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Phytotoxicity and Their Symptoms
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Abstract

The minimum concentrations of organic solvents inducing phytotoxicity were investigated
after spraying or flooding solvent solutions to annual plants.

In the foliar treatment of upland test,

solvents with high-boiling point or low-polarity

induced severe phytotoxicity. Especially, aromatic solvents induced severe phytotoxicity.
The most sensitive plant to phytotoxXicity was soybean.

In the pre-emergence treatment of upland test, the solvents with high-boiling point only

induced phytotoxicity at high concentration.

The degree of phytotoxicity induced by foliar spray in the condition of paddy field was
similiar to that of upland test, but in the pre-emergence test, the former was more severe
than the latter. Among 6 treatments, phytotoxicity induced by solvents was most severe in
the pre-emergence test under the condition of flooding paddy field. Generally, alcohols ind-
uced severe phytotoxicity, especially, ethanol at 0.001%.
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Table 1. Scientific name and abbreviation of test plants

Scientific name

Abbreviation Korean name English name

GLXMX Glycine mazxz(L.) MERR. Z Soybean

AESIN Aeschynomene indica L. A Z Indian jointvetch

AMAYVI Amaranthus viridis L. ) & Pigweed

LACSA Lactuca sativa L. A Lettuce

ZEAMX Zea mays L. LT Corn

TRZAW Triticum aestivum L. ul Wheat

DIGCI Digitaria ciliaris(RETZ.) KOEL. u} o] Carbgrass

ALOAE Alopecurus aeqularis var. amurensis SAZ Water foxtail
(KOMAR.) OHWI

ORYSA Oryza sativa L. E Rice

ECHOR Echinochloa crus-galli var. 745 Barnyardgarss
oryzicola(VASING.) OHWI

CYPIR Cyperus iria L. e ] Rice flatsedge

ANEKE Aneilema keisak HASSK, Abek £ Dayflower

CYPDI Cyperus difformis L. a5 Ako] Smallflower flatsedge

MOOVA Monochoria vaginalis(BURM.f)PRESL. &7 1] Monochoria

ROTIN Rotala indica(WILLD.) KOEHNE ujc) & Toothcup
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Table 2. The minimum concentration of solvents inducing phytotoxicity(%)
(upland, post-emergence, foliar application)

No. Solvents GLXMX AESIN AMAVI LACSA ZEAMX TRZAW DIGCI ALOAE
* 1 Ethyl ether — — — 10 100 100 — —
* 2 Dichloromethane 50 50 50 10 1 50 50 50

3 Petroleum ether 10 — 100 10 100 10 100 -
*4 Acetone 100 100 100 100 50 100 100 100
5 Chloroform 5 5 5 50 5 50 5 50
* § Methanol - 100 100 100 50 100 100 50
* 7 Tetrahydrofuran 100 100 100 100 50 100 50 100
8 n-Hexane 10 10 100 100 100 10 100 100
g Carbon tetrachloride 10 5 5 5 5 10 5 50
*10 Ethyl acetate 10 10 10 10 10 10 100 10
*11 Ethanol 100 50 100 100 50 100 50 50
*12 Methyl ethyl ketone 100 100 — 100 100 100 100 —
13 Benzene 5 5 5 5 5 1 5 50
*14  Acetonitrile 100 100 100 100 50 100 — 100
*15 2-Propanol 10 100 100 100 100 10 100 100
*16 tert-Butanol 100 - 100 100 100 100 100 100
17 1, 2-Dichloroethane 100 10 10 100 10 100 10 100
18 n-Heptane 10 100 100 100 10 100 100 100
19 Isocctane 100 100 100 100 100 100 100 100
*20 Dioxane 100 100 100 100 50 100 100 100
21 Toluene 10 10 100 100 10 10 100 100
*22  Pyridine 100 100 100 100 100 100 100 100
*¥93 Methy! isobutyl ketone 10 10 50 50 10 10 50 50
*24 1-Butanol 10 100 100 100 100 10 100 100
*95 2-Methoxyethanol 10 100 100 100 100 100 100 100
26 Chlorohenzene 1 5 5 5 0.5 1 1 5
#27 2-Ethoxyethanol 50 50 50 50 50 50 50 50
28 m-Xylene 5 5 0.5 0.5 0.5 5 5 5
29 Styrene 1 1 1 1 1 1 10 10
#30 N, N-Dimethylformamide 10 50 50 50 50 10 50 10
*¥31 Cyclohexanone 5 5 5 10 5 5 5 50
*32 Propylene glycol 10 10 100 100 100 100 10 10
*33 Dimethyl sulfoxide 5 5 10 10 5 5 5
*#34 Ethylene glycol 10 5 50 50 5 5 5 5
*35 Isophorone 1 5 5 1 5 1 5 5
36 Kerosene 100 100 10 100 100 100 100 100
37 Methylnaphthalene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5
*36 Diethylene glycol 100 10 100 100 10 10 10 10

* ; Solvents soluble in water over than one percent.
— : No Phytotoxicity was observed.
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Fig. 1. Relationship between the boiling points
and the minimum concentrations of solvents in-
ducing phytotoxicity to soybean.
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Table 3. The minimum concentration of solvents inducing phytotoxicity(%)
(upland, pre-emergence, soil application)

No. Solvents GLXMX AESIN AMAVI LACSA ZEAMX TRZAW DIGC! ALOAE
22 Pyridine 100 100 100 100 — 100 100 100
25 2-Methoxyethanol 1 10 10 10 10 10 10 10
27 2-Ethoxyethanol 10 1 1 1 10 10 1 1
28 m-Xylene — 100 100 100 100 100 100 -
29 Styrene 100 — 100 100 100 100 — —
32 Propylene glycol 100 100 100 100 100 100 100 100
33 Dimethylsulfoxide 100 10 10 10 10 10 10 10
34 Ethylene glycol 100 100 100 100 100 100 100 10
35 Iscphorone 10 10 10 10 10 10 10 10
36 Kerosene 100 100 100 100 100 100 100 100
37 Methyl naphthalene 10 100 10 10 10 10 10 100
38 Diethylene glycol 10 10 10 100 10 10 10 10

No phytotoxicity was observed in other solvents at all concertrations tested.
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Table 4, The minimum concentration of solvents inducing phytotoxicity(%)
(dry paddy field, post-emergence, foliar application)

No. Solvent ORYSA ECHOR CYPIR ANEKE
1 Ethyl ether 10 100 100 100
2 Dichloromethane 10 10 10 10
3 Acetone — 100 100 -
4 Chloroform 10 10 10 10
5 Methanol 100 — — 0
6 Tetrahydrofuran — 100 — -
7 n-Hexane 100 100 10 100
8 Carbon tetrachloride 10 10 10 10
9 Ethyl acetate 100 100 100 —

10 Ethanol — — 100 100

11 Methyl ethyl ketone 100 100 100 —

12 Benzene 100 10 100 100

13 Acetonitrile — — — —

14 2-Propanol 100 100 100 100

15 tert-Butanol 100 100 100 100

16 1, 2-Dichloroethane 10 10 100 10

17 n-Heptane 100 10 10 100

18 Isooctane 10 10 10 10

19 Dioxane 100 100 — -

20 Toluene 100 10 10 10

21 Methyl isobutyl ketone 10 10 100 100

22 1-Butanol 100 100 100 100

23 2-Methoxyethanol 1 1 10 10

24 Chlorobenzene 1 1 10 1

25 2-Ethoxyethanol 100 10 100 10

26 m-Xylene 10 10 10 10

27 Styrene 1 1 10 1

28 N, N-Dimethylformamide 10 10 10 10

29 Cyclohexanone 10 10 100 10

30 Propylene glycol 1 10 10 10

31 Dimethyl sulfoxide 1 1 1 1

32 Ethylene glycol 1 1 1 10

33 Isophorone 1 10 10 10

34 Methylnaphthalene 1 1 1 1

35 Diethylene glycol 1 1 10 10

No phytotoxicity was observed in other solvents at all concertrations tested.
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Fig. 2. Relationship between the boiling points Fig. 8. Relationship between the boiling points
and the minimum concentrations of solvents in- and the minimum concentrations of solvents
ducing phytotoXicity to rice. inducing phytotoxicity to smallflower flastsedge.

Table 5. The minimum concentration of solvents inducing phytotoxicity(%
(dry paddy field, pre-emergence, soil application)

No. Solvent ORYSA ECHOR CYPIR ANEKE
4 Cholroform 100 — — -
10 Ethanol — — 100 —
12 Benzene 100 — — —
17 n-Heptane 100 — — —
18 Isooctane 100 — _— —
21 Methy! iscbutyl ketone 100 - — —
22 1-Butanol 100 -— 100 100
23 2-Methoxyethanol 1 10 10 1
24 Chlorobenzene 100 — — —
25 2-Ethoxyethanol 10 10 10 10
26 m-Xylene 100 100 - —
27 Styrene 100 100 — -
28 N, N-Dimethylformamide 100 100 — —
29 Cyclohexanone 100 — 100 100
30 Propylene glycol 100 10 100 100
31 Dimethyl sulfoxide 10 10 10 10
32 Ethylene glycol 100 100 10 100
33 Isophorone 10 100 100 10
34 Methylnaphthalene 10 10 10 10
35 Diethylene glycol 10 10 10 100

No phytotoxicity was observed in other solvents at all concentrations tested.
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Table 6. The minimum concentration of solvents inducing phytotoxicity(%)

(flooded paddy field, post-emergence)

No. Solvents ORYSA ECHOR CYPDI ANEKE MOOVA ROTIN
1 Ethyl ether — — — — — —
2 Dichloromethane — — 1 1 1 -
3 Acetone 10 - 10 10 10 10
4  Chloroform ©.D ©.D 0.0 .1 0.1 0.D
5 Methanol 1 1 1 1 1 10
6 Tetrahydrofuran 10 10 10 10 10 10
7  Carbon tetrachloride €0.01) (0.01) 0.01 0.01 0.01 0.01
8 Ethyl acetate 8 8 1 8 1 8
9 Ethanol 10 10 10 10 10 10

10 Methyl ethyl ketone 10 — 10 10 10 10

11  Benzene 0.1 .1 ©.D 0.1 .10 .1

12 Acetonitrile — 10 10 10 10 10

13 2-Propanol 10 10 10 10 10 10

14 tert-Butanol 10 10 10 10 10 10

15 1, 2-Dichloroethane .1 ©.1D ©.D .10 0.1 .1

16 Dioxane 10 10 10 10 10 10

17 Toluene 0.01>  (0.0n  (0.01)  (0.01)  (0.01>  (0.01)

18 Methyl isobutyl ketone 1 — 1 1 1 1

19 1-Butanol 1 1 1 1 1 1

20 2-Methoxyethanol 0.1 0.1 0.1 0.1 0.1 0.1
21 Chlorobenzene (0.01) (0.0D 0.01) (0.01) (0.01) (0.01)

22 2-Ethoxyethanol 0.1 0.1 0.1 0.1 0.1 0.1

23 m-Xylene (0.01) (0.01) €0.01) (0.01) (0.0 (0.01)

24  Styrene . .01 (0.0  (0.01)  (0.01>  (0.01>  (0.01>

25 N, N-Dimethylformamide 1 1 1 1 1 1

26 Cyclohexanone 1 1 1 1 1 1

27 Propylene glycol 0.1 0.1 1 1 1 1

28 Dimethyl sulfoxide 1 1 1 1 1 10

29 Ethylene glycol 0.1 1 1 1 1 1

30 Isophorone 1 0.1 0.1 0.1 0.1 0.1

31 Methylnaphthalene 0.1 0.1 0.1 .1 ©.D 0.1

32 Diethylene glycol 1 1 1 1 1 10

( ) : No phytotoxicity was observed at concentration lower than water solubility of solvent.
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Table 7. The minimum concentration of solvents inducing phytotoxicity (%
(paddy field, pre-emergence)

No. Solyents ORYSA ECHOR CYPDI ANEKE MOOVA ROTIN
1 Ethyr ether — — — — — —
2 Dichloromethane 1 — 1 1 1 1
3 Acetone — — — 10 — 10
4  Chloroform 0.D .1 0.0 ©.D .1 0.1
5 Methanol 0. 1 1 1 1 10 1
6 Tetrahydrofuran 1 1 — 10 10 10
7  Carbon tetrachloride (0.01) (0.0 0.0D (0.01) (0.0 €0.01)
8 Ethyl acetate 1 8 1 1 1 1
9 Ethanol 0.001 0.01 0.001 0.1 1 0.01

10 Methyl ethyl ketone 1 10 10 1 1 i0

11 Benzene ©.D .1 .1 .1 0.1 0.1

12 Acetonitrile 10 10 — 10 — —

13 2-Propanol 0.1 0.1 0.1 1 1 0.1

14 tert-Butanol 1 1 10 10 1 1

15 1, 2-Dichloroethane ©.D 0.1 ©.1 0.1 0.1 0.1

16 Dioxane 1 10 10 10 1 1

17 Toluene 0.01)  (0.01)  (0.0D) €0.01) .01) (0.0

18 Methyl isobutyl ketone — — — — — —

19 1-Butanol 0.1 1 1 1 1 1

20  2-Methoxyethanol 0.1 0.1 0.01 0.01 0.1 0.01

21  Chlorobenzene 0.01)  (0.0D) (0.01) €0.01) (0.01)  (0.0D)

22 2-Ethoxyethanol 0. 1 0.1 0.01 0.01 0.01 0.01

23 m-Xylene (0.01) (0.01) (0.0D) (0.01) (0.0 (0.0

24 Styrene (0.01) (0.01) (0.0D) 0.0 (0.01) (0.01)

25 N, N-Dimethylformamide 1 1 10 1 1 1

26 Cyclohexanone 1 1 1 1 1 . 1

27 Propylene glycol 0.1 0.1 0.1 0.1 0.1 0.1

28 Dimethyl sulfoxide 1 1 10 10 1 1

29 Ethylene glycol 0.01 1 1 0.1 0.1 0.01

30  Isophorone 0.1 0.1 0.1 0.1 0.1 0.1

31  Methylnaphthalene 0.1 0.1 .1 ©.D .1 .1

32 Diethylene glycol 1 1 1 0.1 0.1 0.1

() : No phytotoxicity was observed at concentration lower than water solubility.
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