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Note: Bar indicates Standard Error.

Elongation of second leaf blade in 24 hours in Echinochloa species and Scirpus juncoides var. ohwianus
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ohwianus under different temperature conditions
Note: Bar indicates Standard Error.
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Table 1 Transformation of air temperature for every 0.1°C between 12.0°C and 36.0°C into efficient unit of air
temperature for leaf emergence (&) in Echinochloa species and Scirpus juncoides var. ohwianus

1) Echinochloa oryzicola

T 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
12 0.0029 0.0030 0.0030 0.0031 0.0032 0.0032 0.0033 0.0033 0.0034 0.0034
13 0.0035 0.0035 0.0036 0.0037 0.0037 0.0038 0.0038 0.0039 0.0039 0.0040
14 0.0040 0.0041 0.0042 0.0042 0.0043 0.0043 0.0044 0.0044 0.0045 0.0045
15 0.0046 0.0046 0.0047 0.0048 0.0048 0.0048 0.0049 0.0049 0.0050 0.0050
16 0.0050 0.0051 0.0052 0.0052 0.0053 0.0053 0.0053 0.0054 0.0054 0.0055
17 0.0055 0.0056 0.0057 0.0057 0.0058 0.0058 0.0059 0.0060 0.0061 0.0062
18 0.0063 0.0064 0.0065 0.0066 0.0067 0.0068 0.0069 0.0070 0.0071 0.0073
19 0.0074 0.0075 0.0077 0.0078 0.0079 0.0080 0.0082 0.0083 0.0085 0.0086
20 0.0088 0.0089 0.0090 0.0092 0.0093 0.0094 0.0095 0.0097 0.0098 0.0099
21 0.0100 0.0101 0.0102 0.6103 0.0104 0.0105 0.0105 0.01066 0.0107 0.0108
22 0.0108 0.0109 0.0110 0.0110 0.0111 0.0112 0.0113 0.0113 0.0114 0.0115
23 0.0115 0.0116 0.0117 0.0118 0.0119 0.0120 0.0120 0.0121 0.0123 0.0124
24 0.0125 0.0126 0.0128 0.0129 0.0130 0.0132 0.0133 0.0135 0.0137 0.0138
25 0.0140 0.0142 0.0144 0.0145 0.0147 0.0149 0.0151 0.0154 0.0155 0.0156
26 0.0158 0.0160 0.0160 0.0162 0.0165 0.0167 0.0168 0.0170 0.0172 0.0173
27 0.0175 0.0176 0.0178 0.0180 0.0181 0.0183 0.0184 0.0185 0.0187 0.0188
28 0.0190 0.0191 0.0193 0.0194 0.0196 0.0197 0.0199 0.0200 0.0202 0.0203
29 0.0204 0.0205 0.0207 0.0208 0.0210 0.0211 0.0212 0.0213 0.0215 0.0215
30 0.0217 0.0218 0.0219 0.0220 0.0221 0.0222 0.0223 0.0224 0.0225 0.0226
31 0.0227 0.0228 0.0228 0.0229 0.0230 0.0231 0.0232 0.0232 0.0233 0.0234
32 0.0235 0.0235 0.0236 0.0237 0.0238 0.0238 0.0239 0.0240 0.0240 0.0241
33 0.0242 0.0242 0.0243 0.0244 0.0245 0.0245 0.0246 0.0246 0.0247 0.0248
34 0.0248 0.0248 0.0249 0.0250 0.0250 0.0251 0.0251 0.0252 0.0252 0.0253
35 0.0253 0.0254 0.0255 0.0255 0.0255 0.0256 0.0256 0.0257 0.0257 0.0258
36 0.0258

2) Echinochloa crus-galli var. crus-galli

T 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
12 0.0021 0.0021 0.0022 0.0022 0.0023 0.0023 0.0024 0.0024 0.0025 0.0025
13 0.0026 0.0027 0.0028 0.0028 0.0029 0.0029 0.0030 0.0031 0.0032 0.0033
14 0.0033 0.0034 0.0035 0.0035 0.0036 0.0037 0.0038 0.0039 0.0040 0.0041
15 0.0042 0.0043 0.0043 0.0044 0.0045 0.0046 0.0048 0.0048 0.0050 0.0051
16 0.0052 0.0053 0.0054 0.0055 0.0057 0.0058 0.0059 0.0060 0.0061 0.0063
17 0.0064 0.0065 0.0066 0.0067 0.0068 0.0070 0.0071 0.0072 0.0073 0.0074
18 0.0075 0.0076 0.0077 0.0078 0.0079 0.0080 0.0081 0.0082 0.0083 0.0084
19 0.0085 0.0085 0.0087 0.0088 0.0088 0.0089 0.0090 0.0091 0.0092 0.0093
20 0.0094 0.0095 0.0096 0.0097 0.0098 0.0099 0.0100 0.0101 0.0102 0.0103
21 0.0104 0.0105 0.0107 0.0108 0.0109 0.0110 0.0112 0.0113 0.0114 0.0115
22 0.0117 0.0118 0.0120 0.0121 0.0123 0.0124 0.0125 0.0127 0.0128 0.0130
23 0.0131 0.0132 0.0133 0.0135 0.0136 0.0137 0.0138 0.0139 0.0140 0.0141
24 0.0142 0.0142 0.0143 0.0143 0.0144 0.0145 0.0145 0.0145 0.0146 0.0146
25 0.0146 0.0146 0.0147 0.0147 0.0147 0.0147 0.0147 0.0147 0.0148 0.0148
26 0.0148 0.0148 0.0143 0.0148 0.0148 0.0148 0.0149 0.0149 0.0149 0.0150
27 0.0150 0.0150 0.0151 0.0151 0.0152 0.0152 0.0153 0.0153 0.0153 0.0154
28 0.0154 0.0155 0.0155 0.0156 0.0156 0.0157 0.0158 0.0158 0.0158 0.0159
29 0.0160 0.0160 0.0161 0.0162 0.0162 0.0163 0.0164 0.0164 0.0165 0.0166
30 0.0167 0.0168 0.0168 0.0169 0.0170 0.0171 0.0173 0.0174 0.0175 0.0176
31 0.0178 0.0179 0.0180 0.0181 0.0183 0.0184 0.0185 0.0186 0.0188 0.0189
32 0.0190 0.0191 0.0192 0.0193 0.0195 0.0195 0.0197 0.0198 0.0198 0.0199
33 0.0200 0.0201 0.0202 0.0202 0.0203 0.0203 0.0204 0.0204 0.0205 0.0205
34 0.0205 0.0206 0.0206 0.0207 0.0208 0.0208 0.0208 0.0208 0.0209 0.0209
35 0.0210 0.0210 0.0210 0.0210 0.0210 0.0211 0.0211 0.0212 0.0212 0.0212
36 0.0212




Table 1 Continued.
3) Echinochloa crus-galli var. formosensis

4) Scirpus juncoides var.

Note: a) Efficiency for leaf emergence =

b) &=

BRI 2 A 2 BRK S O T S g

°c 0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09
12 0.0025 0.0026 0.0028 0.0029 0.0030 0.0031 0.0033 0.0033 0.0035 0.0035
13 0.0037 0.0038 0.0039 0.0040 0.0041 0.0042 0.0043 0.0043 0.0044 0.0045
14 0.0046 0.0047 0.0048 0.0049 0.0050 0.0050 0.0051 0.0052 0.0053 0.0053
15 0.0034 0.0055 0.0055 0.0056 0.0057 0.0057 0.0058 0.0058 0.0059 0.0059
16 0.0060 0.0060 0.0060 0.0061 0.0061 0.0062 0.0062 0.0063 0.0063 0.0063
17 0.0064 0.0064 0.0065 0.0065 0.0066 0.0067 0.0068 0.0068 0.0069 0.0070
18 0.0071 0.0072 0.0073 0.0074 0.0075 0.0077 0.0078 0.0079 0.0081 0.0082
19 0.0084 0.0085 0.0087 0.0088 0.0090 0.0092 0.0093 0.0095 0.0096 0.0098
20 0.0100 0.0101 0.0103 0.0104 0.0105 0.0107 0.0108 0.0109 0.0110 0.0111
21 0.0113 0.0113 0.0114 0.0113 0.0116 0.0116 0.0117 0.0118 0.0118 0.0119
22 0.0120 0.0120 0.0120 0.0121 0.0121 0.0122 0.0122 0.0123 0.0123 0.0123
23 0.0124 0.0124 0.0125 0.0125 0.0125 0.0126 0.0127 0.0127 0.0128 0.0128
24 0.0129 0.0130 0.0131 0.0132 0.0133 0.0133 0.0134 0.0135 0.0136 0.0137
25 0.0138 0.0139 0.0140 0.0141 0.0142 0.0143 0.0144 00145 0.0146 0.0147
26 0.0148 0.0153 0.0150 0.0151 0.01533 0.0153 0.0154 0.0155 0.0156 0.0157
27 0.0158 0.0159 0.0160 0.0161 0.0163 0.0163 0.0165 0.0165 0.0167 0.0168
28 0.0169 0.0170 0.017F 0.0172 0.0173 0.0174 0.0175 0.0176 0.0178 0.0178
29 0.0179 0.0180 0.0181 0.0182 0.0183 0.0184 0.0185 0.0185 0.0186 0.0187
30 0.0188 0.0188 0.0189 0.0189 0.0190 0.0190 0.0190 0.0191 0.0191 0.0192
31 0.0192 0.0193 0.0193 0.0193 0.0193 0.0193 0.0194 0.0194 0.0194 0.0194
32 0.0195 0.0195 0.0195 0.0195 0.0195 0.0195 0.0195 0.0195 0.0195 0.0196
33 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 00196
34 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 0.0196 00196 0.0196
35 0.0196 0.0196 0.0196 0.0196 0.0196 00196 0.0196 00196 0.0196 0.0196
36 0.0258
ohwianus

°C 0.0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 09
12 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032
13 0.0033 0.0033 0.0033 0.0033 0.0033 0.0033 0.0034 0.0034 0.0034 0.0035
14 0.0035 0.0035 0.0036 0.0036 0.0037 0.0037 0.0038 0.0038 0.0038 0.0039
15 0.0040 0.0040 0.0041 0.0041 0.0042 0.0043 0.0043 0.0044 0.0045 0.0046
16 0.0047 0.0048 0.0048 0.0049 0.0050 0.0051 0.0052 0.0053 0.0054 0.0055
17 0.0056 0.0057 0.0058 0.0058 0.0059 0.0060 0.0061 0.0062 0.0063 0.0064
18 0.0065 0.0065 0.0066 0.0067 0.0068 0.0069 0.0070 0.0070 0.0071 0.0072
19 0.0073 0.0074 0.0075 0.0076 0.0077 0.0078 0.0078 0.0079 0.0080 0.0080
20 0.0081 0.0082 0.0083 0.0083 0.0084 0.0085 0.0085 0.0086 0.0087 0.0087
21 0.0088 0.0088 0.0089 0.0089 0.0090 0.0090 0.0090 0.0090 0.0091 0.0091
22 0.0092 0.0092 0.0092 0.0092 0.0093 0.0093 0.0093 0.0093 0.0093 0.0093
23 0.0093 0.0093 0.0094 0.0094 0.0094 0.0094 0.0095 0.0095 0.0095 0.0095
24 0.0095 0.0095 0.0096 0.0096 0.0097 0.0097 0.0097 0.0097 0.0098 0.0098
25 0.0098 0.0098 0.0098 0.0098 0.0099 0.0099 0.0099 0.0100 0.0100 0.0100
26 0.0100 0.0101 0.0101 0.0102 0.0102 0.0103 0.0103 0.0103 0.0104 0.0104
27 0.0105 0.0105 0.0106 0.0107 0.0108 0.0108 0.0109 0.0110 0.0111 0.0112
28 0.0113 0.0114 0.0115 0.0115 0.0117 0.0118 0.0119 0.0120 0.0120 0.0121
29 0.0123 0.0123 0.0125 0.0125 0.0126 0.0127 0.0128 0.0129 0.0130 0.0131
30 0.0132 0.0133 0.0133 0.0134 0.0135 0.0135 0.0136 0.0137 0.0138 0.0139
31 0.0140 0.0140 0.0141 0.0142 0.0143 0.0143 0.0144 0.0145 0.0145 0.0146
32 0.0147 0.0147 0.0148 0.0148 0.0149 0.0150 0.0150 0.0151 0.0152 0.0152
33 0.0153 0.0153 0.0153 0.0154 0.0154 0.0135 0.0155 0.0155 0.0155 0.0155
34 0.0156 0.0156 0.0156 0.0157 0.0157 0.0157 0.0157 0.0157 0.0158 0.0158
35 0.0158 0.0158 0.0158 0.0158 0.0159 0.0139 0.0159 0.0159 0.0159 0.0160
36 0.0159

Length of 2nd leaf blade that emerged in 24hrs

Whole length of fully developed 2nd leaf blade

(shown in Fig.1 nad 2)

Spline Interpolation "Efficiency for leaf emergence" for 0.1°C

24 (hrs)



10 JUMPPRBERZERTIE © v ¥ —H S B 44 5 (2004)

Table 2 Accumulated efficient air temperature with fluctuations among individuals and puddling times in
seedlings that emerged in pots under diurnal variation of air temperature at Chikugo Fukuoka in 1990 for

Echinochloa species and Scirpus juncoides var.ohwianus

1) Echinochloa oryzicola

Emergence - 1.5 leaf-stage

Date of No. of P Zday 2T 2(T-10)
puddling plants Mean+S E. CV.(%) Mean+S.E. C.V.(%) Mean+S E. CV.(%) Mecan+S E. CV.(%)
A Apr. 25 8 0.924+0.054 17 6.3+0.3 13 105.34£5.1 14 42.8+2.4 16
B May 11 7 1.136+0.042 10 6.0+0.2 9 116.6+4.1 9 56.6+2.1 10
C May 31 5 1.272+0.132 23 5.4+0.5 19 112.1+x10.4 21 58.1+£5.8 22
D June 18 3 1.302+0.022 3 3.0+£0 0 83.6+0.5 1 53.6+0.5 2
E June 30 3 1.410+0.199 24 4.3+0.3 11 115.9+8 4 13 72.6+5.8 14
F July 21 4 1.701+0.102 12 3.6£0.2 12 107.1+6.7 13 71.1x4.6 13
G Aug. 08 2 1333 3.5 1028 678
Toal 2 124180058 27 s1=02 27 108.543.1 16 57.5+2.4 24
Among Dates 7 1.297+0.0837 17 4.6£0.5 26 106.2+3.9 10 60.4+3.8 16
1.5 - 2.0 leaf-stage
3 e % day =T X (T-10)
Mean+S E. C.V.(%) Mean+S E. C.V.(%) MeansS .E. C.V.(%) Mean+S E. C.V.(%)
0.395+0.029 21 2.1£0.2 28 36.6+3.7 29 17.9+1.6 26
0.395+0.037 25 2.4+0.2 27 39.944 .1 27 19.242.0 28
0.354+0.034 23 1.4+0.2 35 30.1+4 4 32 159+23 32
0.427+0.010 4 1.0+0 0 27.9+0.3 2 179403 3
0.394+0.022 10 1.0+0 0 28.1+0.1 1 18.4+0.3 3
0.489+0.005 2 1.0+0 0 30.14+0.2 1 20.1+£0.2 1
0471 1.0 294 94
TToaorso01s 20T 1601 a2 35e17 28183207 23
0.417+0.017 11 1.4+0.2 34 31.7£1.6 14 18.4+0.5 7
2) Echinochloa crus-galli var. crus-galli
Emergence - 1.5 leaf-stage
Date of No. of P 2 day XT 2 (T-10)
puddling plants MeantS E. C.V.(%) MeantS.E. C.V.(%) Mean+S E. C.V.(%) Mean+S E. C.V.(%)
A Apr. 25 5 0.9310.032 7 6.4+0.2 8 105.3+3.6 7 42.6+2.0 11
B May 11 9 1.182+0.073 19 59403 17 114.246.6 17 53.44£3.3 18
C May 31 5 1.065+0.117 25 4.6+£0.5 22 94.249.5 23 48.24+5.0 23
D June 18 4 1.403+0.079 11 3,004 24 104.3+6.0 12 66.8+£3.9 12
E June 30 3 1.295+0.188 25 3.7£0.5 26 95.5+14.1 26 58.9+8.7 26
F July 21 3 1.336+0.109 14 3.3+0.3 14 99.2+8.4 15 65.8+5.7 15
GAug. 08 3 1.565+0.007 1 4.0+0 0 117.6+0.2 0 77.6+0.2 1
Total 32 1213£0.040 23 48+03 31 1056533 ] 18 Us7ias 14
Among Dates 7 1.254+£0.075 16 4.4+0.5 27 104.3+15 8 593442 19
1.5 - 2.0 leaf-stage
PO X day ET 2 (T-10)
Mean+S.E. CV.(%) MeantSE. CV.(%)  Mean+SE. CV.(%)  MeantSE. CV.(%)
0.449+0.053 26 2.6+0.4 31 471462 30 19.3£2.1 24
0.457+0.043 28 2.2+0.3 35 432448 33 21.0£2.1 31
0.401+0.057 32 1.6+0.2 31 34.9+4.9 31 16.142.3 32
0.551£0.091 33 1.5+0.3 33 415468 33 26.5443 32
0.372+0.001 0 1.0£0 0 27.8+0.4 2 17.8+0.4 4
0.411+0.005 2 1.0£0 0 30.1+0.2 20.1£0.2 2
0384i0021 9 1.0+£0 0 29.4+0.1 0 19.440.1 0
044060023 20 ) 18+01 471 38323 35 200<l1 30
0.432+0.021 13 1.6+0.2 38 36.3£2.7 19 19.4+1.1 15
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Table 2 Continued.
3) Echinochloa crus-galli var. formosensis
Emergence - 1.5 leaf-stage
Date of No. of X X day 2T Z(T-10)
puddling plants Mean+S .E. C.V.(%) Mean+tS.E. C.V.(%) Mean+S.E. C.V.(%) Mean+S.E. C.V.(%)
A Apr. 25 7 1.064+0.053 13 6.1+£0.2 10 105.0+4.1 10 42.1+£2.7 17
B May 11 8 1.194+0.038 9 5.8+0.2 8 112.0£3.0 7 54.5+1.5 8
C May 31 5 1.206+0.108 20 4.8+0.4 20 100.1£9.2 21 49.8+4.1 19
D June 18 4 1.180+0.011 2 3.0£0 0 83.9+0.3 1 53.9+0.3 1
E June 30 4 1.181+0.064 11 3.3+0.2 13 85.3+52 12 52.8+3.1 12
F July 21 4 1.248+0.003 0 3.0+0 0 89.3+0.3 1 59.3+0.3 1
G Aug. 08 3 1.32620.112 15 3.320.3 14 98.0482 14 647s54 15
Total 33 118440027 13 4602 31 088126 15 525515 17
Among Dates 7 1.200+0.028 6 4.2+0.5 30 96.2+3.7 10 53.9£2.6 12
1.5 - 2.0 leaf-stage
Y 2 day =T %(T-10)
Mean+S.E. C.V.(%) Mean=£S E. C.V.(%) Mean<S E. C.V.(%) Mecan=S E. CV.(%)
0.606+£0.065 29 2.7+0.4 38 53.0+6.4 32 255+2.7 28
0.465+0.047 29 2.3+0.2 29 43.244.6 30 20.7+2.3 31
0.581+0.089 34 2.2+£0.3 34 47.9+7.2 33 28.2+4.0 31
0.580+0.101 35 1.3+0.2 34 41.4£7.0 34 26.4+45 34
0.489+0.082 34 1.3+0.2 34 347459 34 222438 34
0.419+£0.007 3 1.0+£0 0 30.2+0.2 1 20.2+0.2 2
0.547+0.111 35 1.3£0.3 35 39.2480 35259i53 ____________ 35 _____
7052860030 33 ] 1o+03 a9 428826 36 23.9+13 33
0.527+0.024 12 1.7+£0.2 36 41.3+£2.7 17 24.1£1.1 12
4) Scirpus juncoides var. ohwianus
Emergence - 1.0 leaf-stage
Date of No. of P Yday =T % (T-10)
puddling plants Mean+S.E. C.V.(%) Mean+S.E. C.V.(%) Mean+S.E. C.V.(%) MeantS E. C.V.(%)
A Apr. 25 5 0.521+0.024 10 4.2+0.2 10 68.3+2.7 9 26.3%1.0 9
B May 11 5 0.521+0.030 13 3.2+£0.2 13 61.7+3.5 13 34.8£3.5 23
C May 31 4 0.436+0.048 22 2.5+£0.3 20 50.3£5.1 20 25.3+£2.6 21
D June 18 3 0.539+£0.010 3 2.0£0 0 55.5+0.3 1 35503 1
E June 30 6 0.613+£0.051 20 2.3+£0.2 20 62.6£5.1 20 392432 20
F July 21 2 0.441 1.5 44.6 29.4
G Aug. 08 2 0.724 2.5 735 485
Total 7 054380024 23 2702 33 603124 21 335518 28
Among Dates 7 0.542+0.035 17 2.6+0.3 31 59.5%3.5 16 34,1428 22
1.0 - 2.0 leaf-stage
Ze Zday T % (T-10)
Mean=S E. C.V.(%) Mean+S E. CV.(%) MeantS E. C.V.(%) MeantS E. C.V.(%)
0.721£0.043 13 4.2+03 18 80.7£5.4 13 38.7£2.3 13
0.700+0.027 9 4.4+02 11 848439 10 39.0+£3.0 17
0.998+0.043 9 4.8+£02 9 105.3+4.5 8 57.842.3 8
0.732+0.068 16 2.7+0.3 18 74.6+7.4 17 47.9+4.7 17
0.841+0.086 25 3.0+0.3 27 84.8+8.7 25 53.8+£5.6 25
0.887 3.0 90.1 60.1
0.587 2.0 60.1 41
TT0788£0032 21 36%02 29 845433 20T 477522 24
0.780+0.048 16 3.4+0.4 28 82.9+4.9 16 48.2+3.2 18

Note: > ¢ : accumulated efficient air temperature,

daily mean air temperature for X day,
> day.

>, day: days needed for leaf emergence,

2. T: accumulation of

> (T-10) : accumulation of daily mean air temperature minus 10°C for
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Table 3 Accumulated efficient air temperature and other accumulated temperatures for leaf emergence of
Echinochloa crus-galli var. formosensis in paddy fields at Chikugo Fukuoka in 1991

Puddling-1.5 leaf stage

Date of puddling

e Y day™ 2T 2(T-10)"
A Apr. 22 1561 13 203.8 73.8
B May 13 1.742 10 189.9 89.9
C June 04 1.802 6 140.1 80.1
D June 18 1.743 6 136.2 76.2
Mean+S.E. 1.712+0.045 8.8+1.5 167.5£14.9 80.0+3.1
C.V.(%) 5 34 18 8
1.5-2.0 leaf stage
0.557 3 50.5 205
0.616 1 24.4 14.4
0.315 1 23.9 13.9
0.648 2 4738 27.8
0.534:+0.065 1.840.4 36.7+6.3 19.242.8
24 47 34 29

Note: *: see Table 2.

BIASBERERE CH 50, KEMHED H A% KR E
DZFNIZEEC THEE T HFIEIVEMTH D Z &K
HTOKEDHEMBDAFENESH T\, EDH
HCHYCILHEAIREETH - 72,

ARWFFETIE 1 IR Sl E 2 F VO CSE Y 7o in A
HohEERIRFIEOM BT AT, 1 R ZIRED
BEMEIZ T TCICA X T OERERDIFEIZH NS
= (bl 1966) 2%, X (T- o) OFERREES
& FEORMESZH L TNWDlzd, ZZTlEy A
XTI, AXET, bAYAXETELPAXKRY
WAIZDWT 1 ReEl SR AT U 7= B R~ o
g (e) #EBICESWTED, —EDHE
WMEROMZ ¢ THEELMENABERESER (2
) 32 (T-a) OFHBEALRRELID bEN—
EMEZRL, EFHANREEE DS 52 %R
A, FBERHABEOZEERB O T THA L EZDRE
NS otz ZOZ E1E, EROBEENN1H 1[0
Tho-Z EXRERMEERIRCHFTLI-Z &kl
BRLTWAHEEZBNDZ E0H, FEHBMTO
85 5 e B E LA L I NAUE, Y e IZ XD HEE
BEZXLICM ETHEEZBND,

KWFFETIE, 972 )VEY P THFELBEEDE
iz BEAE L2, ¥4, /A XPTHEX
CA XK NVAZONWTEIRNEANSHIFEHET
D e HEOBEMERG Lo -T2 —fIZ, X
H2»6HZFH E TR SEAEER DB
HEMAZ RIEREMELIDKE LS ETHT S, LirL

HARREELET 7 FNVKRYy hTOEAY A XEZTOD
Y eEREMEEDRENS, R0 HNrOHFHET
%Y e TH0500 EHETE Iz, thOFEIZO>NWTH
FREDMEEMEZ A LT D2 & TRHTRETH 5,

1 R RIREIL T £ & 2 ffH & L TCEHICAFT
EHZEND, RFRIIEHE KRGS T TORE
BT & A XK IV A OEERAERE O TP E) O T
ZERIEEZ BN,

2. ERMADHIE - THEZHERHKIZICH TS
EXAXEIDOREEREDER & AKBIKRERNIE
RFEA D HETEFEIZ DIERK

JKFR D FHE AR EE TLEAK E T oz B D)
REMEEFIHNI R I R T 5D, T, EROAEAT
MEIZH RREAPERLINSDHD, HEW
IV EZEAR R MENL O _EClE 2 DA 8 1 O T30 53 06 B
IZie>Tnd, 2oz, FIRIITRIECEEX N
T % 5z HE RS TR —[ 3540 T CREE O F i
IZRDHEERAEMDENE, b XA XY T (Echino-
chloa crus-galli P.Beauv. var. praticola Ohwi) 12 %
HLUTHAN, ZnicESW Cizmk o A KT 0%
AR R R OO AR D IR R & (ER L 72,

1) MEtes X0k

DR FRECE T FARET K T 2 A& 0, 124
falAsa & U7 78a DY (JERMEE L) €, 1994
fEE 95 fFIT 40a ZAHHEEIX, 38a ZHHEEX & L Tz
HIERREE 217 - 7o KfiaddE [FXeh )] =M
W, Table 4 IZRIMEERARE L,
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Table 4 Weed control practices for direct sowing rice cultivation under dry condition at Shintone, Ibaraki

Cultivation

Application time of herbicides (contents, formulation, rate per ha by formulation product and application date)

Year Tillage

style Before plowing

Pre-emergence

Post emergence After irrigated

Cyhalofop-
buthyl+Bentazon(3+20% ME

Tilled March) liquid, 10 /, 30 May)
----------------------------- . " L T
1994 Glyphosate(d1% liquid. 5 /. 27 Thiobencarb+Prometryn(30 Pyrazolate+Butachlor(6+2.5%
No-tillage yp o liquid, 5 7, 5% emulsifiable concentrate, Thiobencarb(50% emulsifiable sranule, 30k, 10 June)
_ Apr.) 81,10 May) concentrate) tDCPA(35%
Conventional .
"""""""""""""""" emulsifiable concentrate) (
Tilled 10 /+8 7, 30 May)
Notillage Glyphosate(41% liquid, 5 7, 10 Cyhalofop-
Improved ---------- g ................. Apr) .. buthyl+Bentazon(3+20% ME
Tilled liquid, 10 7, 18 May)
................................................... o fetm e m e s eemm e d e aeme e eaemeen e neemeemaaaanaasaseenan Bensulfuron-
1995 No-tillage C1YPhosate(41% liquid, 57,710 Thiobencarb(50% emulsifiable o o1+Dimepiperate(0.25+
----------------------------- APL) e Thiobencarb+Prometryn(50+ concentrate)+DCPA(35% 10% guranule, 30kg, 01 June)
Conventional 5% emulsifiable concentrate, emulsifiable concentrate) (
Tilled - 817,19 Apr) 10748/, 30 May)

(1) %z B AR DM FE D FE FHL R

1994 ££ 5 H 9 HIZKAm & 7 U 7= ISPk & BFtd iz
HIEREH IC, B HIC BB F 4 H—F
(S-4-chlorobenzyl diethylthiocarbamate : 50%) * 7
o A 1) v (2,4-bis (isopropylamino)-6-methylthio-
1,3,5-triazine : 5%) FL#7% 855 T 800ml/10a ALF
U7zo 5z AR I D 22 SE AP B S AL BE BRI &
=B8R 20 HIRIZ, 50ecm D3 KT — haHANWT,
HEE D EAR 7 AR & BHEEX % 3 4 AT CIX Tz,
7o, MEOEFTERE DR KEZHNT,

(2) XA XEZDOREM

1995 4 4 A 18 HIZ KAl Z 1 FE L 7= Sk & Bl
FZHEREHIZE W, R E R ER A 2 B L 72
W TR 26 HIRIZ B A A X B % RFHRIK &t
FLDCAH AR A 76, 36 A% M Tl 2 & o TERIL
U7z &Mk FirfiR + 358 A a5 & 2 J8 AR R
ELUTCEHIIL, F72, EWMETRNT,

(3) HhHE IR K D ATKHT OB A A Ry 15
el

1995 4 4 A 18 HIZKFilZ #&AE U 7= ki & Bk
WHEFHIC Im A3 FT— b a& 1 ARTEREL,
FOHIZRETDHE AL X TOIERND I KH % %
REIVICERTo, 7o, FEMEH DA KREHTHICE T
%% D 1 RfEfiE % e IZFEA 8 2 CH A SR (2
g) TRz, ZZTiE 0.1CHADZIRMED A X
EroEmERNOEE RH 1999 Zb A A
XY TIZHER L7z,

RARDPARfEE LT, KEFTHICHEDLNT X4
Z M [#E - B 0D 1990-94 4E D SIRME D 1 FrEE
DA A, TS +3 ~-3C AT L=tz
TELTY e wBEH Uz, /2, [~ @ 1990-94
EDA4AES ADEHO 1REXVEHR L HE
BEMmE AZAEE 1 S0 AEHERESE (X )
el U7z,

2) fER

(1) %z H AR D HE F D FE AL

AHHEX TIE A XA /T v R, ZAhy ¥ TR,
FAXF, /I TARRERFEIRE T HEMEENEK
pe U7y, R E AT O X EEQLE R BRI O ALER C 5y
ZBBR E N Tze ATKHIT D ZHEALTR R FEH] D AL F RS
IZH- B8R 20 HIE T, EXAAXELT, AbIN,
NV T T XTIl O R E 4 A
BN, AHHEXCC 18 ffl, BHESIXC 12 FiFgA L7,
HHE X T I R THEE DR D %\ 2 &
Wz T, EXARXET, NVYT, AXHF7V%
ETREBN %L, Fio, LERE L ESLHEED AR
oM (Table5), £z, &2 CHEMLERE
B A OB I L D 5 722 & B,
ATKBITIZ EEEIREHNZ X BB ETH - 1=,

(2) BEXARETDIEM

&R 26 HIRICBWC, AKETOFEMETHS b
A4 XL, XTI 70mm ORI N6 S H
FLIZDIZR L, THHEX TIE4 20mm DINIZER S
NTW o7, Ei IR KR TTIEHEX T6 LI L, B
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EXTARETH -7 (Fig.3), Tbb, Tk
KDk A A XEZIIHRX TCOZFN XD ENLF)
HRAEL, ERIFHECHEICH - 12,

Table 5 Weed infestation in direct sown paddy field
under dry condition just before foliar treatment of
herbicide before irrigation

No-tillage Tilled
Species No. of Max. in No. of Max. in
plant/m  stage* plant/rmi  stage®

Echinochloa crus- 8.7 5.0L 53 4.2L
galli var. praticola
Digitaria ciliaris 8.7 4.0L 13.3 3.5L
Cyperus iria 4.0 3.0L 0.7 2.0L
Eclipta alba 113 3em 15.3 2P
Centipeda minima 6.0 3cm
Senecio vulgaris 0.7 2L
Lindernia procumben. 1.3 2P
Trifolium repens 0.7 Sem
Acalypha australis 8.0 1P 19.3 1P
Rorippa indica 10.0 4L 0.7 5L
Rorippa islandica 13 Sem
Portulaca oleracea 2.7 3P 10.0 2p
Chenopodium album 1.3 35L 1.3 Cotyledon
Stellaria media 713 Scm
Stellaria alsine var. 27 2P
undulata
Amaranthus sp. 6.0 25L 1.3 IL
Persicaria vulgaris 18.0 55L 33 5.5L
Persicaria longiseta 13 6.0 2.5L
Persicaria hydropiper 1.3 3.5L

Note: *: L: leaf stage for seedling with alternate leave, P: leaf stage

for seedling with opposite leave, cm: plant height

(3) ARSI X B ATKHT R H | BoAR e 3
DYl

FEfEn HBICE TS A A X ZDORKER (Y)
EREREHL2S (h— 1) HoOAMHEESZR (2 ¢e:X)
ERRITEMREE N CcEI N (Fig. ), £22C
ZoEFRIZX - T, FEE L) H2rHE XA X
FPIdD 1 ~5FERRLEE TIZLE LY ¢ % FatD X
DR U7,

L 230 300 4 350 5 B

AHHES | 0446 1.119  1.791 2463  3.135
BhES | 1177 1973 2769 3.566  4.362

KHEFHIZHR DI NT A Y ZMETH S [# - B
DRIRMEDH X 12XV, 4 A 15 H2»5 5 HIE@IZ
RELBEA»OEE LY ¢ &, F4E (5 4ERM
DOFHfE) E20 1 KEREEZ +3 ~-3C O
THEEBIEILETTCRD, EidD XY ¢ THERIZH
HLUTFig. 5 IZ_R L7,

W7 B RS CRERE R IC LB X 7 3L E
FRIOEMEL, LK, BEN, WEsE D
wZTCERT S (P 1993), Z iz, EREE
o AN DWW C LI & | 7R % 35 (5 HRRES)
(10 AR, £ (15 AREE) ERME L& T
T, BAMEDHRLIERENBE A A XEZDRHF
DIBEDEDIET, EAAXETIZHL TRV F

% No-tillage
m Tilled
£ [ |
S
i = x
— n n
- n
]
i
0 | 1 ! L L |
0 10 20 30 40 50 60 70 80
Emergence depth (mm)

Fig. 3. Relationship between emergence depth and leaf stage in Echinochloa crus-galli var. praticola in direct
sown paddy field under dry condition at 26 days after sowing
Note: Emergence depth is calculated by (white part of seedling + mesocotyl).
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(=]

4 Tilled

~3
|

# No-tillage

(o)

Y=1.4875X+0.33

(%]

W

Maximum leaf stage
N

[\

Y ¢ form seeding date

Fig. 4.

Relationship between accumulated efficient air temperature (Xe) and maximum leaf stage of Echinochloa

crus-galli var. praticola in direct sown paddy fields under dry condition for no-tillage and tilled styles at

Shintone, Ibaraki in 1995

*H—7+ DCPA #AITD 2 ~3FEH, v /\okv
TTFIN+XVY ) VEFITO 4 ~ 5 L DAL
WE LT, KEHHETOINSBER O RELY O
HETEFRES A Table 6 D X D IZHRE L7z,

F7-, KD VIR A R OB T Z 7=
Y e OBEBEIZEFRZES 720, 1 HEHALE L
Y e IR 2 kG Ui, 7 A% A
MO, B OFEFOLFELKMGENTRDIZ1H
WrnonYe (Y) LT HPEHEE X0
EHKZ2 X2C #@WEKRE T D &,
Y=0.00211X:+ 0.00014X>—0.2154 (R?=0.932) [0l
A0MFHNe (Fig. 6). FRIZEKY, 1R U A
HEOLNLWEAETH HiRs « HIEKIREZ AW T
Y e DS IRBEHMTRE L 75 5 7o

3 EF %

7 E R RS TR ATKET O MM 2 F iR & U4
BE ATKEDKEHERZ R 2 IZHIHT D0 S
% (FRME 1995, 1997, EA :1993), {EFEETRT &
PRIIRERERE IS B, o b BRI A FHI B o 72
DOVEEZATORWAHHE T HERE TlE, BHEwH
ERIZERNTA X BMRETHH Y 4 X ETDORER
IG5 (FH - B4 - 1978) 7=b, A +RHEE
ThH¥4 e TIEFRIFEHECOTEERMR TH S,

KHE OSBRI BT, MO+ 4

DEEZR NI LZEXEETHD (EH:2001),
MEDO LR TOREEER, BBV TEDHES
FCOMEMMFEMAZBRONG ET X0 DIRE
Lird, BEXA XTI, BKELIEEAKD 05 ~
2cm O EFTIEFEFERMEL, BSHBFKED 60% T
& 6ecm OEHFH BIFICHIFEL (hkd « 4 1 1978),
F 7z, AT 10em O L0 6 O HZEI R I
Tnad (Ebk el 1979, ABFRIZENT, #hkd
WHERRE TOE A4 XL TOREFEEIIND
DOWMEDHEHFNICH D Z EHMHERL, 61, Tk
LTI B SR 12 R C R A VRS D3R D T <
IeHZ Ew FII U, MHHEERREE ClE, RO E
JEIZAAT 2B DOEE 2 F 2 KT X, ROE
25 HEGRE HEFE X e\ I & VSRR E o F
MERRDHN, KEFERIZIZ oTREMEZ BAMIZR L7
bDEWZ D, Tk, HHERKLETOHERE -
MEEDHIFRES) & OBROEEME SRR I N T\
2, PRI RE I CW W GER 1 1977) 729,
SO ES 5,

iz B E RS ClIRER o MREOIIE CO4 R
DAEATHEE, FICB A e T2 R0 H D BEH D
FHMOEEN T, IF 5 oA L TICd
WRERT Na Ry 7T FIVHIOEE AR D HEST
0, KRR HERRIC REER I N2 &C, Ak
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2 i Apr.15, No-tillage / / J / / ) Apr.15, Tilled
i IO
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o o [Aor 25 Noillage Yoy oed S | v 25, Tilld PO
] d /,,/' /
G 4 e 4
3 e .
g3 3 =
£
=2 2
g
=1 1
0 B 1RO O SO O W 0 UG D0 VU A0 DS TR U0 ORI N N S A 0 0 VA U5 T TR VO A IO I IO 6 N N 8 0 Lol
N8 =TS S 0Ly y B R X% =2 2539228298 8 R
HOH OB OB B P P B B B B P 2 O0H B R B B B P B B 2 P P
& a8 8 8 OB 2 & 8 & & ) & & & ) ) &3 & = 1) = 1) ) =
<« < 332223222222 < < 3 22 3 2233 =2 2 2 2 =

May 01, Tilled

Maximum leaf stage

6
]
én 5
e 4
R
3
:
2 2
3
2 1
O b L 0 L
3 8 = 2 = § 8 8§ & 2582225258858 85
8 B B B B B B B 2 TR R EREREEEREEREERER R R R R
s 2 2 2 =2 2 =2 =2 =2 22 2 32 2 2 2 2 2 2 2 2 2 2

Fig. 5. Changes in estimated leaf stages in Echinochloa crus-galli var. praticola with accumulated efficient air
temperature (X £) in average year (—), increase and decrease of 1 to 3 “C, for five different sowing times
in no-tillage and tilled direct sowing rice cultivation at Ohta-shinden, Shintone, Ibaraki
Note: Average year: 1990-1994 at Ryugasaki, Ibaraki.
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Table 6 Proper application time of thiobencarb+DCPA for 2-3 leaf stage and cyhalofop butyl+bentazon for 4-5
leaf stage estimated with accumulated efficient air temperature (X € ) in Echinochloa crus-galli var. praticola

in direct sowing rice cultivation under dry condition at Shintone, Ibaraki,

April

Thiobencarb+DCPA for no-tillage

Temperature

Application of pre-emergence herbicides

No application

Residual effect expected

ca.. 5 days

ca. 10 days

ca. 15 days

Average year Apr.27-May05 May01-May08

-3°C May10-May18
-2°C May07-May13
-1°C May(1-May(09
+1°C Apr.25-May(2
+2°C Apr.24-Apr.28
+3°C  Apr.23-Apr.26

May12-May19
May09-May14
May(06-May11
Apr.28-May05
Apr.27-May02
Apr.26-Apr.30

May(07-May12
Mayl4-May21
Mayl1-May17
May09-May13
May04-May09
May02-May07
May01-May05

Mayl1-Mayl15
May17-May23
May14-May20
May12-May17
May09-May13
May08-May11
May08-May10

Cyhalofop butyl+bentazon for no-tillage

Average year

May10-May15

May13-May17
May25-May31
May20-May25
Mayl16-May21
May10-Mayl6
May07-May10
May05-May08

May15-May19
May27-Junea

May22-May27
May19-May23
May13-May16
May10-May14
May(09-May12

May19-May23
May29-Junea

May25-May29
May22-May25
May17-May20
Mayl15-May19
May13-Mayl6

Thiobencarb+DCPA for tilled

Application of pre-emergence herbicides

-3C  May24-May30

-2C  Mayl9-May24

-1C  Mayl4-Mayl9

+1°C May07-Mayl1

+2°C  May04-May28

+3°C  Apr.30-May05
Temperature

No application

Residual effect expected

ca. 5 days

ca. 10 days

ca. 15 days

Average year

May05-May12

-3C  May20-May26
-2°C  Mayl5-May21
-1°C  Mayll-Mayl6
+1°C  May01-May09
+2°C  Apr.28-May06
+3C  Apr.26-May03

May09-May14
May21-May28
May16-May23
May13-May18
May(07-May11
May04-May09
May(01-May07

May13-Mayl17
May23-May29
May19-May24
May15-May21
May10-May14
May08-May12
May07-May10

Mayl6-May21
May25-June01
May22-May27
May19-May23
Mayi4-May19
Mayl13-Mayl6
Mayl1-Mayl5

Cyhalofop butyl+bentazon for tilled

Average year

May17-May22 Mayl13-May23 May22-May26

Junca-Junea

-3C  Juneo-Juneo  Juneo-Juneo

-2C  May26-June0l May28-Junea May30-Junea
-1C May22-May26 May23-May28 May25-May30
+1C May13-May18 Mayl6-May20 May19-May22
+2°C May10-May14 Mayl3-Mayl6 Mayl6-Mayl9
+3C

May(07-Mayll Mayl0-Mayl3 Mayl3-Mayl7

May25-May29
Juneo-Junea
Junea-Junea
May28-Juneo
May22-May26
May20-May23
May18-May21

Note: June ¢ indicates that the estimated time is in June.

in case of sowing date on 15th

B ComMRIC I E v TOAEBEREALTL AT
HZ OB IHEE 72 - 7= (B : 1995a, 1997),
B Al IE e IS I MR o/, RENEX
R U CGHEIBICUIE 5 2 E QB TH D, T
BHEFOZ B O A X ZOEREE %, (HF
B5I-100C) % AR E & U T L& T

W, FERER 100.7°C CTHERNIZ LT 1] #RBT 5,

HARREDSGH T TCIEERMEOE#HRLLN, 0D
JRIRE UTHA 2 ORERER 55 CHrpTRIE LT -
KOFAEDRTE SN TV D (A « B - 1995), A&

B2 CIE R T 0%z IR 12 35 1 2 ME R o0 78 A4
RSN, FEMRETHOHLEAAMIETIZONT
Ik O KIRME I X 2 ZERER O R b2 4T\, BRE
FE AR DI EE & FRR U 7o IR RN AT 20h A R S i
HWIESGEI, IFROERER T FHEICRT 2
ENTEIZH DD, RO HFE TOMRITIER
RMEME T 2GR SN Tze KFika
DHEREN BT 5 Z EIZ X > TEE DA LA
FFCX D0%, M S 6 ATRE RS EE O B W R
BEICOW TSR EICRG 28T 5,
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oo

fior & day

LN

ol

0o

Estimsaried T

[ I — -
".I‘I [FR1LS 0,1 njis nan 225
ik

<Akl

i fiE & R b2 A8 U 7= KU a0 5 #EE
L7z (FH :1999a),

1) MEles X0k

(1) /Ml XOFORE

WIS 4 R MO I A BT EXIR
DIEDHDE A4 XV T 1 RFIZHONTI
ik KOO REZ I L7z, @ 1991 4
L 924D 8 AIZHE R R4 /NG DK

e als ETERELEIEAPT UF, E4h

PEEWERR) . QKA THED a8 A ¥ 7L

Calculared e per diy with sir jempenriers #1 every | bour

MK EAIES (BIUM b R E0FE
vy — JKHEEWFFEES, fEka SRk T

Fig. 6. Estimation of approximate value of X ¢ for a day (Y) with

daily mean (X)) and daily range (X2) of air temperature

Note: Y=0.00211X,+0.00014X>—0.2154 R*=0.932

3. AMMAICREL AT X EID/NEEFDR
ESSLVRBTOBRBTFOXECEEHEEICLAEEER
RIREH R DHETE

b X ¥ (J+t Y x:Echinochloa colonum Link. )
BV « EVFICE W MR S L CEER I T
b TlEfY) (Howm eral. :1977, Mooby : 1988)
T, HARTIIEERE, MHlEIONERELEITE
BT A (A 1992, £4K:1973) DD, HAD
A4 b TIZiZEH SN TR (KFF:1992, KM :
1989, #¥f : 1981),

JUNHLTT DK TG, #Hi-liZRA Ll it
EOMEBEIZ 7 > TR (FRHEMh 1991, FFH -
[l :1992ab), Ik A ETHIMHT DKHIZEA
THAREEOEWEEOVEDERRINTE I,
b A ETOREFREARDOKBIMN T 1991 412, £
7o, BRI A RSB DREN T 1993 1T R
Nico 2 AL ZTOREREFTIIEALT CTHER SN
LHETIUMABTIIAGNTWRWL, EATEEL
JFH COANER I N T b A ¥ iE 60 DER
THEMADPBEBAEN-LDEEZBND, T A
EZDORE L COSFNICIEm A RE SN T s
M ototosh, MEEOREIIAHTH LY, T
o A TIZKOMEFEMEE LTS HISNT
Y (HoiMm efal. :1977, Moopy : 1988), HA®D
i C OS5 % OBMITERZIL D LERHDH, ZD
72, ab X ETOFER IS, WA XS
T DTGB X OCESEICHEDE, T T
DIk A ETOEENATRE Il s 2 2 5 FER DA

FR) DIRET 20C L FIZ b0 &
WEFELCER L, 19924 11 A I L
@ (LAY, EATNHERIREE SR,
@ 1993 4 8 F T & e R e 4= R R IR I oD [F) R e £
BERBRIGBATRE Lo X (LT, it
JEHT E & WEFR) o @IS <X D BEIE 2 v
¥ — R EERGIFE L Y ¥ —) KEMEERF7E
EZTCRIFLTCVWAY AEHEIT L AL T%Z, 1988 4FI
[+t >y —AFFEOKECREE, Lz 0 (UUF
5 A HPE L WERR) o ©NMNERAOKHBEAIZEET S
b A A X ¥ (Echinochloa crus-galli P. Beauv. var.
praticola Ohwi) 72> 5, 1988 4EIZERHR L 7=/ il & 1991
RICEIR L 7R,

(2) FEFDEFRIZRIT T WA LI D 2

1992 4 11 A S R SEEAERY; O 28 CHodd L 7c
EATEI L AL TOMF2RGZ L, EWNICEE L
72o 199346 A 1 HIZ, &+ — k2 L—7 s
U7-wzte e 1g &R U= 7 30mg IR0 D
% 85 X 12em DAY TF L UBIZ AN, ZhiZE
BZTHA AV KEMZDHZEIZXY 0, 10, 30,
50% D 5 B DO EKILDXAZ(EY, a5 E L1k,
5C T9 HMERFEL, ZDO®RICHENIE 21T - 70
HAEERE, -5°C C 1 H2%7- 0 35 & 6 R D JLE]
BFXU1 HEE 3 HE oM@ H oM A& L,
SUERIRS RS DASE 5°CIc ik L7z AU T2 8 HH I
70600 L, £ 10ml Ot 1 A+ > K%z
ZZEE9em D2 v — VICEKR L, 257 14 FfEIE A
DFIAEIR 2N T 156 HRE DR FRZ FH -,

1993 4E 3 H 15 HiZ, WA 4+ >7K 0.5ml Zmz <
FRE & FIERICHEN U /-fE 7% 5°C €3 HRERAFE L 72
%, 0,-2,-5C O3 EEOIEL 1, 3, 6KFHD 3
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BB oM B KO0 1, 2, 3, 4 Ao art A
BELT 0C Co—HMoHadxk 2laED5
TECAIE Uz PR Z AR T L7 ARG 5°C € 23 HIH
W L7 SHIOHICH % Ehrsiini LT,
£310ml Ot A A4 »IK&E M Z T2 EE 9em DY v — L
2B L, 1992 FFDEiAS A & FAR I CER# T
20 HEIO R F R NIz, o, RBFLadr -7
i - % it Wr L C TTC (2,3,5-triphenyl tetrazolium
chloride) 1%¥HIZIRIE L, 25°C C 3 KFHEE W /=%
IR DR DA % FHX Tz, RFFBRII VT 3K
Be Ui, sk, 30mg OREZFE T DL 18 ~ 25
DOFIFHTH - 7=,

(3) JUMHTTIZ I 1) 5 A AR KR H B
TRBIR 2 R < JUN 7 R D 58 A [ Hbdak S S 0
BAHE] IS T A iEs KO, Jul R K
R B & 2 B R ZEBI RS BB D & 5 11
ST X, 1988 N D 1992 EFTO 5 EMIZHOWN
T APBEED3I HETO, 0C LT HRIEA
HBOHBE A% 1°C XA TRz, S8,
fEbdlR 15, PEEIR 6, KRB : 15, AR @ 19,
K 14, BIFE - 19 35 X 0PIl & Pk B35 % 4
SHEWRE - 26 €, fMMSHIL 114 THDH, kb,
LR DRBED D - =856 THEDOMIEIX T/2b e
VAR

Ik A EZDOF413Bor D RA#E (Bor: 1960) IZHE -
720

2) & R

(1) /INEEEFEDIERE

Jb A TO/NMEOE XL, ELTETIE 2.6mm,
e L RETRE Tl 2.5mm T, KA THIRREE CIX
2.5mm ERRENAN T2 DD, WIND 2.4mm D
T AEPEX D RORKE D 57 (Table 7).

LB ONEIIEVWTCERINAETH S
1 UHORIE, L FEITE TIE 1.5 mm T/hEE
D 62%, EHAHFETIE 1.5mm T58 %z b, &b
IZ56% D% A EHED/NNEDORHEZIEFEL» -T2
(Fig. 7)o F7z, EAMETI/NIEECHDLHHE 1
WHEEORIZ, Bl s LR OME & WD HiE S
tEOFEWZE > TOEL L) 5Tz ERTRWL
7o SERVINEE D 50 RiElX, EATHET 73mg, B4
REBEET 7Ilmg THV, F1EUHEDOLEK LR
B BELHOENTELLE)r>T22Y Zhbid
5 A EHPED 51mg RHENE L X 4 X E LD 63mg
IVEMN STz (Table 7).

EHAHEORIL, EX#103mm T, 12 KO
Bzfib, & MOBBORI I 2lmm T A 1 X
PLDOZNLVEN -7 (Table 8), F7z, R
HTPE ClIFRE E BB RIEERTEL D/ NI 5728
DO, I FOFHEREIZF 19mm CTELHE & I1ZIEE
Lrolz, $7bb, ab AP TOMOEIZE £ A
XET XD ST,

2 7= 70 FEIZ W, BOME X 0 s
U CHRICHT 2 PO RO E IR & OBEfR
whDHE T EATEEELFERTETIE 3.2 XD K

Table 7 Size and weight of mature spikelets in Echinochloa colonum from Tamana and
Thailand, and E.crus-galli var. praticola from Chikugo

Length of Length of 50-.grain ‘
. . ) . first ) weight with
Species, location and date of collection spikelets(A) Ratio (B/A)
N glume(B) glumes
™ omy? (mg)”
E. colonum
Aug. 1991, Tamana 2.6 (0.14) 1.5 (0.13) 0.58 (0.05) 73.0 (2.1)
Nov. 1992, Tamana repropagated in 25 (020) 14 (0.17) 0.58 (0.06) 71.0 (1.6)
greenhouse at Chikugo
Aug. 1993, Sadowara 2.5 (0.18) 1.5 (0.15) 0.62 (0.07) -
Oct. 1988, Thailand repropagated in
paddy field at Yawara 24 (0.16) 1.4 (0.24) 0.56 (0.09) 514 (3.1)
E. crus-galli var. praticola
Aug. 1988, Chikugo 2.6 (0.26) 1.0 (0.13) 0.38 (0.03) 625 (2.7)

Note:a) Average and SD in parenthesis are based on 100 spikelets.

b) Average and SD in parenthesis are based on five replications.
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Fig. 7. of Echinochloa colonum from

Spikelets
Tamana, Kumamoto (above), Sadowara,
Miyazaki (middle) and Thailand repropagated
at Yawara, Ibaraki (down)

XL EHEE A A XELTIRIFEAE 3.2 XD/N
S olz (Fig.8), L -1T, FIRICHT AR T
R OIZ NN IZRA LI 3k A €& fEk
DAL XL TERDTHIME EDOIREEIZTE 5,

UM R R EERTTE 2 » & — iy

%445 (2004)

Table 8 Panicle length, number and length of rachis-

branches in Echinochloa colonum from Tamana and

Sadowara, and E.crus-galli var. praticola from
Chikugo
Panicle length Numberof  Length of
Species and location (mm) rachis- lower most
branches  branch (mm)
E. colonum
Tamana 102.5 (142) 11.7 (2.9) 209 (6.0)
Sadowara 76.6 (11.7) 9.0 (1.9) 18.6 (3.0)
E. crus-galli var. praticola
Chikugo 88.0 (159) 95 (33) 302 (6.9)

Note: Average and SD in parenthesis are based on 70 panic

Panicle length / length of lowermost rachis

Fig. 8.

10
9 @ E. colonum from Tamana *
8 EE. colonum from Sadowara . V'
7 AE. crus-galli from Chikugo Q:_’_ e
m®
6

branch

Panicle length (mm)

Variation in panicle length and ratio of panicle
length/length of lowermost rachis-branch in
Echinochloa colonum and E.crus-galli var. praticola

(2) FFDEFRIZRIT T WA LI D 2

B H PR T TCab A O 7%-5C T
FEMIE L7 & 25, 10% L F O KETId & DL
THRFRIIK 80% LA MK FET, 30%, 50%D
BOKHETIE 1 B OBASALEIRERE] & ALEE H B o3 hnic
DN THFRIZMETL, AKES0%D 1 H 6 KEfHEAL
HCIIHE I EAERIF L 57 (Table 9),

1 H MR K OV HBox &bz 3 B
FEDMRE OB DE &, 0C 0&TE-2C D1
H 1R CEEFORBFRIIKRE LT Lk
Moteny, 2C o 1 H 3REHMILES5C o 1 H 1
EIALHE Cld 4 HEERE T 5 & FEFRD 48% ~ 62%12
KT L, EHOZEE) S K L 7= (Table 10),-2°C @
1 H 6 FefELE% 3, 4 HiE#ikE T 5 &, FEFERIIN
60% 0> 5K 8% I KE KT L, -5C D 1 H 3L
X 6 HALEE ClI RFIITIETE 2 I HE I NIz 5
F LD > T2 < Do DAL X D F 1 7% #EWT L T
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Table 9 Germination percentage of seeds of Echinochloa
colonum from Tamana frozen at -5 ‘C under different

soil moisture raitos

1988 4E0 5 1992 4E F TS HEM D H N 4 H
PlEERBYEIZ, TOMATIEZae X L

Treatment at -5°C Soil moisture rate (%)

EETCERWENRE L, Jaz#HX7- 114 #

Hours/day  Days 50 30 10 0

DI B, T AL ZDOEBENRAREE HiE X

3 1

6 1 3.4 (3.0)
3 1.5 (2.6)
Untreated control

9.7 (8.9)

545 (47.2) 62.4 (44.3) 907 (8.1) 934 (2.8)
3 56.9 (49.3) 12.6 (10.0) 85.7 (12.4) 91.7 (10.4)
87.1 (7.3) 913 (10.8)
13.2 (5.9) 792 (7.6) 87.0 (4.4)
983 (2.9) 920 (7.6) 984 (2.8) 96.7 (2.8)

7= L, PR IEES, UM LR ER L,
BEAEDOII#ML S 32/ ETHY, o AP T
DWEERIZREL TS ELTT B X O L EIT %

Note: Percentage and SD in parenthesis are based on three

replications, at 15 days after exposure to 25C.

Table 10 Germination percentage of seeds of Echinochloa
colonum from Tamana after exposure to various

BGOSR EAEOHETIEae AT
BEETE D EHEEINL (Fig. 9-(@), EHIZ,
EHORKSIRS? 1C LA U &8 U TRk
ICHEET D&, EANTREEHEE L 32 80
DB THETIIae AV TIIESREE b &

freezing treatments in soil with 50 percent of moisture

e sz (Fig. 9-(b)),

3) & %

EAMES KO LFHETEE 2 & A /Nl

ratio
Hours/day  Days Temperature (C)
0 -2 -5
1 1 - 76.0 (82) 763 (4.6)
2 76.6 (6.2) 79.0 (10.8) 82.3 (13.3)
3 715 (17.1) 703 (11.7) 77.7 (6.8)
4 76.7 (8.4) 950 (8.7) 62.3 (26.3)
3 1 - 743 (12.6) 1.7 (2.9)
2 87.6 (42) 69.7 (17.5) 0 (0
3 69.0 (2.0) 623 (14.2) 0 (0
4 78.3 (18.8) 483 (45.5) 1.8 (3.1)
6 1 - 60.0 (18.1) 0 (0)
2 76.3 (10.6) 57.0 (49.4) 0 (0
3 82.0 (4.6) 87 (15.0) 0 (0)
4 89.3 (5.7) 83 (10.4) 0 (0
Untreated control ~ 94.7 (9.2)

DIAEIL, /IEEEDY 2 ~ 3mm T, B 1 UHEHEN
IEEDIRIF 12255534810
etk (Bor: 1960, Hsu: 1975, A 11973, #
B . 1981) I2—%k L7z, £/, ab XYM
REX, YyAMEHTO1RKEOHEMD 1.05mg
(Noba et al.:1984) <2 LLIK 7Pk OFd 1 EEA
THE SN =W ENHT ETHED 1,000 K
O 584mg (A : 1992a) LV XX&ED 5 1=,
FIUFHOHHEMTEDL o A 0B x
BET 5 ECOREE 752 E0NTE L,

Note: Percentage and SD in parenthesis are based on three

replications at 20 days after exposure to 25C.

TTC THAL UfER, WAL Z LT e fiie e
FEFICERTHROEBDHENZ & 2Bl L,
Tabb, E4AHEIEAETOMFIEE KL
50%DEEFIZEHENWT, 5C T 1 H 6 FE DT
FIETER L, X 5123 ~ 4 ARk 9 5 & 58423t
W HbDERDBNT,

(3) AW DR HBIBEE N SR T A ETD
TEAG ST HEH A D HEE

KA 3 b X ETf1H-5C O S CIEW
LizZ &6, ZRIC-5C U FoSiEstH T 5
Lab AP TEMEATERWEHEIND, RSHE
D 1EOADOHBLTIE, BEMOBSEEZ 5L,
T AV IR AVERICES TN LB aI b,
ZZTC, HAMSIIEN T 11 ArH6FED 3
HETCIIRERIENL-S5C U FE b HBzERD,

b A ETOREITIZNEDIEREDIF NI,
FEhONEN. T DA B (BB 198D, &
HHPER XOELFEITETS, 76 A ORI
A COHMER L e -7, B2, EATESX
O HJFHTRE Cldix T o E &R ORI, 3.2 2L
L&D OT, HoNEI B OB Z 5, v L —
7 DIkt A YT TREE6MMM &K AKEHEE
14.8mm OWEEHH Y (Ho and Iton:1991), Z D
tbd 4.3 &> T B RO ENOREZIEHAR
OMEE ZOFTIEE A I INT L AT LK
LU D B 1981 2, & FORMERERE
DHIINHEDOIVELVKBETH LS00, OB
DOHEE PR CTHICOBNDOE R IGEEE T2 5,

By o WAV VE O MR H A ORI O B 4=
A BT HTOIZIE, FEFRIILIATORE « #5E &,
ZINE DARIR S N COBIAR DAL DL ETd %,
EHHE, EHEITE I A s d 8 HIZIEF(E:
BELTEY, WS CIIBUEER o b X ¥ i3k
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(a)
Fig. 9.

5445 (2004)

)

Location where Echinochloa colonum from Tamana would be unable to become established, based on
the impossibility for seeds to overwinter in Kyushu

Note: 1) The location was considered to be unsuitable for establishment due to the impossibility for seeds to overwinter when

the total number of days with a daily minimum air temperature below -5°C throughout the period from November to

March during five years from 1988 to 1992 exeeded four, based on the results shown in Table 10.

2) @ mmon-establishment, O :survival, A: Tamana, Kumamoto, B: Sadowara, Miyazaki.

3) (@) :

temperature increase of 1°C.

LTRELTWS, BT -9 06 Z0HAICE
J5 a3k A zo& ik Hoicm< (Fig. 9-
ab), FIIXOMBIZHEFEL WD EEZ BND,
R R ORIR I 6 B K H M A B X
5 (Il :1966), 2k AT THS5C DAL
HCTORM 7O 30% L &K CHEn L 7=,
KMARIC IR O % W LN Cld, HisEi
HbHak A TORTIE50% BEDHESKED
REIZHDBEEZBND,50% DTS KHET, -5C
T 1 H 6 RBOMESUIEZ 177> &R FI3ITIETER
L2 &5 (Table9, 10), ZhzE4THEa L
A Y TfEF OIS EE LTz, BHREIZH S
MWEOMEIL, REICIIRREIVIETT 5 (R
1986) DT, ZOHEWIZBTHDEEZBND,
ST LT HRAESIE D 5 £ of B H Bz fE 1
DAL LT, WNOEHETOELTE I
A ETOEENTREEZHEE LR, itk IO
LB OB D 32 A THHA T b X ¥ TIZES
NHRETH D EEZ BNz, ZOFEIL, BT &
EAABE] IS OGATICRibiAEns &, o AT
NE BT EIERT HTREMEZ R L T b,

calculated based on daily minimum air temperature during 1988 to 1992, and (b) :

calculated based on

4, BREEIFIEAEIOERMEREEICRIZTE
ZDFHl

1950 FARIZ 26 fE AT - 7oA A I 21 Al o
FREHIZIZ 100 EAICET 2 & THIENTED, Th
D IR L & Z D REABRNOPENKEIN
TWW5b, HAMITTIE 100 FHICH EEFEE SR
HALLAR € 3 ~4C, #HALLIET4 ~5C EHT%
ETHMENTNAD G 1999, KidndD A5 7K H
DOMEFIZ BUFT B E UCld, By « i B0 e
DA DK, ENOBE OO 5 AR D AL,
B ROREEREDZEAIT K DR E I DA B 7z £ H
EZ N5, DREBHHHADRA L EENE &I
N2 #GT « B OmREME S U Cid, TRz
RBALILabXETLEZD D THD (FRH :1993),
AE XN SRR T OF R LY D 4T D2 H) T
DR 2BiBRE 2 RET 2 L THOHTH D, 22
T, MEMAEHREESETFE GRE 1999b) 12XV
Ik A TOERERBENDIREDOFEL ¥ A
XETEDOMEETHERE L GERH : 1999a),
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D MEE X0k

(1) 2k X ETOERERICNT L HEIR

REMTE vy — BlP R EERAE LY 7 —)
JK A MEEERFZE E FTEK C, 1990 4F1Z U R 23RS (B
JUMHRB R ZENTIE &~ & — K FERFZESS, & R 5
%) CTHEL/-YAEaL AT (c-1) FR25
k%, 250ml DEEIZA — ~ 7 L— 7 TR
U 727K 58 50g 127K 30ml % Nz 7= # Fl R 1 #5 f
L7 30C O EIEIR 2 CRIF X, £ 3em DK
TH2EOMEWIE TCER L&, 14 KHHET
12C 75 36C £ T 3CHADELAEIRZE TH 2 HED
24 B OMEEZKIREIC O X 6 ~ 20 ik, F
7215C 25 36°C € 125 flitkod, TLIZEMED 2
ExWlE L,

F7- FEHERICITAav AT (FAPE (c-1),
REARBRELTE (c-2), NTF 75 A (¢-3), ¥ L —
VTR (c4) BIXOZY T ME (¢c-5)) DE2ED
30C & 18C TofMiE%x kit & A Uk CHlE Lz,

(2) 2k XY T OIERMMERICLHE A R FEE KR

1/5,000a D7 7 F —A v MMZKMAHEEFRIEL,
F# 3em A — b7 L— 7 CEME AR U7z K+
g (PR Znz TR Uiz 1991 49 A
19H, 10 H1H, 24 HIZIKIRERBE Lok X

(c-1) E9ARETHTFEBEL, FoOEAKIREE
THEMMBEE XNz, 74 X TOEMAERDE)
€ (e) 1ZARM (1999b) DA% & Lz,

(3) fRBRMbIC X 2 EERAE R DO RAERE

JUN BB Y (RRRF & T) To 1988 ~ 92

30

25 _
20 /g/ }\P
15

10

12 15 18 21 24 27 30 33 36
Temperature  ("C)

. 10. Elongation of second leaf blade in
Echinochloa colonum in 24 hours under different air
temperature
Note: Bar indicates Standard Error.

Elongation of 2nd leaf blade in 24 hrs (mm}

=
i

23

FO5FEMO 4 ANS 6 ADOREMEN S XD 1K
HIfED P EZ B U COPFEEE Lz, 2 0 1IRFEHAE
DFAEEIZ 1, 2, 3, 4C %% L CREkIz X 5%
fin b2 A U,

2) # R

(1) 2k X ExoERERICHT L HEXIR
aJbAET (1) OF2FED 24 B oI
Fig. 10 IZ/RTXHTh -7, 15C 256 36C D 125
EATOHE 2 ELEIL 429 + 4.6 (BEHEFA) mm
Tho1z ([Fig. 1) ZEnH, Q4EBROMESR/SH
2HEDER) CHEREREEZ KD, Bl A X
RY VA TOYEE R 1999b) & [EKRIZ, RE &
HER R OBfR % Spline MR AREEIZ LY 0.1C I
LTHRD, FD1/24 % ab AL TD 1 FEM4-V D
EmEREMHTIEE Lz (e : Table 11), 30C &
18°C TOHE 2D 24 KO MERE £RITEMZ
RIZTHIb A THTRE < Rin - 7203, (24 K
DEE/FB2EDEE) CEmMEREE T KD S
&, [AfEIX 30C TD/8F 7 7 A FETROR/NI Wi,
PEHIIZ BB 72 X5 B > 7= (Table 12),
T AP TDEHFORI ISR LMAERTYRT D
DO, HMEDWE KL TIEERIELS D TIIWN
DEZEZ BN,

(2) 3k XETOERERICHELHEHEERIR
AWM CHIFERZRIZTLab ATy (X
E T OERMERIZONT, DS KIEL O FHI 8 I
FTCxecOBEREME (X e) TERUKL, X e EMRIE
HIOZEERBUL, HETELZHHD 90 ~ 60% R E

50
s ul A/./O—‘—Q—’\
2
kS
=
) 30
2
=
&
s 20
:E
g
=~ 10

0

15 18 21 24 27 30 33 36
Temperature (°C)

Fig. 11. Whole length of fully developed second leaf

blade in Echinochloa colonum under different air
temperature conditions
Note: Bar indicates Standard Error.
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Table 11 Transformation of air temperature for every 0.1°C between 12.0°C and 36.0°C into efficient unit of air
temperature for leaf emergence (&) in Echinochloa colonum

Table 12 Elongation in 24 hrs and whole length of
fully developed second leaf blade in Echinochloa
colonum from different

C

0 1

2 3

4 5 6 7 8 9

0.0017  0.0017
0.0023  0.0024
0.0030  0.0031
0.0038  0.0038
0.0045  0.0046
0.0053  0.0054
0.0063  0.0064
0.0075  0.0076
0.0089  0.0090
0.0100 0.0101
0.0107 0.0108
00112 0.0113
0.0117 0.0117
0.0121 0.0121
0.0124 0.0125
0.0129 0.0130
0.0135 0.0135
0.0142 0.0143
0.0154 0.0156
0.0177 0.0179
0.0204 0.0206
0.0221 0.0221
0.0219 0.0218
0.0208 0.0207
0.0196

0.0018 0.0019
0.0025  0.0025
0.0032  0.0032
0.0039  0.0040
0.0047  0.0048
0.0055 0.0056
0.0065  0.0066
0.0078  0.0079
0.0091  0.0092
0.0102  0.0103
0.0108 0.0109
0.0113 0.0113
0.0118 0.0118
0.0121 0.0122
0.0125 0.0125
0.0130  0.0131
0.0136  0.0137
0.0144 0.0145
0.0158 0.0160
0.0182 0.0185
0.0209 0.0210
0.0222 0.0222
0.0217 0.0216
0.0206  0.0204

0.0019 0.0020 0.0020 0.0021 0.0022 0.0023
0.0026 0.0027 0.0028 0.0028 0.0029 0.0030
0.0033 0.0030 0.0035 0.0035 0.0036 0.0037
0.0040 0.0041 0.0042 0.0043 0.0043 0.0044
0.0048 0.0049 0.0050 0.0050 0.0051 0.0053
0.0057 0.0058 0.0058 0.0060 0.0060 0.0062
0.0067 0.0068 0.0070 0.0071 0.0072 0.0074
0.0080 0.0082 0.0083 0.0085 0.008 0.0087
0.0094 0.0095 0.0096 0.0097 0.0098 0.0099
0.0103 00104 0.0105 0.0105 0.0106 0.0103
00109 00110 00110 0.0111 0.0111 0.0112
0.0114 00114 0.0115 00115 00116 00116
00118 0.0119 0.0119 00120 0.0120 0.0120
0.0122 0.0123 00123 0.0123 0.0123 0.0124
0.0126 0.0126 0.0127 00128 0.0128 0.0128
0.0132 0.0132 0.0133 00133 00134 0.0134
0.0138 0.0138 0.0139 0.0140 0.0140 00141
0.0146 0.0148 0.0149 0.0150 0.0151 00153
0.0162 0.0164 0.0166 0.0171 00171 0.0174
0.0188 0.0190 0.0193 0.0196 0.0199 0.0201
0.0213 0.0214 0.0216 00218 0.0219 0.0220
0.0222  0.0222 0.0221 00221 00220 0.0220
0.0215 0.0214 0.0213 00211 00210 0.0209
0.0203  0.0202 0.0200 0.0198 0.0198 0.0197

Note: a) Efficiency for leaf emergence =

b) €=

Length of 2nd leaf blade that emerged in 24hrs

Whole length of fully developed 2nd leaf blade

(shown in Fig.10 and 11).

Spline Interpolation "Efficiency for leaf emergence" for 0.1°C

24 (hrs)

locations under

temperature conditions at 30°C and 18C

IZAKF L7z (Table 13), ZZC, HIF~1ZEH (A),
1~ 15 B), 1.5~23EMH () OmEREL)
BESE (D) ZROIIITED,

Number

Lengthin  Whole  Increase in

akb AT :0.753 (A) 0.800 (B) 0.500 (C)

¥4 XL 0931 (A) 0.606 (B) 0.430 (C)

(3) MRBEIIC K 2 HER LR D (e AR
BTN COFIIBREE OB 243 % 4 H 20
H, @iz 24925 6 A 20 HB X7 D

D5 H 20 HOHRiT 8 REIZ H3F U 7o EAE L7 &RF T,

Location ofplants 24 hrs length  leafagein
measured  (mm) (mm) 24 hrs
30°C
Thailand 17 11.3+3.7 358482 0.31+0.04a
Tamana 29 19.1£3.7 59.6£82 0.32+0.05a
Malaysia 16 9.6+43 31.1%£10.0 0.31+0.13a
Paraguai 30 11.2+4.0 44.1£8.2 0.25+£0.07b
Egypt 8 17.946.2 54.9+12.2 0.3240.06a
18°C
Thailand 13 34+16 28.0+45 0.12+0.05a
Tamana 31 7.2+24 583%10.2 0.12+0.03a
Malaysia 20 35+1.5 287+£72 0.12£0.05a
Paraguai 33 58414 453196 0.13+£0.04a
Egypt 9 7.6£19 589+7.0 0.12+0.02a

IRBEALIZ X 2 O b X E ZOIERMEREE DL % ¥
A XELLEDHNETY e 12X > THEE L (Fig. 12),
4 A 20 HOoHHFEZEE Lzga, 4C o%dn bA7

Note: Figures show Mean = SD and same letter indicates

insignificant by Duncan's multiple test at 0.05.

ZXAEBEROIREIIYI A XL IVabL X
TAEL, 2EPNOFRIZFHEEICHRTa A 2
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TC 144 W§fH], % 4 X € T C 128 BifE15F & 5 & f{EE
SNz F72,1C O ERAICKAEIEME COMIBE O
DA ORI & B PEEE +1C & DBEITIRK
LT o T B IARET I Y95 6 20 HOHEF%
BELGE103, 4 Co%R EAORBIE4 A 20H
HIEOBA LTI AP IV Y A XELTK
I ot Tixbb, 2 HEMIZE S F TOHEDFAE
ENDDERMITI I AV T T332/, ¥4 XELT

Table 13 Accumulated efficient air temperature (X ) for leaf
development in Echinochloa colonum and E.oryzicola among

different sowing times

25

44 RRETC, SR A OFBII TR IC N TEL
SINESWEHEEEINT=e 72, 1C O&IR EATOH
YN COMMOBEMOREIL, ¥ 4 XL TIZ4A
20 HIEF OS54 L FRRIC, PAHEE +1C OBITHRK
Elxosl=zy, ab AT TIFHRE Uit 572, 5 1
20 HOMZFZIE L aicid, iR O feER
FEid 4 A 20 H, 6 20 HEZFOSEDHETH - 1o,

3) & %

HADKHMEE T —FMEIZ 22 D1E/
vriighahs¥te T /ETEY
A X ¥ . (Echinochloa oryzicola Vasing.),

A4 X ¥ x (E crus-galli Beauv. var. crus-

. No. of Ze Days : N ;
Specics and leaf stage plants _Mean CV(%) Mean C.V.(%) galli), © X% 4 XL (E. crus-galli Beauv.
E. colonum var. formosensis Ohwi) F XUk A 4 X E
Emergence-1.0 leaf stage 10 0.753 31 55 51 . . .
1.0-1.5 leaf stage 9 0800 24 12 3] T (E. crus-galli Beauv. var. praticola Ohwi)
1.5-2.0 leaf stage 5 0500 21 2.4 23 DOFELERED A BN D1 - T b, FAfE
L. oryzicola _ - .
Emergence-10 leafstage 27 0931 20 42 33 JARENCEDKE N BKE & 0D BREIZN S 5
1.0-1.5 leaf stage 27 0.606 35 33 62 SEIEVEIL - DA BRI TR e Y kT o
1.5-2.0 leaf stage 10 0.430 27 2.4 40 FEHENE Y A RETE LAY { R ETT
2 Be T LTC
Note: ¢ for E.oryzicola is shown in Table 1. KE< EALRCLTRAED, 20
- @ N N -
§ = ;1(5)8 /Echinochloa colonum —&— Average year E Ay AXE Iéiﬁ@ﬁ@%ﬂﬂﬁl«)\ﬁé_
28 50 e L BB RANA, ) 3 B A IE <
%gﬁor‘ ::zz FAT A (R - 1996b), X 5 IZIRIE/ R
u;) E T(S)g k4 ZNEST AR T 7OKHETIEHA e
§§1m DREFUZONTHD L, BIZIE, FR~ LV —
g8 50 VT ERPLE LERET YT TR, BROD
S STRTIT TSTETIT TalE| Hecs s
m 3 o Irs) o =} 10 = o 1) o Elﬁtm%tﬁ ﬁié,i@jt)(tlk%
Emerged on 20, Apr. Emerged on 20, May  |Emerged on 20, June FED ? fi (E stagn(i;:;;.Beauv.), E. picta
Michael) 23014 % % 1996), Z D
ggg _Echinochloa oryzicola EXAETIEA VNREE SN, RO
300 2> 5 HLBVH I 20 1 COKHRMIZ R84 L CFE
250 DK EVHEEE UCRIBIC o Tl 2

150

(HowMm et al. : 1977, Mooby : 1988), HA

100
50

TIIEERE, il X ONEE L &z

—

Emerged on 20, Apr. Emerged on 20, May

Emergence time and lcaf stage

Emerged on 20,

June

WTAEBLRWDT, ThETIIMEEL
THEHINR» -7 CKHF 1992, #FF -
1981), B LIZ HARDKHEIZR AT 58
LW E e T2 @A S, KHTO
BRERNICHEICREE RETEDEER

Fig. 12. Estimated changes in leaf development rate with

accumulated efficient air temperature (X¢) under supposed
warming in Echinochloa colonum and E.oryzicola for three

different emergence times

Note: Average year was given by temperature during 1988 to 1992 at

Chikugo, Fukuoka.

5N 5,

K CBREHANC X DB 0I5 & /x5 3
WEREEIZOWNWTC, abAPTEYAX
E TADImELOFENL, AFICEL) I 12

=
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C KDREIEExh 72 12°C LLEE b= %
W, HEHHEIR S T TR T S 5 B HTES T,
TERRE COLELVIEANICKRELS kb N
THEN/, T7xbb, 2 WL TOHA L TIZHL)
IR E A ST 5556, 4C OIRELIZ KD Z DAL
FEBEER 25, 7 b X B =TI FIIREE TD 6 Hh 6%l
B CO 13 H, ¥4 XETTIEAEKIZ53 HAH
18 HF E 25 Z &iT7n b, HEE S N7 Halimote 1 0D
RAETERFEFRI DL RN DAL EREX AL TH
D, A AETEY A XETTRIFMICK > TZD
RS0 B Z &1d, FERWAEI A LIS a s
R E I DB B D, 7ok, mBEIZHE S T,
A 2 DIFIRA 2 DA RHE I E MR O R4 EREIC
o < B E NI TENOZEEHTL50T, AEMICI
INBEFDODER) ERFERZ Y TMEI DD ETH
Ho o, TIZTRABOEEDAREY LT,
SR COIRE IR EDENE HLEREL T, MEDFE
AATBICH T SRR DOFEEZ X VIRWEHIZH
To o THRETT 208X B D,

b AT DB OFEL, HERKR
FHETTYARET IV KREL, miRASEE T T
YAXETXKD/NE 5ty 2D EIE, abAE
THEGT « BV O SIRGRMFIC Y A X E XD K<
HBIL LI ThHDZ Exmk LT A0Y, Gl
WTCIFE B ICHmEIaEd 5,

5. /\E

KHOEEMETCHLFEe Dy 4 XET

(Echinochloa oryzicola Vasing.), {4 X YT (E. crus-
galli P.Beauv. var. crus-galli),
crus-galli P.Beauv. var. formosensis Ohwi) 38X U7
Y ) THRMEE DA XK Y IVA (Scirpus juncoides
Roxb. var. ohwianus T.Koyama) (Z DWW\ CHERERE
DIFEE & 72 Z MEBE E SRR 7, 1 Kb 2 & DX
2 28 2 BED MR 7 SR L 7o BRI
ABEHEZTCHETHTFLEE LTHREL, ZOMEMHED
—EME TR Ulce 7o, PRI FIARET K H T H
H A OB T 1994 £ 5 97 SR T CTHEIEE
N7 KRRz HIERR R IC B W, wHR O FEE

1 FRHERTH B A {4 X ¥ LT (E. crus-galli P.Beauv.

var. praticola Ohwi) DFAELEREDBHEL, THHESE
TOENWEZHLNMI Ui, £z, MEAFHEAES
iz HWe A4 XEZORERIEEICHESNHT, A
KT O MIARIC e 2BREA X F A — T+

X4 XLz (E

DCPA #AI (40 + 20%) XLy /N\aky T TF)
+ Xy VA (34 20%) OALFEEIN A FE L
72

HIERBREL OB AL K 0 2UHF « BV, OB FE 3 5
DOPEEHMANDRA L EENERSIN S LT,
By -WAGT LTI LIIOMTHaL AT
(Echinochloa colonum Link.) 23 JUMNHLTG DREAIR &
HRRTRWEI N, 22°C, WMNIZRELIa
EAETOMORE R TEBEESMEUOE X A X
Pk FEMAWLHENEE DI EZPLNIT L,
F/o, b AL THEFORRE B2 6 THEUED
ESRENSC THEZ xR L, 114 S To
ZHIRNZ 1T 5 -5C @ H AR50 D B 5 5 L
M HC OB « B D TR Z BET L 7=,

E XN SRR T OFIRLEY OLEE DL E T
TN AR I HI I DR EICH N TH L Z Enb
INEMADEESE TERICLY 2 b X o oEmitE
BEENDIRELDFE Y ¥ 4 X T & DXL THE
E L7,

M. KEICRET M XBZFEEHETOEDFEI
SBARTEFREETERBNTRKATORERLDAE

LA, KHECHENMED A B F A MR 2 EH
CHEIEIANC D UL 58 A 01989, #&H 1 1995b),
INBIIHEW Y EF EOIE L WA TR, W[y
NV (FXYN) | OHSGHTHEIN TS, KH
TlE, RUAFBHZIBT BEMD A 3 &AM
DIAXETIREME e & OMISEREZHT S
BEANEHINDD, oA URHCET S 2
EDDIREME LA X REDX S T -0 &L
AR T IR T E VWA D 0
Z2C, BEAMEIRTIORETHFEAEICHNT
KEZIEN O KX Wz X 50T, =
DS BEBRONEE e —FTh 5,

A FBPSEAMREE Lo E T BRIk
WLPEIZ AT 5, BEOF 7 TZRZXA ) e %8
DFav XXX/ b (KR 1989) &dbigEe
WAt jic g ET A Y XA Y (K E
1983) 231970 R H K< BN Tz, Lavl,
IAERIREE T2 > TE oA IRV FEAMRE, 8 E
Dt R LICF L a7 ZZAX /by /
VY X H 7 HIZHTHENTRELT A2 ENLITLIE
HbH, ZIILFREDLHED OREIRFED Tx WIREIC
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fioNsde, FEHIZEAZEINTHRNZ &R
LTWb, 22T, Aot REDIZDDE—
BB e LC, Z#HiPZ RE LTS CIEmE ik
FEEAED, TNTZNOHIKTRIEE 5 YR
W] DIEFZIELBET S Z E08NEE -7,
Flo, INOEROMEN S 2D A RS FEA MR
DVREE DR EANZ R LU CEBEDRIEZ /R T 72 513,
kR D FBESE CEFEAN T 20BN E W R b,
VTAE, FE e & A 2O &SV ERIRMEZ R
Hlonoky TTFINRFL 2T ZAA ) b TIZR)
Ba BT 2 ENAIBNT CHRE. S59:1996) 2%, [A
KNI A F R OB COMBEZRIZT 5 (10 et
al:1997), Z D7, KD A F B FELEMREIZD
Wbk y 77 FIVENTT 5 G a7z,
D e X0 hE

(1) KHE DA 2B LA R DR

1994 005 1997 F 2/ ¢, BAW « g 5 %
FOZ UCKBIZ A L CRIEE o> T B A 28}
S MERICBT AW IE L, LEIZSUTCH
HCAREY & R U C B C ORISR D Y48 %
N7z,

(2) HEH LHEWDOVREIZ X 2BEBEEDIERK

1997 FIZBFEW T v 7 — BB ER AR
Uy —, EWEOSIEMBER W, Eh
ZNOREIZ DX 1 HSLL By HEHL 72 10 ffi 1 2R
DA TR FEA M, 50em D7) —hRy
N EOKHIRETER L, £EMOEDIRENF
BEBE LT, SSEERTOBE T GDIMENT,
FaT AR A/ b T CHRKEFTFIRET, TEET
M, TER/AFRG, #7324/ b 2 CTHEN
BSRT, 7o CTER/ATN, KKK
Wi, EEEEIT, oy v X el

BT, REIRZRT, 4% 1) 7 Pieve Albignola Az.

Agr. Pelizza Giancarlo, /\>/# 1) — Szarvas, %V
XA 7Y RIS <X, TER/CTA, REF
RARILTT, NA aXh 7y & F 5 v CluEdE
i, FEER/ATAG, vt L7y Cifhd R H T,
KRR <X, Ny a oy X TREFRESLN,
b EEEET, F a7 F N THRWES W, i
B SRR, o 2 Y TR AL, SRR R
HIPED S D% ZNZENMEH L7,

(3) FERATREIZETHRFIREORAE
1995 205 1997 £ 7 FIZ/\NTRITTK AR D E 1%
REMZELKHTEE LTS A RS FEE MR
DOFEFAA 7z, F72, 1996 4F 10 A 23 HIZIX[EHE
XIZHBWTELD 40 ~ 100m DKH 45 F# x5 &
LT BEOMAR EZBITLERNS, T hF,
VY IH TV BLXONA XD T HORERES, a:
R L, b EERERWIZ R, o KHENTRIZ R84,
d IR RE, T LR L,

4) yaky 7 TF VKNI L8001 k%
MR D RIS

1997 £D 6 AN B 7 AT THLIEHEHEA T,
1/5,000a 7 7 %)V v MZAFIF K 58 (g 1)
Zahh, 14 ALBIERE 1g Z M L TR0 & L, £ 3cm
DWKGEETTT v h ¥ RKEAFIEAE), F
Va U AZX A/ b (RBIEHFIMETE) & KON
1 aXH 7Y tmEERETE) O 2 f§izFEoRY)
HoARERE L, BERD2 3HEM 3, 43EME
KO5, 6 FEHIZ/NB Ky 7T F )V (Butyl=(R)-2-
(4- (Cyano-2-fluorophenoxy) phenoxyJ-propionate) )
PRtz PR Ujz, UEE 3 KIEE L, AERRIEH
3cm OHEAKE U, BE) FEATHENZE T TERL,
4 ~ 6 E[E RO & A SR & L 7o,
A E 10a b7V WEEIL, (@ ¥/\aky 7
75 (1.8%) 1 F kil (DEH: 100g), (b) /N
oky 77F)N (30%) FLAI (DEHEW: 10mD), (c)
Nk y TTFIV(3%) « X ¥ (3-isopropyl-
1H-2, 1, 3-benzothiadiazine-4 (3H)-one2, 2-dioxide,
20%) ¥ (DEH-BAS: 100ml) & L7=,

2) fFERBIOEE

(1) KHEODA 2B LEA MR DR
KHENZFE L CRikk L@ E 72 > T B A 3 F}
SFEAMEIZONT, B THERE LR ZEA
ENFL a2 X /b, —ERTY) / HYIXH
THERBINTNTEY, ZOR#HITII<—F%
BWTCAIERETCH - 7= (Table 14), F7=, 1ZEDK
OB WELPR IZ B D A 1 B AR RN R L
TWAEHEL LN T, Thbb, B TR L T
WAREE RO E ORIZIZ2 20 DRILOH S Z
ERRDBNT=,

NS DRELE, O B FEAMEE L Tx
VA AZAR )L ETY ) HY XA TS ORE
WZOWTDOERMEEAEBRGIZED > Tvisn,
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Table 14 Examples of recognition of perennial Gramineous weeds in paddy fields of central Japan

Location and field Season

Considered as Correct identification

A Pref. fields of farmers
cooperative

C Pref. Agricultural
Experiment Station

S Pref. fields for herbicide

evaluation

N Pref. Agricultural
Experiment Station

N Pref. farmers fields

C Pref. fields of farmers

cooperative

Aug 1997 Leersia oryzoides
July 1995 Paspalum distichum Leersia japonica

July 1994 Paspalum distichum Leersia japonica

July 1995 Paspalum distichum Paspalum distichum

Agrostis stolonifera

July 1996 Paspalum distichum Leersia japonica

Agrostis stolonifera

Aug 1996 Paspalum distichum Leersia oryzoides

Leersia sayanuka

Leersia sayanuka
Agrostis stolonifera
Glyceria depauperta
Paspalum distichum

QDI VWIRRET D A 2 BHEY) D[R 7E 0N — R IZ IH
WThHDHZ L, TERLTHWLSEEZEZ BN (FRH:
1995)

BT oM L 2ETOBHmERA LI/ R, K
HIZHRELT [PV EFFTNRTH DS A 28
FAMEE LTCE, ¥ 272X A/ v (Paspalum
distichum L., 27 3 Z X A / & T P. distichum L.
indutum Shinners) & T )/ % ¥ X 7 7 ¥

(Leersia oryzoides Sw.) DMIZ, 7 > 71 F (Leersia
japonica Makino), ¥V X % 7 4% (Leersia sayanuka
Ohwi), /NA 2 X% 74 (Agrostis stolonifera L.), ™7
X v (Glyceria depauperta Ohwi), 2> *+ L 7 4

(Glyceria acutiflora Torr.) H3& N TW\/= (Rt
1998), £7=, ¥ 3 7 F /N (Cynodon dactylon Pers.),
F I Y'Y (Isa-chne globosa O.Kuntze), K 3 7
+ ¥ (Glyceria ischyroneura Steud.) &, 1% 12 HERE
RKFKIZHEET D2 HDD, FRIZKENIZRAT %,

— 3, ~ 3 % (Zizania latifolia Turcz.) X 3 ¥

(Phragmites communis Trin.) HFFIZKHNIZR AT
LM, - & LENREZET 50T, O
IRVIRFET S LRl RFI SN D Z Lidsh, 7
B, AFH—FEMEEOTICLEEEORZES D
DHY, TXHY (Leptochloa chinensis Nees), X
41 % Y (Panicum bisulcatum Thumb.), X b ¥ N

(Digitaria ciliaris Kel.) 72 & HBHIZE W TIE [V
XYWV ZEHeNbsdZErbH5H, LrL, Zhb
WEMED A FB—FA MR, #rhICHET H2IRE
IeEw/RL, I EOFFETCKBIZRAET DA 7k
MR EENIEIN S,

FLaVAXA /b EF I TRXA ) b nidhw

var.

b E LTHIBENTWAED, NAaXHh 75
I—uo v /NEEE (Hussarp: 1954) DIR LY TH 5,

(2) HEH EEWHOZREIC X HHRERE

MR E L1101 AL BIOIES &L HER O Fr
BaEPFNTAER, BEORERLZOME, NEORX
IZEWTHRL > TV (Fig. 13), A FEHEYICI
BEENE W IRETHIE T 28 & Rt OIRFET
HHT 2HEBERONLDT, ZORHHEZE1IFRHD
BEPEELTRAL, BOEELREDOEZ AN
THREEEIER LIz (Table 15), ARBRRTEHMAL
FREFOE O EDOE DR EIL, R ERLE
TEMETHEELHLDT, BRIZIZEDOMEE
ANWLZENEELE LV, BEOREZ DTS
HOWREIIA Y O BICER I N TS (B
H :1993) 28, #MEHHEOBYSCIns O E %Ik
T 27D 3mEBEONG % KHNTEET 54
IR AEEME ] WO EENICIRET 52 &0V
CThbHEZEZBND, MEHEO B CHEDFEE
LT LR, fMoR#EERbI<HODT
O T EDEWKHE D A +FH 4 M
HOFREOTIRIZE L TL, AREBEELED TH 5,
ABRBEEOIERIZE L T, TEMDIZIA L 585D
DNAHREANAER (fER : 1983) #EELC, F273
AZA A/ e T xRN TEBOERM DR Z W20,
KD A 3BT AMEDIEY » EROILRE T O/
WARIZOWTCIISHRI BICRFEET 5, EHE
ERDOIEOHENE RIZ X DREDBRD &l 57
HIZH, MEEOLNILGEICE, ZOEICESH
T (bt - 1987, KJF 1983, KM :1993) IEHE
CHEZ [FET 2LERD L,
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Fig. 13. Morphology of lower part of blade and upper part of sheath of leaf in perennial Gramineous weeds

growing in paddy fields

Note: D Agrostis stolonifera L. :Hai-konukagusa, @ Leersia japonica Makino :Ashikaki, @ Leersia oryzoides Sw. :Ezono-

sayanukagusa, @ Leersia sayanuka Ohwi:Sayanukagusa, ® Isachne globosa O.Kuntze :Chigozasa, © Paspalum distichum L.

:Kishu-suzumenohie, @ P. distichum L. var. indutum Shinners :Chikugo-suzumenohie, Cynodon dactylon L. :Gyougishiba,

© Glyceria ischyroneura Steud: Dojo-tsunagi, Glyceria depauperta Ohwi :Ukigaya, @D Glyceria acutiflora Torr.

:Mutsuoregusa

AREEITLIZ, Y THI—GHEEREH L an
HEHTED AR M RE Y A T D [EFHXN— ]
ZAER L CaEICEAT L7e (Fig. 14),

(3) FHER/\TAMIC I T2 FAIRTE

THER/ATAATKAROH) & EiE 16 SR OMIC
(LB 2 KAXE I, A FREFEEMEE LT
YhF, BYXHTY, NAaAXBTY, TXHY
BXOF a2 XA b ) ERI NI (Table
14) INHOFEMR LT AIZIEF 272X A
/e TP ORIIFEZ A T Wi s 7o, kR
BEBERICKIVFEE Lz, BTl old 4L T
(YY) (FRIN) DB TN, §XTFa
Y 2ZZRA )b EHEIN TN,

10 A TADA FDAFFTIEY Y X H 7 Hi3fiz-o
TNy, 7ohFENA aXh 7 HIEFEEDT

TWieh -7z, ZORAD 3L, MERERFIZRL
Bz % C Table 16 12775 L2 E M CX AT X 7=,
45 FEDKHADI B, 7 HFIE51%, Y XHh 7Y
13 24%, /NA 3 X H 7 H13 18% DIKH TiH b7z
(Table 17), EfRHOAIZIRS &, 7 HFDHH,
1% 80%, HYXH 7oL 33% &L, N3
XA 7Y OWBUL 7% Th - 7o BAERETIE, 7
XTI HERE, BHHE X OCHEKERHT
DKHEANIBIZ A () & NFiFemicieE d))
DKENRE L, Y IX A7 TREBEET NIE4e
HIZRE () OKHAREDI 5Tz YV XA THD
FEDE VKT ERKBIZTET A5 650840 -
7=DT, INOMEDE L EERRAREE & B L T
WA ATREMEDYE 2 BTz,

G L ER ORI IR S < BARTII K
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Table 15 Keys for determination of perennial Gramineous weeds based on morphology of leaf blade and sheath,
growing in paddy fields of Japan

a: leaf blade emerges in rolled
aa: leaf sheath glabrous and smooth, glabrous plant,

ligule membranous, obvious Agrostis stolonifera L.
ab: leaf sheath remarkablly scabrous
aba: ligule obvious Leersia japonica Makino
abb: liguke not obvious
abba: base of leaf blade pale green Leersia oryzoides Sw.
abbb: base of leaf blade reddish brown Leersia sayanuka Ohwi
ab: leaf sheath pirose
aca: ligule membranous, obvious Isachne globosa O.Kuntze
ach: ligule truncate, inconspicuous
acba: hair on sheath dispersed Paspalum distichum L.
acbb: hair on sheath dense Paspalum distichum L. var.

indutum Shinners
b: leaf blade emerges in folded
ba: leaf sheath closed, leaf blade slightly leather-like -----—---— Glyceria ischyroneura Steud.
bb: leaf sheath closed except for upper part, leaf
blade papery, slightly grevish green, ligule

membranous
bba: leaf blade around 3mm width, longer than jigule ---~--- Glyceria depauperta Ohwi
bbb: leaf blade around Smm width, shorter than ligule ------ Glyceria acutiflora Torr.
be: leaf sheath open, white hair dispersed at blade
base and sheath collar Cynodon dactylon Pers.

Eﬁﬁij_r‘ l|-"=:|“l:_|'ﬂll

FHICRET & *RBEEHRBOMRO S

TR T S B
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L L L LN ] . il b = EEEgE  mmew e e

mle B P -
EEm WHEE i e
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s WA B
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Fig. 14. Weed sheet developed for practical use of keys for identification of perennial Gramineous weeds in
paddy fields shown in Table 15
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Table 16 Keys to distingush perennial Gramineous weeds growing in paddy fields of Yachiyo, Chiba Prefecture,

at late October after harvested

Part of plant Specics
L. japonica L. sayanuka A. stolonifera
Panicle absent present absent
Leaf color dark green - pale green pale green
purplish green
Creeping culm suspending suspending elongating

Table 17 Degree of infeststion of Leersia japonica, L.sayanuka and Agrostis stolonifera in different style of
cultivation in paddy fields after harvested in Yachiyo, Chiba Prefecture in 1996

No. of Species and degree of infestation*
Rice cultivation style  field L. japonica L. sayanuka A. stolonifera
examined a b ¢ d a b ¢ d a b ¢ d
Direct sowing, dry 6 1 1 1 3 4 1 0 1 6 0 0 0
Direct sowing, submerged 9 2 5 0 2 6 1 2 0 8 1 0 O
Transplanting .. 30 195 3.3 .24 0.0 6.2 6. 1.0,
Total 45 infested:23 infested: 11 infested:8

Note *: a: not observed, b: few along levee, ¢: present inside of field, d: abundant.

Note: *: a: not observed, b: few along levee, c: present inside of field, d: abundant.

AL TZDORE S ED > T AFE
&, EESEMICHIEI N ThiznK
HIZR4ET DA 2B FEAME DY)
HEEE L TEHTH S,

4) yn\aky TTFIVENIZRHT S
Bord A 2B AR MR OO SO

B L h S & AL B 1% D IR AR A D 3|
T E O WAFX TR LU 56,
bRy TTFIVENL, YIRS
BhromAEL T2 3~5 6FEWICE
L7eFyaTgXXA /b b/NfaX
H 7Y OEFTEMSIEIL, ZTORE
1 F oA XD AR (EW) TKE
Moz, AT v RT3 i %
RS T - 72 (Fig. 15), ¥/Nak vy 7
TFIVERVY S VOREENET
FOEBEM<S A L, oKy
TITFNVENEFY 2T A A bTIT
RS (G 1996) 0, T
VHFRENA XN THIIHT BIER
st Xz (Ito er al.:1997)
FEE DBREANZ R 5 A 7B 254 4
B IGIIE 6 0 e FEEZE D ZRD H
Ntz eEns, BREAITORICH
7o o CIEMERFED#NIEETH D Z

et
I 100
5 2,3 leaf stage -
8 90 - .
g B34 leaf stage
«‘g 80 | 5,6 leaf stage
< -
a
32 70
2 — -]
k=)
EE o0
< §
=73 50
0=
(o]
o
2
£ -
g 30
[
o
T2 T
&
S 10 —
2
< 0
Leersia japonica Leersia japonica Leersia japonica
DEH kg granule DEHEW DEH/BAS
Herbicide and weed

Fig. 15. Response to cyhalofop-butyl at different re-growth stages
in Leersia japonica, Paspalum distichum and Agrostis stolonifera

Note:

1) Bar indicates Standard Error.

2) Herbisides applied are as follows.

DEH
(formulation product)

DEH EW: Cyhalofop-butyl 30% EW emulsifiable concentrate, 1 //ha

DEH/BAS: Cyhalofop-butyl 3% + Bentazon 20% ME soluble liquid,

10 I/ha

lkg granule: Cyhalofop-butyl 1.8% granule, 10kg/ha
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EDVRENTZ, Fo, FYaTRAXA /e, T
HEFBRXONA X T HPUNAOREIZONWTHEE
IR EFNZ X 2 RIS D ER TGS T 5L ERDH 5,
FRiEZDRE « EBOE N B I b MED R4
IR 2 e BRIZ K > T2 T %, WREFDOLAIC
ol LI DO T 2 OREEN LT D55, M= D
B BEEE WD AL TE(L T 5, ME D R4
DAL, BREFOFRECMH W oIz E, K
B REREOABE OB 7 SRS E I DR B A B S
LTWaH, ZOEbEM 2 DK E DB#IL E 72
HOENMZI > T, LA L, 29 LeZ{bodk
LOFWHATOIEN fEE 72 > TETNWAHDT,
ENHIRICHR AR EBEHT 52 ENEEITI -
TETW5D, KEHTOA R LM ORI
IO L-RED—>ThHY, & L THERE
IR D7D DFILE T LB E 52 K.
S181E, INHERMOKHBREIZE T 5 E B
DRI & ZNIZHD < B HHFEZIR T 50
ERb D,

V. BEHOKBAZEEICE TS I BEEDORNED
AR ERERRICDERICRIT T HEEHERIFED

Z

®E

1. DX/ ATHERI X I T 9 K DB DS
A ERERIICH T B RICHENDER

B EREH O LN T, KIEEIEO I DIE
RN e, ZHERNE L LIHRER O
FHEZHES D720 OERD, Bk, R 2R
< AR REEBRABIIEHBE THIES N T 5,
AR, NI OtER, P 72 & oK R E 2
TldH X/ a7 (Beckmannia syzigachne Fernald)
DFED DI U, DRI I2BIERIE OWESLOHE
FN5L5Ck -7, LorL, #X/ a7 i3yHE
MoWEN, MEAFHDOZRZXA T v KD
(Alopecurus aequalis Sobol. var. amurensis Ohwi)
RS THLUL T A Z END, M ERIC A
T HEM T, PEERER DR RITHd 2 1EHE s
I Z 5 TV D ATREMED D D TN E TITKHE
TFMRE LCoh X/ a7 0ERBICEET 5 8E
(Rt 1 1961, Peifh : 1989) 1ddbHH DD, BREE
H DO RHEDHEMEE 72D, 185 CTIEHE L SHREY D
HAIZ DN TOREHI I N T,

ZR G & U TR s oo g I RAR C oMo

%445 (2004)

FRATNE, JUMNHI Cl3aEE 3 A Eao 6 T T
fThivd, 22T, ZORNICE TS5/ a7y
ERZXA Ty R OEEREN TGk, B
FNZXE9 2 SUGD AT DWW TGS L7,

1) MEts KO T5E

(1) JKHEFZE & MR DR R

SN SEEAERS OKH 5 (ifEligE ) z&%
72, 50ecm 4, I 30ecm a7 ) —hrKRy Ok
i 5em OAIZHE Li-HEZINZ, ZDOMPIER,
Bk, MEA 3.2g HiIEL, XHIZ, 6 HIZ&KREL
CTENIZERFZRTE L, EAIET 50 HiE, %S 80cm @
FHRICEW AR a7y, XX Ty RY, v
27 Z (Galium sprium L. var. echinospermon Hayek)
I FYFF (Polygonum aviculare L.) BF3XNK/ 3 /7
2 < (Stellaria alsine Grimm. var. undulata Ohwi)
DO fZ @Y FEiRE /2, 2 4% (W vohxa
LF), AALF (W YAy T—VF, HERY
%, 17.5cm OBEMH], 3cm ORKHEIT 1 s 2 Rk x0T
BRfkE LT, 1988411 A 17 H, 1989 4 11 A 24
HIZHEREL 72,

(2) FERERICAUHE L -REH O

PR U 7 B 1R - R AL PR R AU 1988 4RI I3~
v F% 51— 7 (S-4-chlorobenzyl diethylthiocarbamate)
50% & 71 X 1 v (24-bis (isopropylamino)-6-
methoxy-1,3,5-triazine) 5% DA LA, v F 4
H—78%ELTux ) v08%DRANAIE L -
1) 7 )= 1) v (2,6-dinitro-N,N-dipropyl-4-trifluoromethy-
laniline) 44.5 % Ll & B 5 C a 2472 D 4 80ml, 500g,
30ml QAR T & U CHRME BB Lz, /e,
1989 FFlEIRVF A A —T 8% ETu X 1) 0.8%
DIRARAB X M) 7IvF ) > 2.5% Kl % B
#TCaXeV%&500g, 450g OABEE & & U TR
2 HigRIZAHE L7,

AL 122, 114 H HIZ b7z 2 WPEEED
1989 4F, 90 =D 3 A 20 HIZ, K v M RERD 0.09m?
RBIZ, EMEAR AT EEEREL, EED
EATE AR & Rz B 2 N U T, FERRIE 2 B & LT,
723, LAF otih TR O F ik & H W7z,

2) f R

(1) HZ/aTHEZZA T v R DHEY O
HIEH

SH20HDHX /a7 HEZXZA T vRT7IE,
S S 2 WG 6 IR OATRIEICHD
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B 24E. 0D 1988 DI IT SR Z TR L 7=k b
Bonkns, ZoOBAETHLHIZIRES ) -7,
Z OB BB COmMBEDEEZHNT 57D DE
HUREELE, Table 18 I/RL KD IZEEH BN,
Tiebhb, BEROROIES, o IR
FENE S TV BEAITIE, KEIEHDIRIFSEL
WRTFREFOBREEFRICEZ RS ZLICLDE
BTN TE = B2, H X/ a7HTiE, HEE
T DRO ODREI/NI W, FEHIZIZIE Tl b &
NINICELHELHD, RIZAL, BFZER L
PR TIIFRIC MR ki b b, DR TAX
X )Ty R EDHBBNATRETH -7, 2D B,
RS DA/ RPN, BRIz kbnb Z &
N, Fio, EHDOMERES DM X 555
X AN NI T, 5 CHR NIEE Tl
VAR

WL 3 A T2~ 6 D4 BEFS o fE ik
LT, MOBOEHIE—ETHY (Fig. 16-a,b),
F/o, WRLLEBETHENMET, TRV BT
HAHEOFTCEROEELTEY, BHTHEM L
B TH om0 NWA/ATHEXIA T vRID
SIREYI DR 2 BT LT R, 2 XA/ T v RO
TRREOFEENENZ &0, BERLEHAEOEBE
DEVOERNTH L Z L1 MbNn (Fig. 17-ab).

(2) FEREERICUIE L BRSO S

WAEIZ 35 1 B MEALEE X o) = B e B RE RS K13 Table
191ZRL-EEN T, 1988 FEIZIF M DR EN D
72K, 1989 4EITIZ % - 128, BRI Oy & ot
T 592 TCTHEIZad -7z, F2, WEOROED

HEUOE, BREFIOER CH ES O RN R IZ s -
A TCOHOLELTND I ENBEI N,
HRA)ATHERZA )T v RIIZONTRER)
R R X6 D A AR & LTk,
Fig. 18 IZ/R L7z, MFO&MEZM LT, # X/ 2
THEZZRA T v R XKOERAFEEBER? L,
ZDEZS ~40%Th-7-, Thbb, KERTH
WZBRFHNCR L, WO GNE SR > T
ZERRD BN, B & OJAGZEIL 1989 DA
DIETH LD, BAFEABULR & 1 ZIEFEER O M T
E@ﬂfio

WA AT7HEZXZXA T v R % XTI
FEEREREZRDDHE, 1988 ETNYFHH—F
EFaX M) VORGHAR, XvFAH—TET D
A NY VORAKAL, M) TVT ) vHFNCR LT
ZNZIN 207, 36.0, 3.7%THY, 1989 FEIZi1F~
FAH—TETux ) YORENA, N) TNV
D URFNZX LT 186, 155%Tdh 7=, Tixbb,
MR XA LW aiid, R EAR R % &5
R EWCEH LS EITHXTH X a7 icktd
DR W KIZFHE L, T XA T v K71
U T/ NG~ D85 R & 7e > 720 1989 D + 1)
T Z ) URHITIEZEDEIZNEI D 5 72, FFED
NyFFH—7ETax ) YORARA TR
FEIZ X9 Do/ « B KEHIliIZ X Z Hd TR E b &
iﬁ%ﬁf:o

3 F %

B D K EIEEM D A xFHER L UL, 22
THE LDz 2 A X /) 517 ¥ 5 (Poa annua L.)

Table 18 Keys to distingush the seedlings of Beckmannia syzigachne and Alopecurus aequalis var.amurensis in the

two-to six-leaf stage at the end of March

Species

Check point for distinction

Beckmannia syzigachne

Alopecurus aequalis var.
amurensis

Spikelet and husks remained at
the end of mesocotyl

awn

Wk
N

glumes swollen, floret without glumes sharply flat and harly,

floret with awn at the base

Tip of ligule

minutely pointed

/\

sharply pointed / ‘

M

Quality of leaf blade

minutely rough on the surface

minutely rough on the margines

Young panicle in the sheath

with obvious rachis-branch

without visible rachis-branch

Color of roots white

(2-6 leaf stage)

reddish brown when dried
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Fig. 16. Difference in color of roots between Beckmannia
syzigachne (a) and Alopecurus aequalis var. amurensis
(b) in two to six leaf stages of seedlings at the end

of March

DFAET DN, FENThZ LIz v E AR
RECHETLZETCADIZHIITE 5,

H R A7 DHREMIZONT, B GER
1968) 1%, [Z XX /T v R IIZHXRTEELD
Tnb, | EfatL, F7-, EBES ((eRkfth:1989)
b, [3APHICIEHEEEASESDIFICLVE
GIZHRTE 5, ] ELTWA, LrL, IEHTO
ZROF LR A DR D R E DORIIIZ 7= 5 3
A« TR, ZEMO TR E DR AR EH
DHEDOHEIZHLMEEIEOTHNT 5752
EIIWREETHY, hROHEICIIA A BTG
T OB O, RRICENT 2 TR S
NTWg (e 0 1989),

22T 3 AT TRICHEEOFNICFIHTE
L5 DDIBEIZOWTHGET L, IO BOENW LTS
L LI EA CHH 2 E xR Uiz, KHIHMER
DEYTIE, aFF, F<HY V), bondg
X /b7 s ETRO OB DRI S W Tl
M HZENKATONTWADY, H X/ arsy
EZZRA )T v ETIIONWTEZDHENELT
HDHZEDWBNT IR 5 T2, H AT FIFFE
Wh=ClE, 22 JE0R SR B 305 R ) 5 oD 5 i
Zdhl- > T, MERBIIREZS T ETIN,

(a)

(b)

Fig. 17. Roots of seedling in Beckmannia syzigachne (a) and Alopecurus aequalis var. amurensis (b) with spikelet

at the end of March
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Table 19 Number of plants and dry matter weight of weeds per m? in untreated plot (control) at 123 (1988)
and 116 (1989) days after sowing of wheat and barley

Species
Beckmannia ~ Alopecurus — pog annua L. Galium Polygonum  Stellaria
syzigachne ~ aequalis sprium L. aviculare L. alsine
Fernald Sobol. var. var. echino- Grimm. var.
amurensis spermon undulata
Ohwi Havek Ohwi
Year No” Wt” No. Wt No. Wt No. Wt No. Wt No. Wt
1988 572 478 (5567 178 27 14 07 25 73 117 06
1989 1656 186 3384 458 11 0 1361 367 1028 84 206 05

Note: a) Number of plants per m?.
b) Air-dried weight (g) per m?

¢) Total of B.syzigachne and A.aequalis var.amurensis.

d) Figure shows average of two replications.

60

O'Total

Beckmannia syzigachne

B Adlopecurus auqualis var.
amurensis

No. of plants survived (% of control)

Benthiocarb Trifluralin Benthiocarb
50%+Prometryn 44.5% 8%+Prometryn
5% emulsifier emulsifier 0.8% granules
concentrate concentrate
Rate 8/ 50kg 3/ 50kg 45kg
(Formulation/ha)
Application| November 18,1988 | November 26,1989 |

time

Fig. 18. Effect of pre-emergence treatment of soil-applied herbicides to Beckmannia syzigachne and Alopecurus
aequalis var. amurensis at the 114 - 122 day after treatment

Note: Number of plants in control plots was referred in Table 19.

ELTWa (HAEWHFHESHVZEmHZ 0 1990) DT,
WOEIZHEH U=k 38 - i FEAE L EE B
HEEE TR RTNIE RS WSRO HiEIC NS
L, BAENICHETES I HETH D,

WA CHEB LD H X/ 2 79O 0
ERHABTHL I EZBELTNWER, SHEEIC,
A BB Ky, Rl &t X AmRED
WOBDOEFZOWTHT HEEHIZ, #H EHBD
I RGN U 7= 18 5 T g Bk % © HEST 3 % L EEH
Hb,

BREHE Bk E Lo MEIRICE VT, £ixd
HRETH > CTHHNTHT HRIGIZEN el iE, Bk
FICHN TE L CLEBODIBR LEH IC T Er X
=t o Eld Al R, AR AT HEZXZRA )T K
TIZOWNW T, KREBRIZHWBREANIC R L TR
BRSER L, R BRI L WIS A I
Bt B oD IE T 72 3Pl 28 T & 7 2 E DS B T
Ieolz, LAL, ZOZ EIEMERE DR EE I
XY — v DiENE E BT, FEBRRESMEOE
BEXOCBREAOMER ik EOBERIZK > TH ¥
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BrxlThEEZONLIZS, FHIZONWTIESTE
EHIZBRFEILETH S,

WEHLIZ 35 1T 2 KHBEFEBTOH X/ 2 7% Db
BRICOWTIEFER LM R IE I N T D (R -
SRR 1989) 2y, T Lok E bl T
Vo B SRR RIS ERIEMESL DO T2 OIT1E, Z R
S OBREREAMERRICENT, h X/ a sy %2
AR Ty R EEEICHEN LT, BRERRO I
HIEZATH ZEDNEETH D,

2. WX/ AJHEXRI XA /T vRIIZH T BHIE
MOMRFME S Z N OTZ) DREEFICHT S
RISHEDEE

H A/ a7 Y (Beckmannia syzigachne Fernald) 13,
AT DOKEEEEMBCEELT 5 1 2 B4R E L

TRZX AT vRY (Alopecurus aequalis Sobol. var.

amurensis Ohwi) IZ N2 CRIEIZ /s> C& /=y WX/
a 7% OB SLERE DBREROERHIZLS5ET 5
R H Y, FEIEKX O MY & ) R 7 A #ENL
DI=HIZITTRE, ARECEE R EHIC R 5 G
HARAA Ty R ERM LI THLNMZT HHE
Wb, LnL, B/ a2z oy oiEidsE
DY A RIS ETRZA /T v RIITHHLT B 72,
EREHI O RHE 72 E TS O BPE T2 X A/
Ty RTEBNT LI EPRETH ST Z DD,
WOEIZHEH Ul 5 edilEIc KV, BRoREE
1B % BRI R FLANIZ 69 5 SOG OD 722 5 7% flE
IR oD 5 SR BB e & C U Rl e 2 IR AL X1 L
CTRHi T AL ENH S Z L@ L GREfl
1990),

HZ ) ATHEZXZRA T v RIIZET DEBREH
(29 % SRS O] 22 Ok 2 A9~ 2 Z &3 uM
HoIak D K 22T D A 2 BHHER D DR ER IZ
ESTHEBETHDH, ZDH, WHEDYHED D+t
OMEREOEN LS Z hu 7 2 ) Y ROFEH
E1% TSP ER B AN 2 RIS D2 F 2 BET LT,

D MEtE X 0%

HRA)ATHEZXR T v RTOMETFIE TN
Jet e AR 0 K LRI AR (BLJL M v R ZEWE R 2
7 — KHEPEWFZERS, fmidRsmd) X2
DKHEFZEMCIKRPH THFED S5 HIZEHR L, EN
TR £, B - #kIE oK, 50 IEEK+
eI K > TIRIRERE L 7= R ICH8EA L 72,

%445 (2004)

(1) WEFTIZ I 2 it oo (i = R

1993 9 HIZ 5CoKFIZHPK L7z h X/ a 74
EXZXA Ty RYOEF%, [FF 10 H 30 HIZIE
P 9cm, HX 7Tem DY v — LHDORIEAHE 112 50
KL, vy —LV2EEZT VI 7+ AV TEA
THRERRES U, 20C ofEiREMNIC 1 4 ARE W7
BICHF PR OR X ZWEL, ZOEGFHEE N
ZDOEIE L, h X/ a7 116 flik, 2 X %
/Ty R 124 A ERIE L,

(2) T ot iR AR & R RIRE D5y
Ziil

50cm fg, X 30cm D227 ) —heRy bDE
H5em IZA — ~ 7 L — 7 TR IR U7z U ek
JKH 38 (i +) 7535, FEmfdCEA THL Y 80cm
DRIz 100 HEBEEK U CIRIREZ HEEL /-7 X/ 2
THEZZA T v RTOMT% 1990412 4 10 H
IZ 5cm DL ICHEME L 7=, FfE44 HIRICH X/ 2
7 U3 AR, ZZX X T v R 204 BIKD D
s E&H TR L, SRR X OEER
DFFEDTE L 72 B30 0 & iRl o b E TEBE
SREE UCHE Uiz, Fio, R SRR I bR
Eamz CREREZRDI,

(3) MEMEEELYZ a7 =) ARG
HEIDH R L DRIR

F— b7 L— T CREE IR U 7= UM RSO
¥ (H+t) %, 85ecm A TCIEX 5cm DAY TF L v
BemIZigEsD, 19934 FE 1 H 22 HIZAH X/ ar7H b
ATy RO LT, FFIXENIC
B L7t DZ A, HaYB7-0%& % 76 £ 3, 94 &
SW AR L 7o, WRERE TR S 5, 10, 20,
30mm D 4 P& Uiz, BERICITET 58K L,
R ==V THRELI-HEENTER L,
S HHICHI-D1 2T HIZ, v= a7 =)
VARALEAEBRER O M) 7T ) KA (2,6-
dinitro-N,N-dipropyl-4-trifluoromethylaniline 2.5%)
ERVT 4 A% ) IRE (N- (1-ethylpropyl) -2,6-
dinitro-3,4-xylidine 2%) Z* ZZ X a 247= 1 450,
600g DL E T Uz, MM 3 KIEE L, FRE
FIALEEE 54 HHIZH7-5 3 A 22 HIZERAFA S %
Nz, Fio, HEFk 4 HI2H725 3 A7 HIZ, £4&
FEPERE 2 202 2 5% 0> 50 ik, A5 100 &Iz
TR A e U 7o
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2) i R

(1) BERTIZ IS8T 2 il oo fif = A5

BT CHELEHFOEIDOFHEIEI N X/ a7
BT 45mm, A X A /T v R7T69mm, Fiz,
Wil o FHEiEiX 221 8mm & 32mm Th - 7=
(Table 20), $7sbb, WHEDEHLZDR X DEILL)
FRTIE I hrihE COEICHY L,

(2) L Toh it MR & R RIRE D9 A
SIREY) D FEAETRIE & TR IRl R O 93 4 & Fig. 19 12
RKUTze X/ aT7HEZZ AT v RO R
&, FERE D 15mm BE F CIREE I >N TR
EIZME LD, ZNUEOWETIEIAZIA /T v
A OFRENIIREE IZ >N T Bz fmE Lizoicxt
L, 7 X/ a7%oFFEld 10mm 25 CliE—E

Table 20 Length of shoot and mesocotyl under dark
incubation at 20°C in Beckmannia syzigachne and
Alopecurus aequalis var. amurensis

No. C?f Length (Mean£SD, mm)

seedlings S

examined shoot”  mesocotyl
B. syzigachne 118 45+12 8+5
A. aequalis

; 124 69+12 3245
var. amurensis
t -value” 15157 37137
Note: a) Total length of plumule and mesocotyl.

b) Result of t-test between mean values of two

species.

c)

**shows significant at 1% level.

37

Tholzo Thbb, BWIEIZHLH X/ a7
T OF L 2 X A /T v RN THE LIC
SWZ ENFEDHBNT,

TEEREIOSOREAREL, H X/ 3 79Tk
11~ 15mm %z A& LT 25mm E TOERIIZ/HA L
7oy, ZAZX X T v AR Tldf50%0 5mm £ TOE
WZIEIZ 95046 L= (Fig. 20),

Q) MEAREELY = bo7 ) VARTEEAMER
FHHRIOZHFE & DR

B RET 2 L7200 B A E L=,
& HIFMRL 15 HCHEF L, BEERTo%E
WIHRETH >z H X/ a7 oFiriiEix 2 X
AT vRTD45% (Gmm) H5H 68% (20mm) T,
EOWETHEMN < (Table 21), Wiffi~ & Fig. 19
DHEPHATH - 7=,

o B IR % AL XU 09~ 2 SR AT A A B R T L
B U7z, 72d, FEMEDY 100% %82 6121 100%
ELWe MUTZNZTY Yy, XUusa A7) 0ED
30mm DOFEFERE TIEMmFEIC L TR Z2RI T,
20mm LA T CIIRFEREE O KIZ >N TR Z IR T
7= (Table 21), NV 7)V5 ) VLFEDEE, FRFETE
& 5mm 5 5 20mm OHFIPATIE A X/ 3 7% DEAF
EEBLERIEIZ A /79 RT XD KE N,
T4 A Y1) VB TIEZ OFEA COMBZEIT/NX
M o1,

N

- >
—

o CRRREZRRE — Pt ) 2 iR kg & L
IR IS A TR AL (Xmm) & FRAFEA R

35
€ B. syzigachne
30 H A A. aequalis var. amurensis A
el
£ 25 R
= A
& 20 PPN
=2 A A AA A
Q A2 & A AAT
g 2a s AA;f ﬁd‘ g«s
8 10 LY 7V TS JUE TP
= at % g@x«si&&@ ij@ * e
5 AA A‘ﬁ MgAAAgAAA &
A ARSR A A &, IS v
A §*‘“‘W §¢®A 2«2
0 adadlalanoacead oo o '
0 10 20 30 40 50

Depth of emergence (mm)

Fig. 19. Distribution of depth of emergence and mesocotyl length in seedlings of Beckmannia syzigachne and
Alopecurus aequalis var. amurensis sown within a 5 cm depth in the surface soil



38 JUMPPRBERZERTIE © v ¥ —H S B 44 5 (2004)

50

[ B. syzigachne

B A. aequalis var. amurensis

40

Percentage

0~5 6~10 I11~15 16~20 21~25 26~30 31~35
Depth of growing point (mm)

Fig. 20. Histogram of depth of growing point in seedlings of Beckmannia syzigachne and Alopecurus aequalis var.
amurensis sown within a 5 cm depth in the surface soil

Table 21 Changes with seeding depth in the mesocotyl length and nember of plants which survived under pre-
emergence treatment of dinitroaniline herbicides applied to Beckmannia syzigachne and Alopecurus aequalis
var. amurensis

Seeding depth (mm)
5 10 20 30
Mesocotyl length (mm)”
B. syzigachne 09+1.2 39+1.9 96425 1144338

A. aequalis var. amurensis 20+1.5 59+15 141+2.4 18.7+23
Number of plants which survived
per pot (8.5x8.5x5¢cm)
Control”
B. syzigachne ; 63+ 9 63+2 68+ 2 64+10
A. aequalis var. amurensis 95+ 2 94+ 6 87+ 2 7710
Triflurarin (1.125kg a.i./ha)®
B. syzigachne 41+£25 57+16 89112 100+ 0
A. aequalis var. amurensis 13+ 2 25+18 48+ 7 100+ 0

Pendimethalin (1.2kg a.i./ha)®
B. syzigachne 62+17 72+11 94+11 100+ 0
A. aequalis var. amurensis 62+ 9 56+16 90+ 9 100+ 0

Note:a) Mean £ SD based on 100 seedlings.
b) Mean * SD based on four replications.
a) Mean * SD based on three replications (percentage to control).

HHR (Y %) EoBfhzko s &, mi#ld Y=a (1/X) NXYT 1 A5 ) R DYE DR

+b O FR IR R CEEIT E 72, HhZ ) asy

)T F ) VAR OB OlaE A Y=110.8-204.3 (1/X)  r=-0.840%* - (3)
H R a sy ARXA )T vRY
Y=116.2-315.9 (1/X) =—(0.862%% - (1) Y=114.6-179.3 (I/X)  r=-0.803%* -+ (4)
AZXA ST vRY (e 1% KEETHE)
Y=119.9-350.2 (1/X)  r=-0.923%*% - (2)

e DR DOH BERE DR, [Mlhethla Tl
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M) 7N F ) VIR DS A t=0.289, XV T 4 X5 1)
VLB DY t=0.520, F/z, [ERER D TIE NY 7
W) DY A t=0.161, X2 T 4 X 7)) VAL
DYt t=0.743 T > T=o FRAFEGBEILER (Y) %
BREFEE Xmm) O—KBEERNCERLELGAEDH X
JagHEZXZI ATy RTORRRE a D t{EHIZ
HERTC, R AR E 2 B 288 & L 72358 121 D
KIFIZAE T L (Table 22), Bl =Rz M4 7E 12
WEIND 20%KET QLA NV KT v 7§k
FEB% 0 1978) HEAEZ RIS Ix-Tz, Tixbb,
Fatmiix g (D-2) XY 3)-4) 1F—%
L, BER2BHEEECON) INVT) VEXVT 4
AN VMBIZEITS AR/ arsvEXT A/
T v R OERAF AR OEOII R SR D 7%
RIZXDERDHBNT=,

3 F

SUM I DK HEIEEEBIZ B W TE, b EEH
AT D —FEARBMEREDAZIA ) T v R %
KRG - R A 1 R BR BRI 0N A < A X
nTnwa GHJII:1986) bbb bHd, EUA *
BHERIZE/ 2 H X/ 2 7% O RAEDHEIER IC H
% (FRH : 1990, Morrra : 1993, e : 1989),
BREEGTEAUE L) 7VS ) VD, Hh R/
ATHICHRT D RIEZ LA T o BT XVED -
ol T HRENRDHDH (FRHMh 1990, Peikfth : 1989)
TEND, WX ATHEXIA T v RIDOMET
DN BBREH OEIREOWEZ M2 130
X/ a7 B OWEIMER O M &) R BRI
FETHD,

FiH Gidk 1961) &, 4em DL EDOFAEEE T
HA)ATHNAZA )T v RITEDELFEET S
DO DHFOREFHHEE XN NZIER U Th D

ZEmR Uiz, AW TIE, HEONFThEEE S
H & IR TR, X a7 iEF
EEDMERETZ A /T v B & Biehizwh,
[ UCRERE TONFOREAMBEIRES 2D &
TR, (Y & MR E 713 M O FEEE T ORREE
RIS LRBRIZK > TREZ 5, £HicEk
V% B S DAL D E S R AL B & 038 R
DEELEREZNTEY (Knake and Wax: 1968,
REA « #arh 0 1972), F8ATREE RBCR AR DI
PESBREH ORI TR A X /T v Ry (el
fih : 1985) A XA¥ A (P4« Zil 2 1991) T
WMEINTW D, B TRA L7 flifd0 el 2 f
BRIV THHFORE S ZRERONEE DFET S
TEERE L < IC9 85T, AR TRt
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Table 22 Test on regression coefficients for number of plants survived after treatment of dinitroaniline
herbicides (Y%) and seeding depth or depth of growing point (Xmm) between Beckmannia syzigachne and

Alopecurus aequalis var. amurensis

.. Species X:Seeding depth(mm)  X:Depth of growing point(mm)
Herbicide E)rest aX b a(1/X) b
B. syzigachne 2.42 31.19 -315.90 116.20
Trifalin 4 cequaliy 339 85535020 11990
""" t-value 1,669 0.289
B. syzigachne 3.52 2483 -204.30 110.80
Pendimethalin A, aequalis 180 4787 17930 11460
~t-value 2.039 0.520

Note: t(df=20) :2.854 (0.01), 2.086 (0.05),

1.725 (0.10), 1.325 (0.20) .
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Control Strategy for Noxious Gramineous Weed Species Based on Studies on
Emergence Ecology and Establishment of Practical Identification Methods

Hirohiko MOoRITA

Summary

Gramineous species (family Gramineae) are noxious weeds that commonly infest paddy fields in Japan.
Herbicides used against these weeds require high species selectivity to prevent the removal of desirable paddy
fields crops rice (Oryza sativa L.), barley (Hordewm vulgare L.) and wheat (Triticum aestivum L.) which belong
to the same family. The identification of Gramineous species is problematic, especially during their early growth
stages due to an abscence of distingushing morphological characteristics such as panicles and spikelets. However,
herbicide treatments are known to be more effective if applied during the early growth stages. Clearly, the accurate
identification of target weed species (such as Echinochloa spp.) and knowledge of leaf emergence timing are
important factors that influence the efficacy of herbicide treatments. In this study, a control stratgy for Gramineous
weed species that commonly affect paddy fields in Japan is presented. This control strategy is based on studies of
emergence ecology and the development of practical methods for accurately identifying noxious Gramineous wee

species.

1. A method for predicting leaf emergence and establishment of Echinochloa spp. based on air temperature.

1) Leaf emergence in Echinochloa spp. and Scirpus juncoides var. ohwianus was predicted based on the
accumulated efficient air temperature by measuring weighted temperature at hourly intervals.

A method for predicting leaf emergence of Gramineous weeds based on the measurement of accumulated efficient
air temperature at hourly intervals was developed as an index of leaf emergence in Echinochloa oryzicola Vasing.,
E.crus-galli PBeauv. var. crus-galli, E.crus-galli PBeauv. var. formosensis Ohwi, and Scirpus juncoides Roxb.
var. ohwianus T.Koyama. Leaf emergence for these species is known to be an importnat factor affecting the efficacy
of herbicide use in paddy fields.

(1) The emergence rates of the second leaves of E. oryzicola, E.crus-galli var. crus-galli, E. crus-galli var.
Sformosensis and Scirpus juncoides var. ohwianus were measured in an illuminated incubator over a temperature
range from 12 to 36°C at intervals of 3°C. The increase in leaf length at each of the growth temperatures was
measuerd at 24-hour intervals and expressed relative to the initial size of leaves grown over the temperature range
from 12 to 36°C. Data obtained for the four species were expressed in air temperature (&) increments of 0.1°C
following the treatment of the data with a Spline Interpolation tecniquue.

(2) Accumulated efficient air temperature (Xc ) was calculated during the period from emergence to the 1.5 leaf
stage and from the 1.5 to 2.0 leaf stage for seedlings of the four species that were grown in 3.8 L pots under natural
conditions at Kyushu National Agricultural Experiment Station in 1990. The seedlings emerged over a time period
corrsponding to seven different puddling times. The coefficient of variation (C.V.) of the X ¢ values obtained for

the seven puddling times was less than that obtained for days (X day) for all four species. The C.V. of the X ¢

Department of Lowland Farming Research, National Agricultural Research Center for Kyushu-Okinawa Region, Chikugo,
Fukuoka 833-0041 Japan.
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values was also less than that obtained for the accumulated daily mean air temperature (X T)and the accumulated daily
mean air temperature minus 10C (X (T-10)) with the exception of only few cases.

(3) The C.V. obtained for > € over the period from puddling time to the 1.5 leaf stage and from the 1.5 to 2.0
leaf stage for E. crus-galli var. formosensis observed in the paddy fields of Kyushu National Agricultural Experiment
Station in 1991 was less than that of other accumulated temperatures and the mean value obtained for > € was found
to be similar to that obtained in 1990.

(4) Since the X ¢ values remained constant between both puddling times and years, they could be used as a parameters
for determining accumulated efficient air temperature and also diurnal variations in air temperature for of E.
oryzicola, E.crus-galli var. crus-galli, E. crus-galli var. formosensis and Scirpus juncoides var. ohwianus.

2) Emergence pattern of Echinochloa crus-gallii PBeauv. var. praticola Ohwi and estimation of the appropreate
herbicide application times for the Kanto region.

The appropreate time for applying herbicides prior to irrigation was determined based on the estimated leaf
stages of E. crus-galli var. praticola and using the data obtained for accumulated efficient air temperature in dry
sown paddy fields over the period from 1994 to 1997 at Shintone in Ibaraki Prefecture.

(1) E. crus-galli var. praticola, a weed species that commonly occures in these fields, was found to emerge
from a shallower soil depth and grew more rapidly in fields that had not been tilled. A simple linear regression was
carried out between the maximum leaf stage (Y) at (n) days after sowing and the accumulated efficient air
temperature (Xe : X) at (n-1) days after sowing for tilled and untilled fields. The values of the >¢ needed to
one to five leaf stages from sowing or ploughing date were calculated by the linear regression.

(2) Using the data of air temperature data recorded over the period from 1990 to 1994 at Ryugasaki, near Shintone,
Ye values were averaged between year in cases where the air temperature fluctuated from +3°C to —3'C with respect
to the annual average. Based on the 2 ¢ values obtained from this analysis, the appropreate application times for
the liquid formulation of thiobencarb+DCPA, for which applying at two to three leaf stages of Echinochloa spp. was
recommended and for the liquid formulation of cyhalofop-butyl+bentazon applicable at four to five leaf stages of
Echinochloa spp., were determined. A multiple regression between daily mean air temperature (X;:'C) and diurnal
temperature range (X»:'C) gave the result, Y=0.00211X:40.00014X,-0.2154 (R?=0.932), which was used to
obtain the approximate value for 2 ¢ per day.

3) Morphological characteristics of the spikelets and panicles of Echinochloa colonum (L.) Link..

Jungle rice, Echinochloa colonum (L.) Link. occurred in the fallow paddy fields and levees in the Kumamoto
and Miyazaki Prefectures of Kyushu, Japan. To develop methods for accurately identifying jungle rice, several
morphological characteristics were analyzed compared with E. crus-galli (L.) Beauv. var. praticola Ohwi. To
account for the absence of jungle rice populations during the winter months in the Kyushu area, based on the
results of freezing experiments, daily minimum air temperature variation was surveyed at 114 locations in the
Kyushu area.

(1) Spikelet lengths of jungle rice accessions collected from Tamana, Kumamoto Prefecture and Sadowara,
Miyazaki Prefecture ranged from 2.5 mm to 2.6 mm. These spikelets were longer than those from plants acquired
from Thailand and raised in Tsukuba, Ibaraki Prefecture and had similar lengths to those of E. crus-galli var.
praticola collected from Chikugo, in Fukuoka Prefecture. Jungle rice samples collected from Tamana and Sadowara
were characterized a 58% to 62% covering of the spikelet with the first glume. The ratio of panicle length to the
lowest rachis-branch exceeded 3.2 for jungle rice collected from Tamana and Sadowara, and less than 3.2 for E.
crus-galli var. praticola collected from Chikugo.

(2) The percentage of germinating seedlings decreased to 1.5% to 3.4% for seeds frozen at a soil moisture rate

of 50%, but was not significantly affected at moisture rate of 0% and 10%, following a -5°C freezing treatment for
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six hours per day for one to three days. Treatment of the seeds at -5°C for three to six hours per day for one to four
day period was found to completely inhibit jungle rice seed germination.

(3) The total number of days during which the minimum air temperature fell below —-5C was determined at 114
locations during the period from November to March over the years from 1988 to 1992. These locations were
considered to be unsuitable for the establishment of jungle rice due to the suppression of seed germination. Based
on the results from the freezing experiments, the germination of jungle rice was found to be inhibited when the
total number of days below —5°C exceeded four per year, according to the histrical temperature data. These results
suggested 32 locations in or around the Kyushu and Chikushi mountains where jungle rice could not survive. At the
other 82 locations, this species could potentially survive. When the daily minimum air temperature increased by
1°C during the winter season, the number of locations where jungle rice could potentially survive was found to
increase from 82 to 89.

4) Investigation of the effect of temperature on the rate of leaf emergence in jungle rice ( Echinochloa colonum
Link. ) .

Jungle rice, Echinochloa colonum Link. is one of a noxious tropical and sub-tropical weed that could become more
widely distributed due to environmental warming. Predicting the growth pattern of introduced weed species under
the influence of increasing environmental temperature provides useful information for the prediction of effective
control methods. The effect of temperature on leaf emergence was studied using the method of accumulated
efficient air temperature by measuring the weighted temperature at hourly intervals (X ¢) as described above.

(1) Efficient units for leaf emergence of E. colonum in air temperature increments (&) of 0.1°C were obtained
by the same method as for E. oryzicola. No significant differences in the emergence rates of the second leaves of the
five jungle rice accessions were detected at 30°C and 18°C.

(2)The X ¢ values obtained for the different leaf stages were determined for E. colonum and E. oryzicola. Using
the air temperature data collected over a five-year period at Chikugo, in Fukuoka Prefecture, accelerated leaf
emergence was predicted to result from an annual average increase in air temperature between 1°C and 4°C. A
temperature increase in this range was predicted to cause second leaf emergence to occur 32 hours earlier if

seedlings emerged on the 20 June and 114 hours earlier if they emerged on 20 April.

2. Key for identifying Gramineous perennial weed species based on leaf morphology and frequency of infestation
in paddy fields at Yachiyo, in Chiba Prefecture.

In recent years, infestations of perennial Gramineous weeds have become a serious problem in the paddy fields
of Japan. In general, the identification of Gramineous species during the early growth stages is problematic due
to the absence of distingushing morphological characteristics such as panicles and spiclets. In order to establish
effective methods for the control of these noxoius weeds, convenient keys for identification, distribution and
susceptibility to herbicide are reqired.

(1) Samples of perennial Gramineous weeds collected from paddy fields of Japan, were identified as Leersia
japonica Makino, Leersia sayanuka Ohwi, Agrostis stolonifera L., Glyceria depauperta Ohwi, Glyceria ischyroneura
Steud., Glyceria acutiflora Torr., Cynodon dactylon Pers., Isachne globosa O.Kuntze, Paspalum distihcum L., including
P distichum L. var. indutum Shinners and Leersia oryzoides Sw.. P. distthcum and L. oryzoides have been known
as noxious weeds since the 19070s. Keys for the correct identification based on morphological characteristics of the
leaf blade and leaf sheath were produced for 11 species of perennial Gramineous weeds. An information sheet
containing the keys and including colored photographs of each species was produced for distribution to farmers and
agricultural technicians.

(2) In the paddy fields of Yachiyo, Chiba Prefecture, infestations of Leersia japonica, L. sayanuka and Agrostis
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stolonifera were observed after harvesting. The percentage of paddy fields that were severely infested by L.
japonica was greater for those fields that were dry-sown. Infestation of L. sayanuka and A. stolonifera was not
common when compared with L. japonica, in paddy fields that were sown directly.

(3) The herbicide cyhalofop-butyl was found to have a 60 to 90% success rate in reducing the number of plants.
This compound also caused a 96% reduction in dry weight (compared to control plants) for Paspalum distihcum
when applied at the 3.1 to 4.9 leaf stage and 4.8 to 6.6 leaf stage of re-grown shoots under submerged conditions. A.
stolonifera was found to be susceptible to cyhalofop-butyl at both stages of re-growth. However, this herbicide was

found to be ineffective against L. japonica.

3. Development of identification methods and assessment of the role of mesocotyl elongation on differences in
susceptibility to herbicides.

1) A key was produced to distinguish differences in the response of Beckmannia syzigachne (Steud.) Fernald
and Alopecurus aequalis Sobol. var. amurensis (Komar.) Ohwi seedlings to different herbicides.

Infestations of American sloughgrass, Beckmannia syzigachne (Steud.) Fernald have become a serious problem
in the winter cropping of barley and wheat in Fukuoka and Saga Prefectures. The morphology of American
sloughgrass seedling closely resembles the morphology of short-awned foxtail, Alopecurus aequalis Sobol. var.
amurensis Ohwi. The ability to distinguish between these two sprcies in an important consideration for predicting
the efficacy of herbicide application. Therefore, a key to distinguish American sloughgrass from short-awned foxtail
and morphological characteristics affecting differences in herbicidal efficacy between the two species were
investigated.

(1) By the end of March, American sloughgrass and short-awned foxtail were in the two to six leaf stages. At
this stage of development, the seedlings could be distinguished by the morphology of the spikelet or caryopsis at
the base of the plants. The roots of American sloughgrass were found to be white, and the roots of the short-awned
foxtail were reddish brown when desiccated. Root color was found to be a useful characteristics for distinguishing
between the American sloughgrass and short-awned foxtail seedlings.

(2) The number of surviving plants of both species was determined following the pre-emergence application of
thiobencarb+prometryn emulsifiable concentrate and granules, and trifluralin emulsifiable concentrate. Both of
these herbicides were given at the doses recommended by the manufacturers. In cases where both species were
found growing together, the efficacy of the herbicide treatment was overestimated for American sloughgrass, and
underestimated for short-awned foxtail. Clearly, correct identification of the two species is requested in order to
accurately predict the result of herbicide application.

2) Differences in mesocotyl elongation and susceptibility to dinitoroaniline herbicide between Beckmannia
syzigachne (Steud.) Fernald and Alopecurus aequalis Sobol. var. amurensis (Komar.) Ohwi.

Factors affecting the differences in susceptibility to dinitoroaniline herbicides between American sloughgrass (B.
syzigachne) and short-awned foxtail (Alopecurus aequalis var. amurensis) were investigated in relation to mesocotyl
elongation.

(1) The mesocotyl of American sloughgrass was found to be shorter (8 mm) than that of short-awned foxtail

(32 mm)in etiolated seedlings grown under dark conditions at 20°C. Differences in morphological characteristics
between the two species were also evident in shoot length which includes the plumule and mesocotyl.

(2) American sloughgrass seeds germinated when planted at depths greater than 15 mm. It was found that the
mesocotyle of American sloughgrass could not elongate by more than around 10 mm. In contrast, the mesocotyl
of the short-awnd foxtail was able to elongate allowing for the germination of seeds planted at much greater depth.

The growing point of the American sloughgrass seedlings were observed at depths up to 25 mm with a maximum
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depth distribution from 11 to 15 mm. Howver, in 50% of the cases, the growing point of the short-awned foxtail
was distributed to a depth of 5 mm.

(3) The efficacy of two dinitroaniline herbicides in the control of American sloughgrass and short-awned foxtail
sown at different depths was investigated following the pre-emergence application using the following herbicide
treatment regimes: trifluralin, 2.5% granules at a rate of 1.125 kg a.i. per ha, and pendimethalin, 2% micro-granules
at a rate of 1.2 kg a.7. per ha. The number of surviving plants increased with seeding depth for both species. When
American sloughgrass was treated with trifluralin, the number of surviving plants was larger than that of the short-
awned foxtail for the same seeding depth. By manupulating the depth at which the growing point was located

(instead of the seed depth), a significant relationship was found between the percentage of plants which survived
relative to to the control (Y%), and the depth of the growing point (X mm) as follows: Y=b+a (1/X)

For trifluralin

American sloughgrass Y=116.2-315.9 (1/X) r=0.862** (1)

Short-awned foxtail Y=119.9-350.2 (1/X) r=0.923** (2)
For pendimethalin

American sloughgrass Y=110.8-204.3 (1/X) r=0.840** (3)

Short-awned foxtail Y=114.6-179.3 (1/X) r=0.803** (4)

r: Coefficient of correlation with at 1% significance level (**) .

No significant differences were detected between the regression coefficients ¢ and b for the (1)- (2) and (3)-

(4) treatments as indicated by a t-test. These results show that the differences in the number of plants that
survived at various seeding depths were caused by the differences in the depth of the growing point between these
two grasses.

A control strategy for noxious Gramineous weeds that infest paddy fields in Japan was investigated. This study
has presented new methods for predicting the appropreate timing for herbicide application, which was found to vary
depending on the noxious species. New keys that can be used to accurately identify the target species will
undoubtedly contribute to improved methods for Gramineous weeds in paddy fields in Japan.

Keywords: accumulated efficient air temperature, Beckmannia syzigachne, Echinochloa colonum, Echinochloa spp.,

Gramineous weeds, key for species identification, leaf emergence, warming.





