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017 9May0 OO OCOO0OO00ODODOCOOO0OODOOCO

g0gooogooon

oooo 15 21 25 30 35 40
000 LAI (20cm)
0 004 + 001 007 = 001 033 + 012 055 + 006 119 + 022 281 + 028
oooo 001 + 000 003 = 001 008 + 002 025 + 004 069 + 011 133 + 012
oo 004 + 001 007 + 001 013 + 002 051 + 003 107 +017 222 + 059
oo 003 + 001 008 + 001 010 + 003 033 + 003 145 + 057 145 + 023
oooo 006 + 002 007 + 001 009 + 001 038 + 007 084 +017 198 + 012
ooo 0.02 + 000 010 + 001 025 + 005 088 + 017 137 +031 321 + 053
oooon 0.05 + 001 015 + 002 045 + 007 145 + 007 249 + 025 371 + 043
00 1520 0.02 + 000 009 + 001 017 + 004 048 + 003 117 +016 175 = 0.19
00110 0.06 + 001 013 + 002 065 + 037 092 + 006 137 + 013 240 + 022
Si Li Gu 0.06 + 001 022 + 004 036 + 002 084 + 013 168 + 017 247 + 027
oo 0.05+ 001 019 + 001 058 + 003 150 + 011 249 + 023 431 + 044
IR 36 003 + 001 006 + 001 013 + 003 025 + 002 036 + 005 138 + 0.9
Ooooi18 003 + 001 024 + 002 055 + 008 132 + 008 219 +030 308 + 0.37
Telorirana 0.04 + 001 016 + 001 037 + 008 111 + 012 127 +008 247 + 017
Dawn 003 + 000 007 + 001 016 + 003 042 + 006 106 + 008 164 + 011
Labelle 002+ 000 006 + 001 020 + 003 046 + 004 080 +002 152 + 021
ooooog (cm)
0 302 + 12 350 + 19 363 + 21 407 + 28 501 + 25 575+ 24
oooo 246+ 11 290 + 29 313 + 05 331 + 35 399 + 37 480 + 16
00 202+ 13 346 + 13 373 + 21 428 + 13 533 + 21 590 £ 22
ooQ 209+ 43 344 + 24 338 + 13 366 + 20 427 £ 22 473+ 22
oooo 274+ 24 303 + 19 338 + 32 360 + 25 433 + 18 528+ 15
000 278+ 12 337 + 26 338 + 26 396 + 15 473 + 22 575+ 24
oooo 344+ 21 454 + 20 458 + 39 539 + 24 642 £ 36 783 £ 22
0 01520 314+ 16 369 + 22 405 + 37 406 + 27 504 + 27 588 + 26
00110 324+ 23 415 + 25 440 + 39 478 + 34 507 £ 42 655+ 51
SiLiGu 343+ 39 431 + 29 480 + 78 503 + 21 566 + 38 710 = 45
0o 354+ 40 459 + 31 508 + 28 548 + 32 624 + 43 713 + 26
IR 36 269+ 27 335 + 20 365 + 50 373 + 24 411 + 30 478 + 32
0000 18 359+ 09 467 + 25 508 + 45 560 + 29 691 + 43 778 + 53
Telorirana 329+ 36 399 + 49 460 + 16 486 + 51 565 + 75 683 + 22
Dawn 291+ 15 356 + 34 433 + 35 441 + 24 533 + 33 635+ 13
Labelle 306+ 30 352 + 26 425 + 35 433 + 42 531 + 53 618 + 35
00000 (@/0)
0 51+ 25 139 + 42 155 + 24 257 + 75 280 + 65 350 + 43
oooo 20+ 07 89 + 32 118 + 46 174 + 64 248 + 67 255+ 39
oo 44+ 13 120 + 25 153 + 54 206 + 36 241 + 39 235+ 77
oo 35+ 07 131 + 30 163 + 21 254 + 54 344 + 71 320+ 92
oooo 30+ 07 89 + 29 125 + 26 174 + 53 242 + 68 298 + 55
ooo 36+ 05 105 + 16 148 + 33 208 + 24 254 + 33 268 + 55
oooo 40+ 09 106 + 18 153 + 22 212 + 27 258 + 35 288 + 40
0 0 1520 36+ 07 104 + 28 185 + 33 223 + 61 287 + 53 313 + 6.1
00110 31+ 10 86 + 21 113 + 15 156 + 50 228 + 66 270 + 22
Si Li Gu 66+ 11 145 + 34 200 + 41 277 + 28 323 + 31 320+ 37
oo 60+ 18 146 + 30 238 + 39 312 + 48 426 + 59 468 + 6.4
IR 36 30+ 07 89 + 22 143 + 15 212 + 60 323 + 82 323+ 30
0000 18 38+ 12 100 + 24 180 + 16 203 + 50 252 + 61 280 + 6.7
Telorirana 35+ 08 108 + 23 148 + 28 213 + 51 26.1 + 6.1 258 + 57
Dawn 32+ 08 67 + 26 95 + 17 115 + 34 146 + 45 190 + 18
Labelle 31+ 07 50 + 18 83 + 13 95 + 25 126+ 31 128+ 17
000000 (g/m?)
0 103+ 16 262 + 39 748 + 172 1217 + 329 1993 + 411 3173 + 411
oooo 79+ 12 1909 + 49 403 + 182 685 + 63 1294 + 429 1683 + 303
oo 103+ 11 223 + 07 514 + 50 1038 + 315 1619 + 40.6 2103 + 106.2
oo 117+ 36 318 + 111 579 + 170 972 + 102 1677 + 299 2225 + 72.9
oooo 122+ 29 244 + 29 429 + 38 746 + 102 1529 + 189 2096 + 17.4
ooo 112+ 28 298 + 87 634 + 156 1158 + 232 1791 + 846 256.8 + 112.1
oooo 120+ 21 318 + 62 890 + 234 1456 + 289 2783 + 460 3157 + 575
00 1520 81+ 11 243 + 50 735 + 258 1217 + 235 207.6 + 465 2192 + 354
00110 139+ 27 383 + 86 89 + 93 1501 + 207 2358 + 334 2981 + 44.2
Si Li Gu 146 + 32 506 + 145 1208 + 256 1536 + 199 2622 + 385 3234 + 20.3
oo 134 + 25 432 + 57 1116 + 255 1968 + 475 2589 + 130 3307 + 63.4
IR 36 90+ 20 174 + 46 438 + 113 834 + 75 1061 +40.7 1869 + 331
0000 18 122+ 26 428 + 62 1103 + 346 1739 + 428 2537 +59.7 3294 + 905
Telorirana 126+ 20 399 + 42 924 + 274 1577 + 277 1939 + 233 2535 + 24.4
Dawn 98+ 10 204 + 42 497 + 149 807 + 121 1577 + 85 2097 + 192
Labelle 78+ 18 163 + 56 412 + 90 687 + 7.4 1147 +127 1507 + 389

000 0000000+ 00000000
00 000000022200000000000000
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018 9QJuneDl 0000000 DOOOCOOOOODODOCODOOO

gooogooo

oo 15 21 25 30 35 42

LAIC 20cm]
0 007 + 001 016 + 005 038 + 003 119 + 016 212 + 018 0
oo 002 + 001 009 + 001 030 + 006 135 + 010 247 + 017 0
oo 006 + 001 016 + 001 028 + 009 126 + 010 234 + 023 0
afals 005 + 001 015 + 004 065 + 013 121 + 005 233 + 025 0
0o0oo 007 + 001 012 + 004 038 + 011 141 + 012 218 + 043 0
00 1520 005 + 001 016 + 002 053 + 006 124 + 009 201 + 020 0
00110 010 + 002 027 + 003 058 + 013 172 + 015 227 + 034 0
SiLi Gu 008 + 001 025 + 005 087 + 010 185 + 006 247 + 025 0
s 011 + 003 034 + 003 088 + 008 186 + 017 376 + 043 0
IR 36 001 + 000 009 + 002 026 + 002 081 + 012 200 + 033 0
0000 18 013 + 001 045 + 009 105 + 012 249 + 014 280 + 054 0
Telorirana 009 + 001 022 + 004 067 + 003 185 + 004 237 + 018 0
Dawn 005 + 001 019 + 003 051 + 008 161 + 011 211 + 028 0
Labelle 004 + 002 021 + 002 037 + 007 189 + 016 312 + 020 0

0o (cm)
0 310 + 12 345 + 19 428 + 21 568 + 28 703 = 68 798 + 44
0o 205 + 17 318 + 17 413 + 13 593 + 22 705 + 41 783 + 13
oo 320 + 18 310 + 14 413 + 13 525 + 06 585 + 24 670 + 34
afals 288 + 17 348 + 13 425 + 17 538 + 21 638 + 67 808 + 15
oooo 370 + 14 455 + 13 580 + 16 785 + 24 918 + 22 1110 + 18
00 1520 338 + 26 365 + 29 463 + 22 613 + 40 720 + 37 808 + 42
00110 360 + 18 410 + 26 490 + 29 653 + 22 710 + 08 825 + 17
SiLiGu 300 + 14 423 + 25 575 + 19 823 + 26 955 + 42 1148 + 22
oo 383 + 40 430 + 08 558 + 30 770 + 42 933 + 33 1168 + 50
IR 36 275 + 25 315 + 21 415 + 24 540 + 63 613 + 29 700 + 54
0000 18 415 + 21 478 + 25 635 + 13 898 + 46 1078 + 73 1240 + 24
Telorirana 368 + 17 370 + 50 518 + 39 738 + 39 873 + 69 1088 + 119
Dawn 345 + 17 355 + 10 480 + 36 628 + 36 808 + 33 913 + 30
Labelle 340 + 20 355 + 13 438 + 29 595 + 06 743 + 22 870 + 39

00 @/0)
0 85 + 10 165 * 21 193 + 31 208 + 39 218 + 34 183 = 29
oo 85 + 06 140 + 18 165 + 30 208 + 40 210 + 14 188 + 21
0o 95 + 21 188 + 21 240 + 24 260 + 41 268 + 43 268 + 22
alals 68 + 13 125 + 24 185 + 25 205 + 17 213 + 26 213 + 17
0ooo 73 + 19 140 + 29 175 + 26 260 + 20 165 + 33 160 + 26
00 1520 63 + 10 160 + 34 213 + 25 220 + 14 238 + 19 213 + 53
00110 70 + 08 130 + 42 148 + 36 223 + 17 183 + 21 175 + 25
Si Li Gu 73 + 25 173 + 32 225 + 50 250 + 08 240 + 53 200 + 34
oo 88 + 15 198 + 54 223 + 51 260 + 49 310 + 131 248 + 102
IR 36 85 + 26 228 + 54 255 + 42 285 + 57 300 + 14 308 + 49
0000 18 83 + 10 158 + 41 215 + 35 243 + 24 195 + 61 178 + 28
Telorirana 83 + 13 145 + 17 195 + 21 218 + 13 185 + 21 153 + 05
Dawn 53 + 10 95 + 06 118 + 22 130 + 22 128 + 10 115 + 17
Labelle 57 + 15 98 + 10 98 + 28 143 + 21 140 + 26 125 + 29

0oo (@/nd)
0 160 + 13 390 + 54 626 + 92 1304 + 213 2632 + 381 40L7 + 497
0o 167 + 32 347 + 19 638 + 131 1405 + 293 2756 + 364 4218 + 748
oo 156 + 32 408 + 40 904 + 142 1479 + 208 2726 + 423 4608 + 482
000 123 + 14 318 + 95 782 + 199 1358 + 102 2691 + 466 5083 + 538
oooo 183 + 43 494 + 82 1138 + 355 2728 + 164 3453 + 865 5211 + 726
00 1520 126 + 20 444 + 110 751 + 175 1410 + 87 2831 + 399 4812 + 683
00110 197 + 54 646 + 155 917 + 234 2038 + 276 3408 + 863 5239 + 97.9
SiLiGu 194 + 56 579 + 139 1245 + 121 2574 + 93 4029 + 920 6644 + 1387
oo 213 + 62 539 + 31 1058 + 85 2132 + 183 4299 + 1164 5447 + 752
IR 36 108 + 22 442 + 94 851 + 178 1483 + 355 2872 + 327 5051 + 89.1
0000 18 235 + 33 543 + 138 1144 + 72 2838 + 478 3700 + 1250 5576 + 106.9
Telorirana 29 + 15 564 + 59 1092 + 77 2334 + 187 3294 + 381 4581 + 300
Dawn 156 + 28 296 + 29 552 + 148 1312 + 237 2088 + 1350 4549 + 1218
Labelle 103 + 19 290 + 22 532 + 135 1269 + 263 2442 + 391 4081 + 999

000 0000000+ 00000000

00 000000022200000000000000
00 oooooood
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019 000O0OCOoO0oOo0oOoooCcoOoOooooebCoooooboOoCLO

2
ala OO0 (g/m)
98 May 99 May 99 June
O | 368 + 03 279 = 07
Ooog O 507 + 17 O
oo O 613 + 15 499 + 14
RN O 523 + 17 235 + 08
ao o OJ 645 + 10 O
gog 527 + 105 509 + 1.2 513 + 26
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Studies on Seasonal Changes in the Emergence of Annual
Broadleaved Weeds and the Ability of Rice Cultivars to
Suppress Them in Paddy Fields

Akira Koarai”

Summary

Herbicides effective against broadleaved weeds have been most widely used to control weeds in paddy rice
O Oryza sativa L.O production in Japan since the 1960s. Annual broadleaved weeds remain a serious problem,
however, due to the seed longevity in the soil, the variation of seasonal changes in the emergence and the
occurrence of herbicide-resistant biotypes. The objectives of this study were to investigate seasonal changes in
weed emergence in paddy fields, to identify herbicide-resistant biotypes of Monochoria vaginalisl] Burm. f.[0
Kunth, and to clarify the growth characteristics of paddy rice transplanted in early and normal seasons for

suppressing M. vaginalis.

[0 O Seasonal changes in the number and depth of emergence of annual broadleaved weed were investigated in
paddy soil. Such weeds infest Japanese paddy fields even after application of herbicides. Emergence patterns and
depth were determined for seedlings of M. vaginalis, Lindernia spp., Elatine triandra Schk. var. pedicellata Krylov,
Rotala indicall Willd.[l Koehne var. uliginosall Miq.[] Koehne, Ammannia multiflora Roxb., and Cyperus difformis
L. in paddy soils puddled and leveled in mid-April, May, June, and July 1990.

The number of seedlings increased as puddling was delayed from April to June for M. vaginalis, L. procumbens,
E. triandra and R. indica var. uliginosa, and to July for A. multiflora and C. difformis. Almost all species emerged
within 2 weeks after puddling. The emergence depth of seedlings, determined by the length of their underground
parts, generally corresponded to soil layers within 5.0 mm of the surface. These seedlings seldom emerged from
soil layers 5.0 to 7.0 mm deep. C. difformis emerged from deeper than other species. The number of seedlings
emerging from the upper 3.0 mm of soil increased with delay in puddling time. The number of seedlings
emerging from soil layers over 3.0 mm deep and the maximum emergence depth were constant when puddling

time was delayed.

[0 [0 The emergence of the above weed species was investigated in paddy soils under different moisture conditions
before puddling in mid-April, May, June, and July 1991 and 1992.

The number of emerging seedlings other than for M. vaginalis and R. indica var. uliginosa increased in dry
soils from April to puddling when puddling was delayed from April to July. The number of weeds remained
almost constant in highly moist soils from April to puddling when puddling was delayed from April to July. The
number was lower in highly moist soils during the 10-day period before puddling than in the previous case. The
number of M. vaginalis weeds was almost constant in paddy soils under different moisture conditions from April
to puddling. The number of R. indica var. uliginosa decreased in paddy soils under different moisture conditions
from April to puddling. Weed emergence patterns and depth were similar in paddy soils under different moisture

conditions from April to puddling.
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0 O A germination promoter for M. vaginalis was extracted from 100 g of unhulled rice or 20 g of rice hulls with
1,000 ml distilled water at 500 during 48 hours. Thereafter, water was filtered and diluted 2-fold with distilled
water and used for 0.5% agar culture media in plant boxes, in which M. vaginalis seeds were sown at 1 mm.
Distilled water was used for 0.5% agar culture media in boxes as untreated controls.

M. vaginalis seeds germinated well at incubation between 20 and 2500 in agar media of the water extract of
unhulled rice. Seminal roots were a maximum length at 3000 incubation in agar media. Seed germination of M.
vaginalis was great in agar media of the water extract of unhulled rice diluted 2 or 4 times[] by volumell and in
agar media of the water extract of rice hull diluted 2 times.

Seed germination and seminal root and cotyledon length of M. vaginalis were determined after seeds were
cultured in agar media consisting of the water extract of unhulled rice of 43 rice cultivars, including japonica and
indica types at 300 O lightO - 250 O dark(] during 7 days. The germination rate of M. vaginalis seeds in agar
media of untreated controls was 13.3%, while that in agar media of the water extract of unhulled rice of all
cultivars ranged from 78.3% to 96.7%. Seminal roots of M. vaginalis seedlings were longer in agar media of the
water extract of unhulled rice of all cultivars except for 3, compared to media of untreated controls. Cotyledons of
M. vaginalis seedlings grew longer in agar media of the water extract of unhulled rice cultivars than in media of

untreated controls.

0 O Susceptibility of M. vaginalis to bensulfuron-methyl was investigated in strains collected from 15 paddy fields
in Akita, Ibaraki, and Gifu Prefectures in eastern Japan, where the species grows profusely. Susceptibility was
assayed based on the effect of the application of bensulfuron-methyl on the seminal root length in agar media. M.
vaginalis seedlings raised from seeds collected from a paddy field in Kyowa, Akita Prefecture, and from 3 paddy
fields in Miho, Ibaraki Prefecture, were found to be resistant to bensulfron-methyl, where combination products
of sulfonylurea herbicides had been applied for more than 3 consecutive years. However, the resistant biotype of
M. vaginalis was controlled by mefenacet and pretilachlor in the agar culture medium test. The biotype of M.
vaginalis resistant to bensulfuron-methyl displayed cross-resistance to other sulfonylurea herbicides in pot
experiments. A combination of sulfonylurea herbicides including mefenacet, pretilachlor or benthiocarb, and
pyrazolate controlled the sulfonylurea-resistant biotype of M. vaginalis effectively when herbicides were applied at

the one-leaf stage in pot experiments.

0 O Field experiments involving 8 cultivars were conducted in 1998 and 16 cultivars in 1999 to study the ability
of rice to suppress M. vaginalis through light competition. Dry weights of M. vaginalis shoots in early season
culture exceeded those in normal season culture of all rice cultivars. The relative photosynthetic photon flux
density[] R-PPFD[], calculated as the ratio of the photosynthetic photon flux densityl] PPFDO below the rice
canopy to that measured above the rice canopy, varied with the cultivar. A strong linear correlation was observed
between the mean R-PPFD 29-35 days after transplantingl] DATT] r’=0.80; p<0.01 in 1998; r’=0.63, p<0.001; and
r’=0.93, p<0.001 in 19990 or 3642 DATI r’=0.66, p<0.05 in 1998; r’=0.72, p<0.001; and r’=0.97, p<0.001 in 19991]
and the dry weight of M. vaginalis shoots at roughly 60 DAT. Data from the 3 experiments was pooled into 1
regression line because intercepts and regression coefficients did not differ significantly. r’ of combined
regression was highest when R-PPFD was expressed as the mean of measurements during 14 days from 29 to
42 DAT; r’=0.81, p<0.0011] The shortest period for measuring mean R-PPFD to obtain a meaningful relationship
with M. vaginalis shoot dry weight was 7 daysO from 29 to 35 DAT; r*=0.78, p<0.0010 For that same period,
relationships between M. vaginalis shoot dry weight at 60 DAT and the rice tiller number or leaf area index] LAI[]

at ground level were weak. We found a negative relationship between M. vaginalis shoot dry weights at 60 DAT
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and rice LAI measured 20 cm above the ground, plant heights, and rice shoot dry weight, but these coefficients of
determination were smaller than those calculated by R-PPFD for the same period. Thus, the ability of rice to
suppress M. vaginalis is evaluated most accurately by measuring mean R-PPFD below the rice canopy for 7 days

O from 29 to 35 DATO than by measuring rice LAI, plant height, or shoot dry weight.

[ 0 Our results should help improve paddy weed management for sustainable agriculture in Japan.



