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DECOMPOSITION OF SODIUM N- METHYL DITHIOCARBAMATE, 
VAPAM, IN SOIL 

INTRODUCTION 

The most promising method of controlling the soil -borne plant 

diseases, for which there are no resistant varieties, is by soil 

fungicides. The use of soil fungicides introduces many problems. 

Fungicides may be altered or decomposed in soil to compounds completely 

different from the original chemical, and the extensive use of soil 

fungicides presents the potential danger of toxic residues accumu- 

lating in the soil, soil water, and plants. It is necessary to know 

these chemical changes of fungicides in soil to effectively use them 

in plant disease control and to avoid the build -up of toxic residues 

in the soil. 

Sodium N- methyl dithiocarbamate (vapam) is a soil fungicide 

used in the control of soil -borne pests in the field and in seed -bed 

and potting soils. In Oregon (30), vapam has effectively controlled 

Verticillium wilt of potatoes, but the rates which gave acceptable 

control were too expensive for commercial use in this crop. Little is 

known about the decomposition of vapam in soil although it is generally 

believed that methyl isothiocyanate (MS) resulting from vapam breakdown 

is responsible for the fungitoxicity of vapam. 

This investigation was initiated to determine the decomposition 

products of vapam under varying conditions of the soil environment. 
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LITERATURE REVIEW 

Like many effective fungicides, vapam is a substituted dithio- 

carbamic acid and thus has properties common to other derivatives of 

this unstable compound, Dithiocarbamates were used as accelerators in 

the rubber industry. They were introduced as fungicides in the Tisdale 

and Williams' patent of 1934 (26). A whole new horizon of organic 

sulfur fungicides was made possible by this patent, which described 

the fungitoxicity of compounds synthesized from carbon disulfide (CS2) 

and alkyl amines in alkaline solution. 

In 1943, Dimond, Heuberger, and Horsfall (6) described the 

fungicidal properties of disodium ethylenebisdithiocarbamate (nabam). 

This compound had been synthesized by Hester (10) from an alkyl diamine 

and CS2. 

Dithiocarbamate fungicides have been divided into two groups 

based on the amine used in their synthesis, (i.e., monoalkyl or 

dialky1). 

S 
R II 

S 
R 

R 
/ 
N -C -S -Metal N -C -S -Metal 

Dialkyl Monoalkyl 

The chemical reactions and biological activities of these two types 

of dithiocarbamates are markedly different. The most outstanding 

difference is the formation of isothiocyanates from the monoalkyl 

derivatives. 
S 

I I 

I. R-N-C-S-Na 

H 

+ H20 RmNmCmS + H2S + NaOH 

Monoalkyldithiocarbamate Alkyl isothiocyanate 
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This reaction does not occur with dialkyl derivatives because they lack 

a hydrogen on the nitrogen atom. 

There is little information on the chemical reactions of vapam, 

but because of the structural similarity of vapam and nabam (see below) 

the literature on reactions of nabam can be used as a guide to the 

study of vapam. 

S 

II 

CH2-NHC-S-Na 

S 

CH2NHC-S-Na 

S 

II 

CH3NHC-S-Na 

Nabam Vapam 

The following sections list the principal compounds formed by the 

decomposition of nabam. 

Decomposition of dithiocarbamates to isothiocyanates. 

Barratt and Horsfall (1) indicated that nabam could decompose to 

ethylene diisothiocyanate. Klopping and van der Kerk (13) also showed 

that the diisothiocyanate could be obtained from nabam, especially in 

the presence of heavy metals, and this was verified by Ludwig, Thorn, 

and Unwin (18). Klopping and van der Kerk (13) compared the fungi - 

toxicity of a series of dithiocarbamates and their corresponding 

isothiocyanates against four fungi. A similar anti -fungal spectrum 

was obtained for the dithiocarbamates and isothiocyanates, and they 

suggested that the isothiocyanates were the active products of 

I 
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dithiocarbamate breakdown. Vapam and methyl isothiocyanate (MS)l 

were included in their study. 

Wedding and Kendrick (27) suggest that MS may not be the toxic 

agent responsible for the action of vapam. Their experiments showed 

MS and vapam do not affect glucose respiration of fungi similarly. 

However, it is possible vapam decomposed during their experiments. 

Isothiocyanates are prepared by reacting an alkyl amine with 

CS2 in a basic aqueous solution. Lead nitrate is added to decompose 

the dithiocarbamate formed in the above reaction to the corresponding 

alkyl isothiocyanate. Isothiocyanates are hydrolyzed to give alkyl 

amines, water, and carbon oxysulfide. 

II. R -N =C =S + H2O > R -NH2 b COS (5) 

However, in the presence of sunlight this reaction is reported to be: 

III. R -N =C =S + H2O > R -NH2 + R -O -R + CO2 

+ HSCN + H2S (5) 

Willenbrink, Schulze, and Junkmann (29) found that when MS labelled 

with S35 was added to soil, much of the labelled sulfur later showed 

up as sulfate. 

Decomposition of dithiocarbamates to thioureas. 

Thioureas are formed by the decomposition of dithiocarbamates 

(1, 18). Yields of ethylene thiourea up to 55 per cent were obtained 

by vigorous aeration of concentrated nabam solutions (18). Ludwig and 

Thorn (16) speculated that ethylene thiourea obtained under these 

/1 The abbreviation MS used for methyl isothiocyanate is taken from 

the German word for this compound, Methylsenfol. 



conditions resulted from loss of CS2 from previously formed ethylene 

thiuram monosulfide (ETM). 

A thiourea could be formed from vapam by the following 

reactions: 

IV. CH3-N=C=S + CH3NH2 

S 

I I 

> CH3N-C-N-CH3 
3r I 3 

H H 

S 

5 

V. 2 CH3 -N =C =S + H2S > CH3N -C -N -CH3 + CS2 

H H 

Reaction IV occurs with ease, and Moore and Crossley (19) 

recommended it for preparation of dimethylthioureas. Reaction V occurs 

slowly at ordinary temperatures (3, p. 133). As a means of obtaining 

N,N'- dimethylthiourea (DMTU) from vapam, both reactions are dependent 

on the decomposition of vapam to MS. Methylamine is present in 

commercial preparations of vapam, and H2S can be formed by the decompo- 

sition of vapam (Reaction I). 

Thioureas are not sufficiently fungitoxic to account for the 

activity of the dithiocarbamates (1). 

Decomposition of dithiocarbamates to thiuram sulfides. 

Ludwig and Thorn (15) demonstrated that ETM was produced by 

vigorous aeration of dilute nabam solutions. This reaction also occurs 

on the foliage of plants sprayed with nabam. Sijpesteijn and van der 

Kerk (23) have suggested that this compound resulted from the internal 

addition of an isothiocyanate (Reaction VI). 

II 

I I 
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VI. CH2-N=C=S 

S 

I I 

CH2-NHC-SH 

H2-NH-C 

/S 
CH2-NH-C 

S 

Ethylene thiuram monosulfide is an effective fungicide with an 

ED50 against Monolinia fructicola of 1.5 ppm (14). 

Considering the similarity of vapam and nabam, N,N'- dimethyl- 

thiuram monosulfide could be formed from vapam by the following 

reaction: 

S S S 
II II II 

VII. CH3NHC -SH + S =C =N -CH3 CH3NHC- S -C -NH -CH3 

Klopping and van der Kerk (13) showed that oxidation of nabam 

yielded ethylene thiuram disulfide (ETD) and polymers of this compound. 

Barratt and Horsfall (1) found that ETD was highly fungitoxic in a 

spore germination assay. 

Vapam may undergo similar reactions. Klopping (12) synthesized 

DMTD from the methylamine salt of methyl dithiocarbamic acid (vapam is 

the sodium salt of this acid). Klopping found that DMTD, mole for 

mole, was about twice as fungitoxic as vapam. However, this may 

indicate a conversion of one mole of DMTD to two moles of vapam or MS. 

Decomosition of dithiocarbamates to carbon disulfide hydrogen sulfide, 

and alkyl amines. 

Cox, Sisler, and Spurr (4) showed by means of infrared spectros- 

copy that an amine, probably ethylene diamine, and CS2 were present 

above dilute solutions of nabam. Barratt and Horsfall (1) originally 

thought H2S was partially responsible for the toxicity of nabam, 

' -> 

/S 

>' 

I 
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but later Rich and Horsfall (22) demonstrated that under normal 

conditions purified nabam does not liberate H2S, 

Methylamine, CS2, and H2S are possible decomposition products 

of vapam. However, their low fungitoxicity (28) compared to that of 

the dithiocarbamates relegates them to minor importance as toxicants 

from vapam. Nevertheless, these chemicals may be important in the 

synthesis of other compounds from vapam and /or its decomposition 

products. 
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MATERIALS AND METHODS 

Chemicals 

Information on chemicals used in this work is given in Table 1. 

Soil 

The soil used in this investigation was a sandy loam from a 

field in Klamath Falls that had been cropped to barley, alsike clover, 

and potatoes in successive years. The soil had an exchange capacity 

of 16 milliequivalents and a pH of approximately 6.7. The field 

capacity of this soil was about 25 per cent. Clods and twigs were 

removed by sifting the soil through a 16- mesh -per -inch screen. The 

soil was sterilized by autoclaving at 15 lb. for 3 hours. 

Soil treatments 

Thirty grams of air -dry soil were placed in one -liter bottles, 

and the desired soil moisture level was obtained by addition of 

distilled water. 

Liquid fungicides were added to the soil either by injection 

with a 0.1 -ml syringe through a serum cap seal or by pipetting the 

liquid onto the soil and mixing. The bottles were then sealed with a 

serum cap. Compounds that were solids were added to the soil, and the 

jars were immediately sealed. 

Gas samples were taken from the atmosphere within the bottles of 

treated soil by piercing the rubber serum cap with a 10 -ml Hamilton 

teflon- tipped gas syringe and withdrawing l -3 ml samples. The samples 

were immediately injected into a Beckman GC -2A gas chromatograph for 

analysis. 



Table 1. Information regarding chemicals used. 

Chemical 

Sodium N- methyl 
dithiocarbamate 

S 

(CH3NHCS -Na.2 H20) 

Methyl isothiocyanate 
(CH3N :C =S) 

Methylamine 
(CH3NH2) 

N,N'-dimethylthiourea 
S 

(CH3NH-C-NHCH3) 

N,N'- dimethylthiuram 
disulfide 

S S 

(CH3NHC-S-S-C-NHCH3) 

Abbreviation or 
Common Name 

Vapam 

MS 

DMTU 

DMTD 

Source 

Stauffer Chemical Co. 

Rohm & Haas Co. 

(43.6% aqueous solution) 

Union Carbide Co. 

(Crystals) 

Union Carbide Co. 

(40% aqueous solution) 

Stauffer Chemical Co. 

(Crystals) 

Stauffer Chemical Co. 

(Crystals) 

Properties 

White crystalline solid; 
readily soluble in water 
(72 g /l00 ml), moderately 
soluble in alcohol, only 
slightly soluble in most 
organic solvents; decom- 
poses on heating. 

White crystalline solid; 
relatively insoluble in 

water, soluble in alcohol 

and chloroform; M.P. 33 °C, 

sublimes. 

Gas at room temperature; 
properties similar to 

ammonia; very soluble in 

water. 

White crystalline solid; 
soluble in water, alcohol, 
and chloroform; M.P. 60- 
62°C. 

Pale yellow crystalline 
solid; M.P. 100 -109 °C; 

slightly soluble in water, 
soluble in chloroform. 

tD 



Table 1. (Continued) 

Abbreviation or 
Chemical Common Name Source Properties 

Carbon disulfide 

(CS2) 

Hydrogen sulfide 

(H2S) 

CS2 

H2S 

J. T. Baker Chemical Co. Clear liquid; B.P. 46.3 °C; 
slightly soluble in water, 
soluble in alcohol. 

Prepared from sodium 
sulfide and sulfuric 
acid 

Gas; soluble in water. 

0 
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All experiments were suitably replicated. 

Gas chromatographic technique 

A column 6 feet long and 0.25 inches in diameter made of 

aluminum Utilitube was used for detection of MS, and a similar column 

12 feet long was used for detection of methylamine and CS2. Both 

columns were packed with Floropak 20 -80 coated with 4% silicone oil 550 

and 1% carbowax (liquid phase). The liquid phase was adsorbed onto 

Floropak by dissolving the silicone oil and carbowax in a quantity of 

methylene chloride equal to the volume of Floropak being coated. The 

mixture of silicone oil and carbowax in methylene chloride was then 

added slowly to the Floropak and mixed into a slurry. The methylene 

chloride was then removed by evaporation at 100 °C for 6 hours. The 

coated Floropak was then packed into the columns. 

The columns were run at 70 °C with helium at 30 p.s.i. as the 

carrier gas. A hydrogen flame detector was used for methylamine and 

MS detection. It was operated at 10 p.s.i. of air and hydrogen gas, 

and attenuated to 20x102. A thermal conductivity detector operating 

at 250 ma and maximum sensitivity was used for CS2 detection. 

Chromatographs of the various components were recorded on a 

Brown Electronik recorder equipped with a Disc chart integrator. 

Pure samples of methylamine, CS2, and MS were chromatographed 

separately as previously outlined and the residence time (rt) for each 

compound determined. The rt is time in minutes for a sample to pass 

from the point of injection to the detecting device. The rt's were 

determined from the recorded chromatographs by measuring the distance 

in inches from the point of sample injection to the point where maximum 
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peak height was obtained. Calculations were made based on a chart 

speed of 0.5 inches /min. in the recorder. Since rt is influenced by 

temperature and pressure changes and machine adjustments, rt's of CS2, 

MS, and methylamine standards were redetermined in each experiment. 

Preparation of MS standard curve. 

A standard curve for MS (Fig. 1) was prepared by injecting 

0.5)A1 liquid samples of 0.001 to 0.015 mg of MS in chloroform solution 

into the chromatograph. Operational conditions were as previously 

mentioned. By plotting the number of inflection points of the Disc 

integrator under the MS curves, it was possible to obtain a straight 

line relationship between number of inflection points and MS concentra- 

tion. 

/2 The number of inflection points recorded by the integrator under a 

curve is proportional to the area of the curve which is in turn 

proportional to the amount of chemical passing through the column. 
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EXPERIMENTAL RESULTS 

Decomposition of vapam in dilute solutions. 

When 100 ml of a 1% aqueous solution of vapam were placed in 

250 -ml Erlenmeyer flasks and allowed to stand for 3 to 10 days, varying 

amounts of a pale yellow compound precipitated. This compound was 

soluble in chloroform but not in water. When the precipitate was 

crystallized from chloroform, yellow, needle -like crystals were 

obtained which melted at 112 °C. The yellow crystals burned with the 

characteristic blue flame of sulfur and had a sulfurous smell. Addi- 

tional evidence that elemental sulfur is a decomposition product of 

vapam is presented later. 

A 3 -ml gas sample taken above a 1% vapam solution had two 

gaseous components detected by chromatography in a 6 -foot column. 

The rt of the peaks was 0.5 minutes and 3.5 minutes. To obtain a 

longer rt for the first component, a 12 -foot column was employed which 

gave a 1- minute rt. The rt of methylamine was 1 minute in the 12 -foot 

column, and when methylamine was added to the unknown sample, the 

height of the peak at 1 minute was increased. Thus, vapam solutions 

contain methylamine. 

The rt of MS was 3.5 minutes in the 6 -foot column and when MS 

was added to the unknown sample collected from vapam, the height of 

the peak at 3.5 minutes was increased. The pungent odor of an iso- 

thiocyanate was detected from vapam solution in sealed bottles allowed 

to stand from 1 to 2 days. Thus, MS is present in solutions of vapam. 

Pieces of filter paper saturated with lead acetate solution were 

' 
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used to test for H2S. Browning or blackening of the paper indicated a 

positive test. Tests for H2S liberation from 1% vapam solutions 

allowed to stand 1 to 30 hours were negative. 

The rt of CS2 was 0.67 minutes in the 12 -foot column in the gas 

chromatograph. No peaks with this rt were obtained from chromato- 

graphs of samples taken above dilute solutions of vapam. 

In determining the rt for CS2 and methylamine, a component 

occasionally appeared on the chromatographs with the same rt as MS. 

When CS2 and methylamine were mixed in a syringe, MS was synthesized. 

This reaction (VIII) occurred in the vapor phase because CS2 and 

methylamine were collected as gases. 

S 

VIII. CH3NH2 + C :S > CH3 -N =CmS + H2S 

This reaction may account for the failure to detect CS2 from 

vapam when the CS2 is present in trace amounts. 

Effect of oxygen on the decomposition of vapam in solution. 

One hundred ml of a 1% aqueous solution of vapam were placed in each 

of 6 Erlenmeyer flasks. Three of the flasks were purged with nitrogen 

gas to remove air and then sealed. The remaining three were purged 

with air and sealed to be used as controls. After one week no preci- 

pitation of elemental sulfur was observed in the flasks containing a 

nitrogen atmosphere. The control flasks had a moderate amount of 

elemental sulfur. 

The amount of MS detected in the flasks purged with nitrogen was 

about one -fourth the amount detected in the control flasks. 

11 
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Decomposition of vapam in acid solution. The pH of dilute 

solutions of vapam is 9.5. The basicity is primarily due to excess 

sodium hydroxide and methylamine added during vapam synthesis. To 

determine the decomposition of vapam in acid solution, 1 per cent 

solutions of vapam were adjusted to pH 5.0 and 6.0 with O.1M phosphate 

buffers. Under these conditions, H2S and CS2 were formed in addition 

to MS. In sealed bottles the H2S disappeared overnight. This was 

accompanied by the formation of straw -colored, needle -like crystals 

that were not elemental sulfur. These crystals occasionally formed 

in concentrated solutions of vapam after standing two months. The 

crystals were insoluble in water but readily soluble in chloroform. 

They melted at 107 -109 °C. A high yield of similar crystals was 

obtained by adding MS to a concentrated solution of vapam and allowing 

the mixture to stand overnight. The properties of this compound were 

similar to those of DMTD obtained from Stauffer Chemical Co. except 

that the Stauffer preparation melted at 99° to 100 °C. 

An x -ray diffraction analysis of the DMTD samples was performed 

with a North American Phillips Norelco unit equipped with a Geiger - 

Muller tube and Brown Recorder. Copper -K radiation in conjunction 

with power settings of 20 milliamperes and 40 kilovolts was used. 

Crystals of the DMTD samples were packed into the aluminum sample 

/3 Freund and Asbrand (9) list the melting point of this compound as 

100 °C. However, when it was recrystallized from glacial acetic 

acid, the melting point was found to be 109 °C. 
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holders, and the crystals were leveled by smoothing with the edge of a 

razor blade. Divergence, scatter, and receiving slits were set at 

0.05 °, 0.006 °, and 0.25 °, respectively. X -ray diffraction traces of 

the two DMTD samples are illustrated in Fig. 2. The traces for the 

2 samples of DMTD are identical except for 3 peaks (23°, 28 °, 29°) 

present in the sample obtained from vapam. The three extra peaks were 

attributed to elemental sulfur (2, p. 115). 

Ultra -violet absorption spectra (Fig. 3) were obtained for the 

two compounds in aqueous solution in a Beckman DB recording spectro- 

photometer. The spectra were alike, thus further indicating the 

similarity of the two DMTD preparations. 

The disappearance of H2S as DMTD was formed plus the fact that 

MS and vapam yield DMTD would seem to indicate the following reaction: 

S 
fl 

S 

IX. } H2S } CH3N_CS 

High yields of DMTD were also obtained by adding crystals of MS 

to concentrated vapam solutions and allowing the mixture to stand 

24 hours. 

Decomposition of vapam in saturated solution. 

Thirty ml of a concentrated vapam solution were placed in 125 -ml 

flasks, and the lids were sealed in place with plastic tape. After one 

hour the lids were removed, and l -ml samples of the atmosphere above 

the solutions were analyzed in the gas chromatograph for methylamine, 

MS and CS2. Methylamine and MS were detected, but no CS2 or H2S was 

found. 

CHNC-S-Na --- CHN-C-S-S-C-NCH/ 3 3 

H H H 
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of N,N'- dimethylthiuram 
disulfide (DMTD). 
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Since methylamine and MS are present in the vapam concentrate, 

production of DMTU (Reaction IV) seemed likely. For comparative 

purposes, DMTU was synthesized by a modification of Moore and Crossley's 

(20) method in which MS was added with stirring to a 40% solution of 

methylamine. The water was evaporated, and the DMTU remained as a 

white, clear, oily liquid that failed to crystallize on cooling in 

an ice bath. 

Twenty 1 of freshly prepared DMTU and 20»1 of vapam were 

spotted side by side on a 20 "x20" sheet of Whatman No. 1 filter paper. 

The chromatograph was developed with a descending solution of chloro- 

form and methanol (1:2). After the solvent front had reached the 

bottom of the paper, the chromatograph was dried at room temperature. 

The DMTD spots were located by spraying the chromatograph with a 

solution of sodium azide and potassium iodide. 

Development of spots from the vapam solution and DMTU at the 

same Rf values was taken as positive evidence for the presence of DMTU 

in the vapam preparation. The presence of DMTU in saturated solutions 

of vapam was further substantiated by the independent discovery of it 

in vapam solutions by Dr. R. A. Gray of the Stauffer Chemical Co./4 

Decomposition of vapam to methyl isothiocyanate in soil. 

Gas chromatographic analyses for MS in liquid extracts of vapam- 

treated soil were attempted. However, they were unsuccessful for the 

following reasons: (1) Most of the MS was lost by sublimation during 

/4 Personal communication. 
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extraction; (2) Foreign substance extracted from soil contaminated the 

sample inlet and column of the gas chromatograph; and (3) Undecomposed 

vapam "salts out" in the sample inlet and does not pass through the 

column. 

As an alternative means for qualitative and quantitative 

analysis of MS in soil, a method was devised based on chromatographing 

3 -ml gas samples of the atmosphere above the treated soil sealed in one - 

liter bottles. Validity of this method depends on the proportional dis- 

tribution of MS in the treated soil and atmosphere within the bottles. 

Various concentrations of MS were placed in 10 bottles, each 

containing 30 g of soil and 5 ml of water, After 8 hours at 20 °C, 

a 3 -ml gas sample of the atmosphere from each bottle was chromato- 

graphed. By plotting MS concentration in the atmosphere within the 

bottles against the amount of MS added, it was found the amount of MS 

present in the atmosphere was proportional to the amount of MS placed 

in the soil (Fig. 4). 

Sterile soil was used in all experiments to avoid the confounding 

effect of the varying biological activity in non -sterile soils. 

Experiments were performed to measure the decomposition of vapam to 

MS in sterile and non -sterile soil. Equal amounts of vapam (16 mg) 

were mixed into 30 g of sterile, moistened soil contained in each of 

3 bottles, and the amount and rate of vapam decomposition to MS was 

determined gas chromatographically. A similar experiment was run in 

non -sterile soil. The rate and amount of vapam decomposition to MS 

was similar in sterile and non -sterile soil. 
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Fig. 4. Relation of MS concentration in atmosphere 

to MS concentration in soil. 
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Effect of soil temperature. One -liter bottles containing 30 g 
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temperature on the concentration of MS in the vapor phase was deter- 

mined in a similar experiment in which 9.0 mg of MS (the theoretical 

cr) 
E 

(I) +4 3.0 +o 
(13 _In 
C 
ro C T- 
u oIv 
_ L 

-cs 2.0 
o 

(II 
- 

E 

T (D 

+ C 
1.0 

. 

n 



M
g
 
o
f
 
m
e
t
h
y
l
 
i
s
o
t
h
i
o
c
y
a
n
a
t
e
 

6.0 

5.0 

Fig. 5. Effect of soil temperature on the 

decomposition of vapam to methyl 
isothiocyanate. 

i 
o 

1.0 

2 3 4 5 6 7 8 9 10 

Hours following soil treatment with vapam 

10 °C 

12 13 14 

+ 2.0 
E 

1 I 1 I I I 1 1 t I 1 I I I 

1 

11 

4.0 

3.0 

F, 

E 

0 



23 

amount of MS obtainable from 16 mg of vapam) was added to the soil 

(Fig. 6). Each treatment was replicated 3 times. 

The rate of vapam decomposition to MS (Fig. 5) and the dis- 

appearance of MS (Fig. 6) was greatly accelerated at high temperatures. 

At 40 °C, MS from vapam decomposition reached a maximum concentration 

in 1.5 hours. At 10 °C, the maximum concentration was not reached 

until 6.5 hours. The percentage of vapam decomposing to MS can be 

approximated. At 40 °C, the maximum concentration of MS produced from 

16 mg of vapam was 6.2 mg. The maximum concentration of MS obtained 

from 9.0 mg of MS at 40 °C was 7.1 mg. Thus, the percentage of vapam 

decomposing to MS was: 6.2 x 100 
87 %. This does not account for the 

7.1 

amount of MS removed from the atmosphere by adsorption and /or reaction 

with the soil prior to the time the maximum MS concentration was 

reached, nor the amount of vapam decomposing to MS after this time. 

Thus, a higher percentage of vapam is most likely converted to MS 

than is indicated here. 

Effect of soil pH. Soil pH was adjusted to 4.5 and 7.0 by 

washing 1,000 g of soil with 3 liters of 0.1N HC1 and then washing 

with sufficient distilled water to give a negative silver nitrate test 

for chloride ion. The desired pH was obtained by adding Ca(OH)2 to 

the soil. The soils were held for 5 days and the pH values determined. 

The soil was allowed to air dry and was then screened. Vapam, 16 mg 

in 5 ml of water, was mixed into 30 g of soil contained in each one - 

liter bottle and the bottle sealed immediately with a serum cap. 

Three bottles were used for each treatment. The basic vapam solution 
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did not increase the soil pH. Gas samples from the bottles were 

analyzed after 30 minutes and at various times up to 12 hours. 

The rate and amount of vapam decomposition to MS was consider- 

ably less at pH 4.5 than at pH 7.0 (Fig. 7). The reduced amount of 

MS formation in acid soil could be explained in two ways: (1) The 

decomposition of vapam may proceed by formation of MS and H2S in 

acid solution (Reaction I), which may be slower than the formation of 

MS and elemental sulfur in neutral or basic solution (Reaction X); or 

(2) DMTD may be formed at the expense of MS as in acid solution. 

Effect of oxygen. Earlier it was shown that MS production in 

dilute solutions of vapam was inhibited under a nitrogen atmosphere. 

An experiment was designed to determine the effect of replacing air 

with nitrogen on the decomposition of vapam to MS in soil. 

Thirty grams of soil and 5 ml of water were added to each of six 

one -liter bottles. Half of the bottles were purged 3 minutes with 

nitrogen, and the controls were purged 3 minutes with air. Each of 

the bottles was injected with a solution containing 16 mg of vapam and 

held two hours. Three -ml gas samples were then withdrawn and analyzed 

for MS. A similar experiment was performed using 9.0 mg MS. 

Much less MS was produced from vapam in the nitrogen atmosphere 

than in air (Table 2). The same amount of MS was detected in nitrogen 

and air when MS was added to the soil. Although this experiment 

clearly demonstrates the importance of oxygen in vapam decomposition, 

it does not indicate the effects of the various oxygen levels that 

might be encountered in field soils. 
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Presence of elemental sulfur and absence of H2S in dilute solu- 

tions of vapam suggest that decomposition of vapam in dilute solution 

and in soil does not proceed as indicate in reaction I, i.e., vapam 

decomposing to MS and H2S. The decomposition is more likely: 

S 
II 

X. 2 CH3NHC -SNa + 1/2 02 % 2 CH3 -N =C =S + H2O + 2S 

Table 2. The effect of oxygen on the decomposition of vapam in soil. 

Amount of chemical Mg of MS from treated soil 

added to soil 

16 mg vapam 

9 mg MS 

Nitrogen Air 

0.1 mg 3.4 mg 

5.0 mg 5.0 mg 

An experiment was designed to determine if the failure of vapam 

to decompose to MS under a nitrogen atmosphere had any effect on the 

fungitoxicity of vapam. Sixty g of soil were added to 6 "xl" glass 

tubes sealed at one end with a layer of glass wool and a serum cap. 

A second layer of glass wool was placed over the soil, and five agar 

discs (1/8 "x1 /4 ") cut from a one -week -old culture of Fusarium oxysporum 

f. lycopersici were placed on the glass wool. The discs were kept in 

place by another layer of glass wool, and the open end of the tube was 

then sealed with a second serum cap (Fig. 8). 

Vapam concentrations of 25, 50, 75, 100, and 500 ppm were in- 

jected in 10 ml of water into the tubes through the serum cap opposite 

the end in which the agar discs were located. The air was purged from 

half the with nitrogen, and control tubes were purged with air. 



nitrogen -Ho. 

Fig. 8 Apparatus for measuring fungitoxicity 
of vapam in a nitrogen atmosphere. 

glass wool 

syringe needle syringe needle 
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There were 3 tubes per treatment. 

After 24 hours, the discs were removed from the tubes and placed 

on potato -dextrose -agar in Petri plates to determine the viability of 

the fungus. Mycelial growth from the plugs was observed after four 

days, and recorded as growth or no growth (Table 3). 

Table 3. Fungitoxicity of vapam to Fusarium oxysporum f. lycopersici 
in nitrogen atmosphere and air. 

Viability of Fusarium 

Conc. of vapam, ppm in N2 in Air 

/1 
+ 

20 + + 

50 + 

75 + 

100 + 

500 

/1 + m Growth, - m No growth. 

The fungitoxicity of vapam was reduced considerably if oxygen 

was excluded from the soil atmosphere (Table 3). In this experiment 

the fungitoxicity of volatile decomposition products of vapam were 

measured, since the agar discs were not in contact with the soil or the 

vapam solution. 

Effect of total surface area. The total surface area of soils 

may differ considerably due to variation in particle size. An experi- 

ment was conducted to determine the effect of total surface area on 

0 
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the decomposition of vapam. Thirty grams of 0.25 mm diameter glass 

beads were placed in each of 3 bottles. Thirty grams of 0.5 mm 

diameter glass beads were placed in a second series. The 0.25 mm 

glass beads have four times the surface area as the 0.5 mm beads. 

Two ml of a solution containing 16 mg of vapam was mixed with the beads 

in each bottle. The bottles were sealed with a serum cap, and after 

two hours the amount of MS produced was determined in the gas chroma- 

tograph. Three bottles were used for each treatment. 

Twice as much MS was produced in the bottles containing the 

smaller beads (Table 4). Thus, total soil surface area must be an 

important factor in vapam decomposition. This is probably due to 

increased exposure of vapam to the oxygen in soil air. 

Table 4. Relation of total surface area to vapam decomposition to MS. 

Glass bead diameter 

0.25 mm 

0.5 mm 

Mq of MS from 16 mg of vapam 

1.7 

0.7 

Effect of soil moisture. The decomposition of vapam to MS was 

determined in soil at five moisture levels. One -liter bottles, each 

containing 30 g of soil with the moisture content adjusted to 100, 70, 

60, 40, or 30% field capacity, were injected with a solution containing 

16 mg of vapam. The bottles were held at 200C. Three -ml gas samples 

were taken 30 minutes after soil treatment and then at 75- minute 

intervals. The effect of soil moisture level on MS concentration 

was determined by a similar experiment in which 9.0 mg of MS were 
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added the soil (Fig. l0). There were 3 replicates per treatment. 

A more rapid decomposition of vapam took place at lower moisture 

levels (Fig. 9). The maximum amount of MS was obtained in the 30% 

moisture treatment in 2 hours and 15 minutes, but in soil at 100% 

field capacity MS concentration was not obtained until 7 hours 

following soil treatment. The lower MS concentrations in the atmos- 

phere at high moisture levels in MS and vapam- treated soil is probably 

due to the increased amount of MS held in the soil containing high 

moisture. 

Effect of mixing and injecting. It was determined earlier that 

vapam decomposition was increased by increases in the total surface 

area of the medium in which it was incubated. When vapam is injected 

into soil, it is concentrated in a small portion of the soil. On the 

other hand, if vapam is mixed into soil, it is spread over a much 

larger surface area. These experiments were designed to measure the 

decomposition of vapam in soil treated by injection and mixing. 

Five ml of water containing 16 mg of vapam was mixed into 30 g 

of soil in one group of bottles. In a second set of bottles, a 

similar amount of vapam was injected into soil previously mixed with 

5 ml water. Samples were taken for analysis after 30 minutes' incuba- 

tion and at various times for 11 hours. There were 3 replicates per 

treatment. 

The rate of decomposition was greater when vapam was mixed with 

soil than when it was injected into soil (Fig. 11). The initial rapid 

disappearance of MS in the mix -treated soil suggests that one of the 
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Fig. 10. Effect of soil moisture on 
methyl isothiocyanate in soil. 
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factors responsible for removing MS from the soil atmosphere operates 

for only a short period following soil treatment. Soil moisture could 

be this factor. The MS from decomposition of vapam can dissolve in the 

soil water. Therefore, if the vapam decomposed to MS rapidly, the soil 

water could require additional time to reach saturation with MS. 

Saturation of the soil water with MS could account for the initial 

disappearance of MS from the mix -treated soil. The slow loss of MS in 

the injection- treated soil, after maximum MS concentration was reached, 

could be due to MS saturation of the soil water before maximum MS 

concentrations were reached. Thus, it appears that the initial high 

concentration of MS in the -treated soil occurs during a brief 

period in which the soil moisture is not yet saturated with MS. 

Formation of N,N'- dimethylthiourea in soil 

The formation of DMTU in concentrated solutions of vapam 

suggested that additional DMTU might be formed in soil by recombination 

of vapam decomposition products. To investigate this possibility, 

one ml of concentrated vapam (0.4 g) was injected into each of three 

sealed bottles containing 30 g of soil which had previously been mixed 

with 5 ml water. The bottles were held for 24 hours and the DMTU was 

extracted from the soil with 25 ml of ethanol. The extract was 

evaporated to dryness in a flash evaporator and the residue containing 

the DMTU taken up in 5 ml of ethanol and concentrated to 1 ml in the 

flash evaporator. As a control, 1 ml of concentrated vapam (0.4 g) was 

injected into each of three sealed bottles containing 30 g of moistened 

soil. These bottles were held for 1 minute before the DMTU was 
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extracted from the soil and concentrated as above. Fifty l of each of 

the final 1 -ml concentrates were spotted on an 18 "x20" sheet of Whatman 

No. 1 filter paper. Descending chromatographs were then developed with 

methanol. The chromatograph was dried in a hood at room temperature 

and sprayed with a sodium azide solution to locate the DMTU. A repro- 

duction of the chromatograph is given in Fig. 12. 

By comparing the areas of the DMTU spots obtained from the one- 

minute soil treatment with those obtained from the 24 -hour treatment, 

it was evident that additional DMTU was produced in the soil as a 

result of vapam decomposition. 



Fig. 12. Reproduction of a chromatograph of N,N'- dimethylthiourea from soil 

treated with vapam. 
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DISCUSSION 

Vapam decomposes in acid solution to H2S, CS2, methylamine, 

and DMTD. At present it is not known whether this occurs in strongly 

acid soils. Much less MS was formed in acid soil (pH 4.5) than in the 

more basic soil (pH 7.0); however, CS2 and H2S were not found in acid 

soil although they were formed from vapam in acid solution. These 

compounds may have been formed in the acid soil but were irreversibly 

adsorbed or reacted with the soil. Another possibility is that CS2 

and methylamine reacted to form MS. Failure to detect H2S in acid soil 

treated with vapam could be due to the reaction of H2S and MS to form 

DMTU. 

Dimethylthiourea was found in samples of vapam obtained from 

the Rohm & Haas Co. and Stauffer Chemical Co. Concentrated vapam 

decomposes slowly to MS on standing, and during aging some DMTU may be 

constantly produced by the combination of MS and methylamine (Reaction 

IV). DMTU is also formed from vapam decomposition products in the 

soil. 

Thioureas are relatively non and could persist in soil 

for extended time periods. Thioureas possess certain phytotoxic and 

fungitoxic properties but to a considerably less extent than MS. The 

presence of DMTU in vapam- treated soil may be partly responsible for 

the occasional residual phytotoxicity associated with vapam treatments. 

Formation of DMTU in vapam preparations may have been partly respon- 

sible for the dissimilarity between the effect of vapam and MS on 

glucose respiration (27). 

' 
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Additional work is needed to determine the persistence of DMTU 

in soil, and its phytotoxicity. Additional research is also needed 

to determine the extent of vapam decomposition to DMTU under varying 

soil environments. Attempts to detect DMTD in vapam- treated soil were 

not made because suitable methods could not be developed. Identifi- 

cation by means of paper chromatography is complicated by the lack of 

a chemical test for DMTD. Methods for the chemical identification of 

DMTD must be developed before any conclusions can be reached on the 

formation of DMTD in soil treated with vapam. 

Due to the highly fungitoxic nature of the MS produced from 

vapam, the efficacy of vapam as a soil fungicide is largely, if not 

entirely, dependent upon its decomposition to MS. Increase in soil 

temperature, total soil surface area, oxygen tensions, or pH, as well 

as decrease in soil moisture, causes a more rapid and complete 

decomposition of vapam to MS. The increased rate of MS formation at 

reduced moisture levels may actually be a result of increased oxygen 

availability. Water is present in soil as thin films around the soil 

particles. As vapam is added to soil, it is dispersed in these films 

of water; consequently, as moisture levels are increased, the films 

become thicker and render vapam less accessible to atmospheric oxygen. 

No difference was noted between the decomposition of vapam to 

MS in sterile and non -sterile soil. However, the non -sterile soil 

used in these experiments was air dried and much of the organic matter 

Phytotoxicity of DMTU is being studied by Dr. R. A. Gray at 

Stauffer Chemical Co., Mountainview, Calif. 

a 
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removed by screening. Furthermore, the soil was not moistened until 

just prior to the addition of vapam. Thus, there could not have been 

a significant build -up of the microflora in such a short time period. 

Under actual field conditions, the microflora activity of the soil 

could be considerably higher than in these experiments. Furthermore, 

oxygen tensions may be reduced by microbial activity to levels that 

limit decomposition of vapam. 

The optimum conditions for efficient use of vapam as a soil 

fungicide are seldom present in any one field. Soils which promote 

decomposition of vapam may also decompose the resulting MS, or 

restrict its movement by adsorption to clay and organic matter. High 

soil temperature may or may not be advantageous. Diffusion of MS out 

of soil may proceed too rapidly to allow a fungicidal concentration 

of MS to accumulate in the soil. On the other hand, formation of MS 

may proceed too slowly at low temperatures for fungicidal concentra- 

tions to be reached. There is also the danger that at low temperatures 

MS may remain in the soil too long, thus delaying planting dates or 

causing phytotoxicity. 

It is evident that to achieve optimum disease control from 

vapam applied to soil, a balance must be maintained between the forma- 

tion of MS and its subsequent loss from the soil. Vapam can be 

used for disease control at elevated soil temperatures by 

covering the soil following treatment to prevent escape of MS from 

the soil. 

The disappearance of MS from soil is facilitated at high soil 

moisture and temperature levels. The reasons for the disappearance 
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of MS under these conditions is not clear. However, high temperature 

and high moisture levels may favor the hydrolysis of MS to methylamine 

and carbon oxysulfide, or the increased temperature and moisture levels 

may allow more MS vapor to go into solution in the soil water. 

Because of the importance of MS in the fungitoxicity of vapam, 

more work is needed to determine the decomposition and resulting 

breakdown products of MS in soil and the factors affecting the 

persistence of MS in soil. 



42 

SUMMARY 

1. Sodium N- methyl dithiocarbamate (vapam) decomposes in dilute solu- 

tion at pH 9.5 to methyl isothiocyanate (MS) and elemental sulfur. 

2. In acid solution, carbon disulfide (CS2), hydrogen sulfide (H2S), 

and N,N'- dimethylthiuram disulfide (DMTD) are formed from vapam. 

3. Methylamine, MS, and N,N'- dimethylthiourea (DMTU) were found in 

commercial preparations of vapam. 

4. Methylamine and CS2 react in the vapor phase to give MS. 

5. Methylamine and MS react in solution and in soil to give DMTU. 

6. Vapam and MS react in solution to give DMTD. 

7. In soil, 70 to 87 per cent of the vapam decomposed to MS, depending 

on treatment conditions. 

8. High temperature, low moisture, and high pH gave the highest vapam 

decomposition rates. Increasing the temperature from 100C to 400C 

decreased the time required for complete vapam decomposition from 

7 to 1.5 hours. A decrease in the moisture level from 100 to 30 

per cent decreased the time required for complete vapam breakdown 

from 7 to 2.5 hours. 

9. Production of MS from vapam is an oxidative process and is 

inhibited in a nitrogen atmosphere. 

10. Vapam was less toxic to Fusarium oxysporum f. lycopersici in 

nitrogen than in air. 

. 
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