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Study on the Response of Weed Species to
Paraquat Absorbed Through Root System
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ABSTRACT

These researches have been conducted to obtain the basic information of the effects of paraquat
on plant species and to screen the plant species showing specific responses to paraquat. Paraquat
resistance related to ecotype and overwintering capacity. Perennial and biennial species showed
higher resistance than annual species. In a family, most species showed higher resistance were
overwintering species. Lamiaceae, Brassicaceae, and Caryophyllaceae were tolerant to paraquat,
whereas Poaceae and Asteraceae were sensitive. Especially Mosla dianthera of Lamiaceae, Hemi-
stepta lyrata and Aster pilosus of Asteraceae, and Paspalum thunbergii of Poaceae showed higher
tolerance than others. The response patterns of plant species on germination stage were different
to those on vegetative stage. Germination of Amararhus lividus, Arabis glabra, and Bidens frondosa

was not inhibited by paraquat. But their seedling growth were highly inhibited.
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Table 1. Effects of paraquat treatment on the visual injury rate, plant height, fresh weight and relative
chlorophyll content of tested plants.

Visual injury Plant heightcm) Fresh weight(g) Chlorophyll”

Species “ Ecotype
rate Control Treated Control Treated Control Treated

Setaria faberi 10 65.3 - 34 - 209 - annual
Panicum bisulcatum 8 49.5 - 5.6 - 28.0 - annual
Setaria glauca 10 107.7 - 12.4 - 244 - annual
Echinochloa crus-galli var. praticola 9 68.7 - 3.8 - 17.8 - annual
Panicum dichotomiflorum 9 56.4 - 32 - 27.7 - annual
Digitaria violascens 7 52.8 - 12.5 - 29.5 - annual
Digitaria sanguinalis 10 103.3 - 1.9 - 248 - annual
Orvza sativa 7 38.2 - 1.7 - 30.7 - annual
Zea mays 10 88.1 - 17.0 - 234 - annual
Eleusine indica 9 82.6 - 279 - 34.1 - annual
Arthraxon hispidus 10 42.4 - 1.1 - 355 - annual
Agropyron tsukushiense var. transiens 8 372 - 0.9 - 21.7 - biennial
Avena sativa 10 90.1 - 15.3 - 31.1 - biennial
Alopecurus aequalis var. amurensis 7 55.5 - 2.7 - 21.1 - biennial
Triticum aestivum 10 56.8 - 4.1 - 242 - biennial
Hordeum vulgare 10 59.5 - 34 - 18.7 - biennial
Agropyron ciliare 9 39.4 - 2.6 - 269 - biennial
Eragrostis ferruginea 3 45.5 - 4.5 - 289 - perennial
Pennisetum alopecuroides 7 107.3 - 4.9 - 34.2 - perennial
Paspalum thunbergii 1 51.1 26.7( 52) 34 02( 6) 279 12.8( 46) perennial
Cvyperus sanguinolentus 6 544 - 11.5 - 248 - annual
Cyperus iria 6 61.3 - 6.6 - 369 - annual
Commelina communis 7 108.5 - 318 - 46.5 - annual
Allium fistulosum 2 435 42.7( 98) 22 1.3( 59) 444 22.6( 51) perennial
Humulus japonicus 2 89.0 - 4.3 - 68.7 - annual
Persicaria blumei 8 66.5 - 7.4 - 38.1 - annual
Persicaria thunbergii 8 86.8 - 18.4 - 38.8 - annual
Persicaria hydropiper 4 88.6 - 12.9 - 337 - annual
Persicaria lapathifolia 10 89.8 - 28.8 - 422 - annual
Persicaria orientalis 9 92.6 - 209 - 39.7 - annual
Rumex crispus 8 39.2 - 9.1 - 238 - perennial
Chenopodium album var. centrorubrum 5 36.6 - 3.6 - 403 - annual
Chenopodium ficifolium 10 442 - 39 - 44.5 - annual
Chenopodium glaucum 8 37.7 - 52 - 349 - annual
Amaranthus lividus 10 36.7 - 3.0 - 37.8 - annual
Achyranthes japonica 7 532 - 7.4 - 327 - perennial
Portulaca oleracea 3 139 11.0( 79) 09 09(100) 233 159( 68) annual
Arenaria serpyllifolia 2 12.8 - 0.7 - 21.2 - biennial
Stellaria aquatia 3 38.0 295( 78) 3.0 0.7( 24) 185 14.7( 79) biennial
Ranunculus sceleratus 10 17.4 - 0.6 - 21.8 - biennial
Chelidonium majus var. asiaticum 6 29.5 - 2.4 - 18.9 - biennial
Capsella bursa-pastoris 8 43 - 0.4 - 21.6 - biennial
Raphanus sativus 6 24.5 - 7.2 - 17.9 - biennial
Arabis glabra 3 7.3 7.3100) 0.6 0.8(140) 25.0 18.8( 75) biennial
Lepidium virginicum 3 28.5 20.2( 71) 1.1 0.5( 45) 33.0 31.1( 94) biennial
Rorippa indica 3 48.8 - 4.3 - 274 - perennial
Potentilla kleiniana 4 238 53(22) 121 0O.1( 5) 30.1 22.7(75) perennial

The data in the parenthesis is percent of control
The concentration of paraquat, was 0.5mM.
’ the rating conducted at 7 days after treatment of paraquat. O:dead, O:intact
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Table 1. Continued.

Visual injury Plant height(cm) Fresh weight(g)  Chlorophyll”
Species o, Ecotype
rate Control Treated Control Treated Control Treated

Potentilla paradoxa 4 29.0 - 23 - 30.8 - perennial
Phaseolus radiatus 10 49.9 - 8.3 - 40.6 - annual
Glycine soja 2 65.9 - 4.2 - 439 - annual
Kummerowia striata 4 26.4 - 0.7 - 21.0 - annual
Aeschynomene indica 9 39.0 - 8.0 - 25.6 - annual
Glycine max 6 100.1 - 31.0 - 329 - annual
Astragalus sinicus 10 22.0 - 39 - 31.5 - biennial
Trifolium repens 8 335 - 21 - 434 - perennial
Acalypha australis 5 85.8 - 15.7 - 419 - annual
Abutilon avicennae 3 37.0 22.7(61) 29 09(30) 289 29.0(100) annual
Lythrum anceps 4 972 23.5(24) 190 0.5(3) 313 158( 50) perennial
Oenothera odorata 2 205 - 2.7 - 34.7 - biennial
Anethum graveolens 6 97.7 - 9.7 - 250 - annual
Perilla frutescens var. japonica 2 68.1 - 27.7 - 39.5 - annual
Mosia dianthera 1 546 22.8(42) 5.8 3.8(65) 340 37.4(110) annual
Leonurus sibiricus 4 275 - 36 - 409 - biennial
Solanum nigrum 10 96.7 - 16.9 - 33.8 - annual
Datura stramonium 9 55.1 - 11.6 - 30.6 - annual
Lycopersicon esculentum 8 88.4 - 56.8 - 428 - annual
Nicotiana tabacum 8 572 - 404 - 403 - perennial
Sesamum indicum 9 45.3 - 8.3 - 322 - annual
Plantago asiatica 2 155 8.7(56) 3.1 09129 279 29.5(106) perennial
Galium spurium 10 68.1 - 1.6 - 21.0 - biennial
Cucumis melo var makuwa 10 145.8 - 322 - 31.1 - annual
Bidens tripartita 10 71.4 - 17.4 - 49.6 - annual
Bidens bipinnata 10 74.9 - 11.3 - 41.7 - annual
Ambrosia artemisifolia 10 118.1 - 227 - 40.0 - annual
Bidens frondosa 10 124.2 - 519 - 38.2 - annual
Ambrosia trifida 9 102.8 - 36.9 - 414 - annual
Galinsoga parviflora 10 59.6 - 6.4 - 30.1 - annual
Erechitites hieracifolia 7 563 - - 8.0 - 229 - annual
Siegesbeckia glabrescens 10 56.6 - 20.5 - 329 - annual
Siegesbeckia pubescens 9 73.8 - 19.8 - 40.9 - annual
Eclipta prostrata 4 559 - 137 - 50.6 - annual
Erigeron annuus 9 12.6 - 35 - 34.1 - biennial
Senecio vulgaris 7 55.2 - 33 - 21.1 - biennial
Youngia denticulata 2 75 6.1(81) 02 0.1(50) 17.8 17.8(100) biennial
Erigeron canadensis 7 7.2 - 0.2 - 28.3 - biennial
Sonchus oleraceus 10 62.1 - 6.0 - 19.9 - biennial
Lactuca sativa 9 74.6 - 14.7 - 10.0 - biennial
Lactuca indica 10 389 - 29 - 27.3 - biennial
Hemistepta lyrata 1 17.7 - 22 - 24.5 - biennial
Cirsium setidens 6 14.4 - 1.5 - 15.9 - perennial
Aster pilosus 1 514 92(18) 391 0.6( 2y 39.1 33.3( 85 perennial
Taraxacum platycarpum 7 347 - 23 - 325 - perennial
Artemisia princeps var. orientalis 10 303 - 2.5 - 27.8 - perennial
Ixeris dentata var. albiflora 0 13.7 10.0(73) 0.6 0.4(58) 272 22.1( 81) perennial




Table 2. The cumulated visual injury rate of tested plant species by treatment of paraquat with 0.5mM.

Species Visual injury Species Visual injury*
Setaria faberi 53.7 Potentilla paradoxa 58.8
Panicum bisulcatum 90.3 Phaseolus radiatus 95.6
Setaria glauca 95.6 Glycine soja 51.4
Echinochloa crus-galli 90.4 Kummerowia striata 26.1
Panicum dichotomiflorum 88.0 Aeschynomene indica 83.9
Digitaria sanguinalis 70.9 Glycine max 46.9
Digitaria violascens 94.5 Astragalus sinicus 91.2
Oryza sativa 39.0 Trifolium repens 75.6
Zea mays 92.4 Acalypha australis 57.8
Eleusine indica 82.9 Abutilon avicennae 482
Arthraxon hispidus 94.6 Lythrum anceps 325
Agropyron tsukushiense 62.2 Oenothera odorata 342
Avena sativa 95.6 Anethum graveolens 68.0
Alopecurus aequalis . 378 Perilla frutescens 20.4
Triticum aestivum 933 Mosla dianthera 203
Hordeum vulgare 90.0 Leonurus sibiricus 314
Agropyron ciliare 88.0 Solanum nigrum 88.9
Eragrostis ferruginea 422 Datura stramonium 85.8
Pennisetum alopecuroides 394 Lyvcopersicon esculentum 80.5
Paspalum thunbergii 211 Nicotiana tabacum 20.8
Cyperus sanguinolentus 49.2 Sesamum indicum 74.1
Cyperus iria 75.9 Plantago asiatica 14.1
Commelina communis 70.1 Galium spurium 81.7
Allium fistulosum 19.0 Cucumis melo 58.6
Humulus japonicus 44.8 Bidens tripartita 89.3
Persicaria blumei 90.3 Bidens bipinnata 93.3
Persicaria thunbergii 84.3 Ambrosia artemisifolia 95.6
Persicaria hydropiper 90.5 Bidens frondosa 89.2
Persicaria lapathifolia 93.3 Ambrosia trifida 87.0
Persicaria orientalis 88.4 Galinsoga parviflora 93.6
Rumex crispus 89.3 Erechitites hieracifolia 64.6
Chenopodium album 60.3 Siegesbeckia glabrescens 89.3
Chenopodium ficifolium 67.7 Siegesbeckia pubescens 87.3
Chenopodium glaucum 91.3 Eclipta prostraia 54.5
Amaranthus lividus 87.8 Erigeron annuus 86.9
Achyranthes japonica 81.0 Senecio vulgaris 82.7
Portulaca oleracea 9.3 Youngia denticulata 10.5
Arenaria serpyllifolia 19 Erigeron canadensis 253
Stellaria aquatia 4.6 Sonchus oleraceus 86.8
Ranunculus sceleratus 90.3 Lactuca sativa 82.2
Chelidonium majus 923 Lactuca indica 90.1
Capsella bursa-pastoris 21.8 Hemistepta lyrata 9.4
Raphanus sativus 66.9 Cirsium setidens 729
Arabis glabra 133 Aster pilosus 6.2
Lepidium virgnicum 31.1 Taraxacum platycarpum 77.6
Rorippa indica 333 Artemisia princeps 91.2
Potentilla kleiniana 41.6 Ixeris dentata var. albiflora 27.0

"': the cumulated visual injury rate(CVIR) were counted for 34 days with 2days interval.
17 > injury rate(IR) of 1st day+6xIR of 3rd day+---+1xIR of 34th day

17
3 (k 10)
k=1

CVIR= x 100
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Table 3. Changes of fresh weight of aerial part by paraquat treatment with different concentration.

. Concentration(mM)
Species
Control 0.05 0.25 0.5
Fress weight(g) - -
Digitaria sanguinalis 32 3.9(120) 3.4(106) -
Paspalum thunbergii 31 1.4( 45) 1.8( 56) -
Amaranthus lividus 12.3 - - -
Arenaria serpyllifolia 0.7 0.6( 95) 0.5( 70) -
Stellaria aquatica 0.5 0.3( 7 0.6(121) 0.2( 43)
Arabis glabra 1.5 0.7( 47) 0.8( 53) 0.6( 37)
Rorippa indica 2.0 3.5(178) 1.5( 75) -
Glycine soja 4.8 4.9(101) 4.0( 82) -
Oenothera odorata 35 1.8( 52) 2.5(72) 0.8( 23)
Mosia dianthera 34 2.8( 83) 1.6( 49) 2.3( 67)
Solanum nigrum 5.7 3.2( 56) - -
Bidens bipinnata 93 7.4( 79) - -
Bidens frondosa 223 26.4(118) 6.8( 31) -
Galinsoga parviflora 6.4 2.7( 42) 2.1( 33) -
Siegesbeckia glabrescens 10.1 4.3( 43) 2.6( 26) -
Youngia denticulata 1.1 0.4( 38) 0.1( 9) -
Sonchus oleraceus 8.8 6.1( 69) 3.3( 37) -
Hemistepta lyrata 35 2.0¢ 55) 1.7( 49) -
Aster pilosus 4.0 1.9( 46) 1.3( 32)
Artemisia princeps 3.1 1.0( 31) 1.0( 32)

The data in the parenthesis is percent of control.
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Table 4. Effects of paraquat treatment with different concentration on the shoot length of plant species.

) Concentration(mM)
Species
Control 0.05 0.25 0.5
Shoot length(cm)

Digitaria sanguinalis 83.1 69.7( 84) 59.7( 72) -
Paspalum thunbergii 354 25.6( 72) 31.8( 90) 24.5( 69)
Amaranthus lividus 59.5 - - -
Arenaria serpyllifolia 1.2 7.2( 64) 7.3( 65) -
Stellaria aquatica 11.6 8.4( 72) 10.6( 92) 7.4( 64)
Arabis glabra 6.4 5.1( 80) 5.0( 78) 4.5( 70)
Rorippa indica 33.7 36.5(108) 28.0( 83) -
Glycine soja 659 57.3( 87) 60.7( 92) -
Oenothera odorata 149 14.5( 97) 14.4( 96) 7.8( 52)
Mosla dianthera 48.6 33.9( 70) 29.1( 60) 25.5( 53)
Solanum nigrum 23.6 20.3( 86) - -
Bidens bipinnata 599 60.9(102) - -
Bidens frondosa 75.3 78.0(104) 64.9( 86) 46.3( 62)
Galinsoga parviflora 59.9 47.6( 79 40.2( 67) -
Siegesbeckia glabrescens 51.8 42.0( 81) 29.8( 58) 14.9( 29)
Youngia denticulata 7.8 4.7( 59) 3.1( 40) -
Sonchus oleraceus 43.3 35.8( 83) 48.7(112)
Hemistepta lyrata 16.1 14.0( 87) 1210 75)
Aster pilosus 20.7 16.2( 78) 12.8( 62)
Artemisia princeps 18.5 13.8( 75) 13.1( 71)

The data in the parenthesis is percent of control.



Table 5. Effect of paraquat treatment on the germination and seedling growth of plant species.

Species Concent- Germination Germination Root Shoot

_ ration(mM) percentage velocity(WGP) length length

(%) S, - em - - .

Digitaria sanguinalis control 94.3a 72.8a 3.05a 237
0.05 33.0b 16.4b 0.00b 0.14b

0.25 0.0c 0.0c 0.00b 0.00b

0.5 0.0c 0.0c 0.00b 0.00b

Paspalum thunbergii control 35.7a 17.3a 2.20a 2.70a
0.05 39.3a 18.9a 0.68b 0.73b

0.25 10.7b 5.1b 0.00¢ 0.00c

0.5 57 1.8b 0.00c¢ 0.00c

Amaranthus lividus control 97.7a 83.1b 2.67a 1.72a
0.05 98.0a 81.8b 1.18b 0.86b

0.25 99.7a 84.9a 0.70c 0.26¢

0.5 96.7a 77.8¢ 0.16d . 0.17¢

Arenaria serpyllifolia control 96.0a 80.5a 0.84a 0.77a
0.05 91.7a 62.8b 0.00b 0.00b

0.25 28.8b 28.0c 0.00b 0.00b

0.5 1.9¢ 1.3d 0.00b 0.00b

Stellaria aquatica control 20.0a 10.5b 0.37a 1.53a
0.05 33.0a 18.3a 0.21b 1.13b

0.25 26.0a 11.9ab 0.15b 0.47¢c

0.5 19.3a 8.3b 0.11b 03lc

Arabis glabra control 97.3a 54.5a 0.75a 0.49a
0.05 97.3a 57.2a 0.46b 0.45a

0.25 96.7a 50.9b 0.11c 0.03b

0.5 97.0a 50.7b 0.06c 0.00b

Rorippa indica control 22.0a 11.2a 0.17a 0.71a
0.05 0.0b 0.0b 0.00b 0.00b

0.25 0.0b 0.0b 0.00b 0.00b

0.5 0.0b 0.0b 0.00b 0.00b

Glycine soja control 73.3a 56.8a 3.63a 2.07a
0.05 84.0a 60.9a 2.03b 2.19a

0.25 80.0a 60.9a 1.56b 1.93a

0.5 68.7a 51.8a 1.48b 1.56a

Kummerowia striata control 59.3ab 18.5b 2.20a 3.03a
0.05 55.0ab 22.0a 1.61b 2.80a

025 54.7b 23.8a 0.96¢ 2.95a

0.5 60.3a 22.6a 0.95¢ 2.52b

Oenothera odorata control 23.3a 11.6a 1.33a 1.09a
0.05 26.7a 13.2a 0.42b 0.77a

0.25 12.0b 5.8b 0.20b 0.39

0.5 9.0b 4.9b 0.09b 0.19¢

Mosla dianthera control 21.0a 13.6a 1.46a 1.42a
0.05 16.3ab 9.8b 0.34b 0.71b

0.25 12.3b 7.3b 0.20bc 0.46b

0.5 5.7c 3.0c 0.13¢ 0.llc

The same letters of a species in a column are not significantly different at 5% level.
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Table 5. Continued.

Species Concent- Germination Germination Root Shoot
ration(mM) percentage velocity(WGP) length length
(%) : : cm
Solanum nigrum control 44.0a 24.1a 1.13a 1.87a
0.05 36.0ab 22.3ab 0.13b 0.20b
0.25 22.0b 12.4c 0.10b 0.20b
0.5 20.7b 13.6bc 0.10b 0.10c
Bidens bipinnata control 95.3a 76.6a 11.13a 3.75a
0.05 98.7a 76.6a 1.77b 3.66a
0.25 83.3b 63.9b 0.72bc 1.00b
05 76.7b 58.9b 0.64¢ 0.69b
Bidens frondosa control 98.7a 98.0a 3.97a 2.75a
0.05 100.0a 98.7a 1.18b 2.80a
0.25 99.3a 98.0a 0.49¢ 2.15b
0.5 100.0a 96.7a 0.36¢ 2.05b
Galinsoga parviflora control 58.3a 40.0a 1.08a 1.20a
0.05 24.3b 19.1b 0.00b 0.00b
0.25 13.7¢ 10.7¢ 0.00b 0.00b
0.5 4.0d 3.1d 0.00b 0.00b
Siegesbeckia glabrescens control 49.0a 34.5a 3.00a 2.30a
0.05 48.0a 32.2a 0.65b 1.40b
0.25 47.7a 31.6a 0.32b 1.20b
0.5 30.0b 21.5b 0.33b 091c
Youngia denticulata control 73.0a 58.2a 0.84a 1.09a
0.05 59.3b 49.4b 0.00b 0.00b
0.25 38.0c 31.8¢c 0.00b 0.00b
0.5 6.0d 5.1d 0.00b 0.00b
Sonchus oleraceus control 44.3a 34.2a 2.40a 1.89a
0.05 23.3b 21.1b 0.23b 0.83b
0.25 13.3¢c 13.3¢ 0.00b 0.07¢
05 13.7¢ 13.7¢ 0.00b 0.00¢
Lactuca indica control 44.7a 29.4a 1.98a 1.24a
0.05 35.3b 23.1b 0.27b 091b
0.25 11.0¢ 7.6¢ 0.05b 0.16¢
0.5 5.3¢ 3.3c 0.00b 0.00c
Hemistepta lyrata control 95.3a 75.1a 0.93a 1.51a
0.05 88.0ab 70.2ab 0.19b 0.56b
0.25 83.0ab 63.2bc 0.00¢ 0.00¢
0.5 76.0b 55.0c 0.00c 0.00¢
Aster pilosus control 61.0a 34.6a 0.74a 0.82a
0.05 21.0b 13.9b 0.00b 0.00b
0.25 7.0c 4.1c 0.00b 0.00b
0.5 7.0c 3.6¢ 0.00b 0.00b
Artemisia princeps control 35.3a 16.8a 0.45a 1.08a
0.05 16.0b 6.9b 0.00b 0.00b
0.25 3.3¢ 1.4c 0.00b 0.00b
0.5 0.3d 0.1d 0.00b 0.00b
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