et al.
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1990




20

2
60% 1.5%
60+2+1.5 20
1978
49(6):455-460
1995
84 5 11-12 pp.59-71
1956 pp-99-144

4 _Allison, F. E.(ed.). 1973. Soil organic matter and its role

in crop product. Dev. Soil Sci. 3. Elsevier, Amsterdam.
.Castellanos, J. Z. and P. F. Pratt. 1981. Mineralization of
manure nitrogen-correlation with laboratory indexes. Soil
Sci. Soc. Am. J. 45:354-357.

.Clement, A., J. K. Ladha, and F. P. Chalifour. 1995. Crop
residue effects on nitrogen mineralization, microbial
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biomass, and rice yield in submerged soils. Soil Sci. Soc.
Am. J. 59(6):1595-1603.
7.Constantinides, M. and J. H. Fownes. 1994. Nitrogen mineralization
from leaves and litter of tropical plants: relationshipsto nitrogen,
lignin, and soluble polyphenol concentrations. Soil Biol.
Biochemistry. 26(1):49-55.
8.Douglas, B. F. and F. R. Magdoff. 1991. An evaluation of nitrogen
mineralization indices for organic residues. J. Environ. Qual.
20:368-372.
9.Fox, R. H., R. J. K. Myers, and I. Vallis. 1990. The nitrogen
mineralization rate of legume residues in soil as influenced
by their polyphenol, lignin, and nitrogen contents. Plant
and Soil. 129:251-259.
10.Jerry, M. M., D. A. John, and F. M. John. 1982. Nitrogen
and lignin control of hardwood leaf litter decomposition
dynamics. Ecology. 63(3):621-626.
11.Norman, R. J., J. T. Gilmour, and B. R. Wells. 1990.
Mineralization of nitrogen from nitrogen-15 labeled crop
residues and utilization by rice. Soil Sci. Soc. Am. J.
54(5):1351-1356.
12.Smith, S. J. and A. N. Sharpley. 1990. Soil nitrogen
mineralization in the presence of surface and
incorporated crop residues. Agron. J. 82(1):112-116.
13.Stump, L. M. and D. Binkley. 1993. Relationships between
litter quality and nitrogen availability in Rocky
Mountain forests. Can. J. Forest Res. 23(3):492-502.
14 .Vallis, I. and R. J. Jones. Net mineralization of nitrogen
in leaves and leaf litter of Desmodium intortum and
Phaseolus atropurpureus mixed with soil. Soil Biol.
Biochemistry. 5:391-398.
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431 404 166 260
40 70 210 417
5 6 25
24 (1) ( 30 )593 ()
(4) 83

58 233 110
(3
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(5978kg/ha)
0.8°Brix® 1988

( 30 )
5
1.1 °Brix"
(8)
4.05
1

(1988 1991)

( 15 ) (6399kg/ha)
(16.7°Brix) (15.9 °Brix)
( 10kg)
13 (® 1990 1991
13
1.3 °Brix
(40 I 1) 5.44 /
/ 34 O 10
17.5 °Brix( 14.3 °Brix)
(30-60 ) 1
(10)
(

(mineralization)

pH

pH 5.9 7.4

(9)
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(30-60 ) 1 0-60

(mineralization)

(lignin)
( )
(30-60)
( ) 10 30%"Y
0.6 0.2 2.0%
06 1.8 0.2 0.6 20
(10 15)
(85 50%)
3.0 25 2.2% 80%
24 20 18
(8 10)
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100%

6.0 1.5 2.0% 100%
60 15 20 (11)
%
100 45 10 40 235 0 330
90 50 08 120 34 0 -
70 117 03 ( 130 20 10 -
77 93 03 92 1.3 0 05
74 112 07 30 250 0 -
28 10 02 0 350 0 460
45 35 05 285 48 43 02 05
46 19 08 134 03 01 -
02 01 002 288 130 75 01 -
45 25 03
)
%

61 06 01 09 10 04 10
72 05 02 07 3 16 03 20
20 20 39 15 11 05 13
75 06 02 06 51 05 04 17
73 07 03 19 62 06 03 11
30 15 05 06 16 31 05 06
08 02 23 105 04 01 03
28 17 04 13 18 26 08 54
22 17 08 10 14 17 11 56

)

120



%

70 13 21 5 50 1.0
46 25 14 8 54 22 15 45
63 12 13 8 20 05
50 20 19 07 15
52 17 14 20 15 150
25 50 20 15 07 05
30 08 05 15 05 40
58 32 15 10 45 12 27
34 16 10 0.1 730
0.2 220
)
%
1.35 1.06 0.44 27
0.94-3.5 0.78-4.4 0.48-1.2
0.9-5.7(2.5)" 0.7-9.4(2.9) 0.1-2.6(1.0)  9-48(15)
0.4-5.7(2.1) 0.7-9.6(3.7) 0.3-6.6(2.1)  6-94(19)
1.2-3.9(2.2) 0.8-5.1(2.3)  0.4-3.2(1.6)
1.22 0.25 0.49 21
)
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()
70-80 80% 40-60
30 60
(12)
(4-6 )

122



( / )
N P,Os K0

120 / 800-1200 350-500 600-850
50 / 110-165 55-80 220-330 10 /
550-650 100-1200 300-600 20 /

250-300 200-240 100-150
9 300-360 100-150 270-360 20 /
3 100-150 1200-1800 100-150 10 /

8 1200-1600 180-250 1200-1800 20-30

10 250-350 130-150 400-500
1 70-90 250-300 90-120 10 /
6 400-450 400-500 600-650 10 /
10 700-800 150-200 500-700 20 /
3 300-400 70-110 400-500 30 /
6 100-150 200-300 100-150 20 /

5 400-500 220-260 300-500
10 400-500 40-60 300-350 12 /
7 180-220 250-350 180-220 10 /
6 450-650 100-150 450-500 10 /
3 120-160 250-350 120-160 20 /
3 500-600 100-150 400-500 10 /

250-300 600-800
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(2)

(2)

23

124

(1)

(1)



250~300 /
2% 250
250x100/2 12,500

125



100

12

15-30

10

50

[5-30

126

C/N

)6

1000

100

50

C/N

12



1000

100
4.
800-1000 300-500
20-30
100
6 3 2 3
10 2
15-30 50
1000 2000 ;
100 - - 2000
3000 ;
0.5
3.
5-6

127



2-3

2
2
50 1000
4.
1-1.5
80-120
5.
10-12
5-15
8-9
1000-2000

11

1 3
100
15-30
100
30
2-3
60-75
12
70
50-60
(pH 5)
pH 5.5-6.5

128

10

25-35

120



pl-4

10.

11.

4-5
30

1994
1988
p217-227
1995

19809
D29- 242

1994

1993

1998

p8-13

1991

1993

1991

1994

129

2.5-3

50



12.

13.

14.

15.

16.

17.

1998
pl4-109
1998
p79-83
1998
1998

p97-100

1998

1997

130

p85-90

23



EC

131

EC

23



1973
(Hunt et al, 1973)

(1)
(2) ( 3) ( 4) ( 1998)

Pseudomonas spp.
Erwinia carotovora
(Hoitink, 1980 Lumsden et al.,
1983 Hoitink and Fahy, 1986 Hadar and Mandelbaum)

(compost tea)

(emerging technology)

132



(phyllosphere)
(Bacillus and Pseudomonas)
(Sporobolomyces and Cryptococcus) (Trichoderma)

(Penicillium)

(Cronin,1996)
(apple scab)

A W N R

(bioassay)

(Trankner, 1992)

( ) (Stindt and Weltzien, 1988)
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(Samerski and Weltzien, 1988)

(Erysiphe graminis)

)
Ingham and Alms, 1999
Ingham
7-14
24
8
)

and Alms,1999

1 5-10

Urban and Trankner(1993)

200 mesh(75 micro)

Weltzein
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1989
Yahalem et al. 1994
scab
Pseudopeziza fracheiphila
Ketterer and Weltzien,1987 Kai et

al 1990
1.
17
Cu Zn Fe

2. Heinrich Weltzein

(1986) 10L

1 3 7
2 . (1) ( ) (2) (3)A

(4)B
( ) 7

3.
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CH 48

0.5 Tween 22
23
B 0.5 Tween
B
Y
)
— 6.25 100
— 4.67 75
CH 7 3 48
cC 7 3.8 61
— 1.4 22
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— 64 95
— 67.3 100
A CH 7 15.3 23
cC 7 26 39
— 25.8 38
( ) — 16.9 25
Y
EC
EC
1 2 EC
C )
9-12 (Dittmer,1990)

(Dittmer,1991 Trankner, 1995)
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(& ) 9% ok

Tr 4 y=-0.1415x + 6.2398
6F R*= 06116
' F
'
3t
ir
N 3
_D &k 1 i @ L i T |
0 10 20 3 40
EC(ms/cm)
EC
120 y=-L1693x + 100.69
100 L ° R*=10.5433
80
80 e
4 ® ®
20
I'-"llljllilll.llll.lll.l.l]
0 10 20 30 40)
EC(ms/cm)
EC
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1. 1998 pp. 45-57
109pp

2.Grobe, K.1997 It"s a new era for farm compost. Biocycle
38:52-54.

3.Ingham, E.R. and M. Alms 1999 Compost Tea, Manual 1.1, Soil
FoodWeb, Inc.,pp42.

4 _Kai, H. T. Ueda and M. Sakaguchi 1990 Antimicrobial activity
of bark-compost extracts. Soil Biol. Biochem. 22:983-986.

5.Ketterer, N. and H. C. Weltzien 1987 Studies on the effect
of compost extract on the infection of grapevines by
Pseudopeziza tracheiphila.

6.Weltzein, H. C. 1989 Some effects of composted organic
materials on plant health. Agri. Ecosys. And Env.
27:439-446.

7. Croni n, M. J. , D. S. Yohal em, 9 R..
Putati ve mechanism and dynami cs
pat hogen Ventur i a i nequal i s by
Bi ochemistry. 28 1241-1249.

8.Hashimoto H. 1977 Theory and Application of Orgaic Soil
Amendment, p. 25. Noubunkyou, Tokyo (in Japanese).
Hoitink H. A. J. and P. C. Fahy 1986 Basis of the control of
soilborne plant pathogens with composts. Annual Review of
Phytopathology 24 93-114.

10.Matsuguchi T. and T. Nitta 1988 Effects of organic amendments

O

upland crops. Japanese Journal of Soil Science and Plant Nutrition
59 1-11.

11.Papavizas G. C. and C. B. Davey 1960 Rhizoctonia disease of
bean as affected by decomposing green plant materials and
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associated microas. Phytopathology 50 516-521.
12.Suzuki T. and S. Ishizawa 1965 Soil microorganisms, their
activities and soil fertility. Bulletin of the National
Institute of Agricultural Sciences 15 181-189.
13. Hoitink H.A., A.G. Stone, D.Y. Han 1997 Suppression of plant
diseases by composts. HortScience 32(2):184-187.
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1] 1| {40 210 280 350 420
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( 1993)
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120 /
60 /
60 /
60
(1993 )
0-15 24 7% 69.9
(cm) 29.2 37.7
15-30 21.6 40.0
(cm) 23.6 19.5
1. 17
2.
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o

o wry s

(M7 /% )R EF X+

4.5

180 210

120 150

90
BEwmE(LR/20W)

60

30

(1993

1/3

1/3

6.86

/

111.2

6.93

97.9
90

75
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) 2002

50 75
( 2000~2002 )
( / ) (
4.79 53.0
6.93 97.9
+1/3 y 6.86 111.2
X N P205 K20 120 60 60 /
Y +1/3
120 /
40 /
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%

/ N P20s K20
20-40 0.47 0.09 0.42 3-8
20-40 0.37 0.08 0.14 3-8
10-20 0.62 0.09 0.32 3-8
10-20 0.58 0.08 0.73 3-8
20-30 0.16 0.11 0.39 3-10
20-35 0.21 0.02 0.28 10-2
30-35 0.56 0.13 0.43 10-2
20-30 0.52 0.14 0.40 10-2
20-40 0.48 0.09 0.37 10-11
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C/N ratio

50%
75%

25%
50%

25-50%
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100%

150



10

40

1%

500

6~10%
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50

25%

21

30

1985

2005

1999

10
280

10~30%

10

300

2000 7

50
2000

IFOAM

152

13

300

1997
2010

(Porto)

30%



153



(IFOAM)
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phytotoxic substances

(microbial toxins)

Rice 1984 1966

Martin 1962

Table 1. Plant allelopathy arisen from unfit crop sequence
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specific host-parasite relationship

sensitivity
resistance
Fusarium Pythium
Rhizoctonia Actinomyces Phytophthora spp. nematodes
cyst nematode
16
Rhizotonia
Pythium
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( )
( )
Rhizotonia Pythium
(86 )
Table 2. Occurrences of Insect and disease for organic
vegetable crops (1997 fall)
1. ++ +
2. ++ +
3. + +
4. + + +
5. + ++ + + ++
6. +
7. + +
8. ++ ++ + +
9. +
10. ++ ++ ++ ++
11. +
12. + ++ + +
13. ++ ++ ++
14. + +
15. + + +
16. ++ ++
0.1~5 %, ++ 5~20 %, +++
20 % ( 2001)
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nitrogen fixation
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1957 1957
Table 3. Effects of nutrient uptake of previous crops on the yields of

subsequent crops

N P20s K20
108 26 40 1.29 1.87 1.09
87 14 49 1.46 2.26 1.12
73 4 13 1.76 2.54 1.16
61 12 30 1.97 2.54 1.15
1.55 2.73 1.38
1997~1999
16
100%
21~52%
2%
100%
11~22%
5% 100%
1~26%

176



Table 4. Effects of previous crops on the yield of next crops

(%) (%)
1. 101 91 118 9. 147 100 121
2. 105 83 109 10. 152 95 122
3. 121 97 111 11. 100 80 95
4. 107 91 107 12. 98 74 109
5. 123 78 116 13. 128 88 117
6. 100 87 103 14. 103 81 109
7. 113 79 121 15. 104 81 107
8. 106 86 100 16. 149 99 112

( 2001)
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*

Table 5. Effects of previous leaf vegetable crops on the growth of next crops

0 0 0
0 X X
0 0
0 X 0
0 X
0 X
0 0 0
* 0:
( 1998)
« )
C/N ratio
cellulose lignin
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18 30 1 144
373 1

nitrogen
immobilization

1975
1976
Table 6. C:N ratio in biamass and air-weight in root system of legume
and cereal crops

Ct N% C/N
( )
43.1 2.3 18 7110
( ) 45.3 2.6 17
( ) 44.0 1.5 29 940
47.4 0.3 144 1550
44.7 0.1 373 910
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(growth-promoting substances)

11
4~30% 15%
7~35% 18
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