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                             Summary 

 Tomatoes, peppers, eggplants and strawberries were grown in soils fumigated 
with methyl bromide (MBr) to determine the effect of MBr on the growth and 
yield, bromine (Br) content in the plants and the content of water soluble Br in 
the soils. The growth and yield of 4 tesded crops were not affected by MBr fumi-

gation. Br content in the plant parts of 4 crops tended to increase with increasing 
amounts of MBr. On a dry matter basis Br content in the fruit of 3 crops at 0 , 
100, 200 and 400 g/m3 MBr treatments was as follows: in tomatoes 99, 113, 129 and 
186 ppm; in peppers 77, 104, 181 and 282 ppm; in eggplants 72, 124, 213 and 364 

ppm, respectively. Br content in the fruit of strawberries at 0, 200, 400 and 800 
g/m3 MBr treatments was 154, 179, 210 and 285 ppm, respectively. Water soluble 
Br in soil just after fumigation was significantly increased with increasing amounts 
of MBr. It was markedly decreased one and a half months after MBr fumigation 
at 200, 400 and 800 g/m3, and thereafter gradually decreased with time at 400 and 
800 g/m3.

             Introduction 

 Inorganic bromide (Br) is produced from 
the breakdown of methyl bromide (MBr) in 
soil, and can be taken up and accumulated in 
many crops (3, 4, 6, 10). This Br has recent-
ly been recognized as one of the substances of 
environmental pollution (10, 15, 16). As to the 
intake of Br ion, a joint FAQ/WHO work-
ing party recommended in 1969 a maximum 
acceptable daily intake of 1 mg Br ion per kg 
body weight, with a tolerance level of 50 mg 

per kg in raw cereals or whole meal flour 
(2). Aside from this recommendation the 
Food and Drug Administration (FDA) of the 
Department of Health, Education and Wel-
fare, and the Environment Protection Agency 
in the U. S. A. established a tolerance level 
of Br ion in many crops in 1972 (12, 13, 14). 
In our country little is known about the Br 
residues in vegetable crops grown in soil fu-
migated with Br containing compounds. In 
a previous paper authors (9) reported the 

growth and uptake of inorganic Br in musk-
melon and cucumber plants grown in soil fu-
migated with MBr. This paper deals with 
the results of Br uptake of tomato, pepper,
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eggplant and strawberry plants. 

        Materials and Methods 

  1. Tomatoes. 
 Some greenhouse growers sterilize soil beds 

with MBr using 0.5 to 2 times the amount 
recommended by the fumigant dealers. The-
refore, 4 dosage levels of MBr were made as 
follows: 0 g/m3 (not fumigated, 0 S for short), 
100 g/m3 (the half of standard, 0.5 S), 200 

g/m3 (standard, 1 S) and 400 g/m3 (2 5). The 
corresponding amount of MBr of each dosage 
was released from a canister into the soil 
under a vinylfilm cover continuously for 4 
days. The soil used was Iwata loam and ori-

ginally had a pH of 5.8 and 2.2 ppm of 
water soluble Br. After removing the cover, 
fumigated soils were well tilled to evaporate 
the residual fumigant. Sixteen liters of fu-
migated solis were fertilized with 8 g N from 

(NH4) 2SO4, 10 g P205 from calcium superp-
hosphate, 10 g K20 from K2S04, 30 g Ca0 
from Ca(OH)2, 2 g Mg0 from MgSO4.7H2O 
and 8 liters of well decomposed rice straw, 
and put into a 40 X 40 X 20 cm box. One 3 
leafed seedling tomato cv. `Kyoryoku-beiju' 
was planted in each box filled with fumigated 
soil on March 18, 1975, and grown under



 56 

uniform conditions in the greenhouse. The 
treatments were replicated 7 times. The main 
stem was pinched at the 3 rd node above the 
5 th cluster. Four fruits were set per cluster, 
and picked May 27 through June 26. The 
fruits in each cluster were dried at 70°C, and 
the leaves and roots were separated and dried. 
The dried fruit, leaves and roots were finely 
milled. Br content in these plant parts was 
determined by the same method as described 
in a previous paper (9). Soils were sampled 

just after MBr fumigation and at the end of 
the experiment, and water soluble Br was 
determined by the same method as described 
in a previous paper (9). 

 2. Peppers. 
 To determine the effects of soil fumigation 

with MBr on the growth and Br uptake of 

peppers, the treatment of 4 dosage levels of 
MBr, 0 g/m3 (not fumigated, 0 S), 100 g/m3 

(0.5 S), 200 g/m3 (standard, 1 S) and 400 g/m3 
(2 S) was made in 7 replications. The soil 
used, the fumigation method and fertilization 
amounts were the same as described in the 
tomato experiment. One pepper seedling with 
8 leaves of cv. `Suigyoku No. 2' was planted 
in each box filled with fumigated soil on Ap-
ril 3, 1975, and grown in the vinylhouse. 
Fruit sized 25 to 30g was picked May 7 through 
June 18. The fruit was sorted into early (May 
7 through May 21), mid (May 22 through 

June 4) and late (June 5 through June 18) 
pickings, further sectioned into flesh (socalled 
fruit) and seeds, dried and milled. The 
leaves, stems and roots were separated, dried 
and milled. Br content in the plants and 
soils was determined by the same method as 
described in the tomato experiment. 

 3. Eggplants. 
 To determine the effects of soil fumigation 
with MBr on the growth and Br uptake of 
eggplants, the treatment of 4 dosage levels 
of MBr (0, 0. 5, 1 and 2 S) was made in 7 
replications. The soil used, the fumigation 
method and fertilization amounts were the 
same as described in the tomato and pepper 
experiments. One seedling with 5 leaves of 
eggplant cv. `Senryo' was planted in each 
box filled with fumigated soil on April 3, 
1975, and grown in the vinylhouse. Fruit 
sized 60 to 80 g was picked May 9 through
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June 23. The fruit was sorted into early 
(May 9 through May 31) and late (June 1 
through June 23) pickings, further sectioned 
into calyxes and the remaining part of fruit 

(so-called fruit), dried and milled. The lea-
ves, stems and roots were also separated, 
dried and milled. Br content was determined 
on these plant parts and soils. 
  4. Strawberries. 
 To determine the effects of soil fumigation 
with MBr on the growth and Br uptake of 
strawberries, the treatment of 4 dosage levels 
of MBr, 0 g/m3 (not fumigated, 0 S), 200 g/ 
m3 (standard, 1 S), 400 g/m3 (2 S) and 800 g/ 
m3 (4 S) was made in 7 replications. The 
soil used was Takamatsu light clay with an 
original pH 5.7 and 6.0 ppm water soluble 
Br, and was fumigated with MBr by the me-
thod as described before. Twelve liters of 
fumigated soils were fertilized with 3.5 g N 
from (NH4) 2S04i 5 g P205 from calcium su-

perphosphate, 4.5 g K20 from K2S04 and 15 
g Ca0 from Ca(OH)2 and 6 liters of well 
decomposed rice straw, and put into a 40x 
40>< 12 cm box. Four nursery plants of stra-
wberries cv. `Hotta-Wonder' were planted in 
the box filled with fumigated soil on Oct. 1, 
1975, and grown in the greenhouse at a mi-
nimum temperature of 12°C. Flowers were 
artificially pollinated with a hair pencil to 
assure the development of normally shaped 
fruit. Fruit was picked Nov. 27 through 
March 5. The fruit was sorted into early 

(Nov. 27 through Dec. 31), mid (Jan. 1 
through Jan. 31) and late (Feb. 1 through 
March 5) pickings, further sectioned into ca-
lyxes and the remaining part of fruit (so-
called fruit), dried and milled. The leaf 
blades, petioles and roots were also separated, 
dried and milled. To determine the changes 
of water soluble Br during the experiment, 
soils were sampled on Oct. 1 (just after fu-
migation), Nov. 15, Dec. 30 and March 5 

(at the end of the experiment). 

              Results 

  1. Tomatoes. 
 The effects of soil fumigation with MBr on 
the growth and Br content in plant parts of 
tomatoes, and on the water soluble Br in the 
soil are shown in Table 1. The fresh weight
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of fruit per plant was not influenced by MBr 
levels. Light chlorosis caused by MBr treat-
ment appeared at 1 and 2 S after picking of 
first cluster though the growth as expressed 
by the dry weights of leaves, stems and roots 
was not affected. Br content in the leaves 
was higher at 2 S, and that in the fruit of 
each cluster tended to increase with increas-
ing amounts of MBr. Water soluble Br in 
the soil just after fumigation was significan-
tly increased with increasing amounts of MBr. 
The difference in Br content between 0 and 
2 S was less at the end of the experiment. 

 2. Peppers. 
 The effects of soil fumigation with MBr on 

  Table 1.
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the growth and Br content in plant parts of 

peppers, and on the water soluble Br in the 
soil are shown in Table 2. The fresh weight 

of fruit per plant was not influenced by MBr 

levels. No chlorosis or growth suppression 
was found even at 2 S. Br content in the 

leaves and fruit at each picking time tended 

to increase with increasing amounts of MBr, 
and that in the fruit tended to increase with 
time at all treatments. Br content in the 

seeds was higher at 2 S. Water soluble Br 
in the soil at 2 S was considerably decreased 

at the end of the experiment. 

  3. Eggplants. 
  The effects of soil fumigation with MBr on

Effect of methyl bromide soil fumigation on growth and Br content of tomatoes and on Br soil content.

Table 2. Effect of methyl bromide soil fumigation on growth and Br content of peppers and on Br soil content.

Table 3. Effect of methyl bromide soil fumigation on growth and Br content of eggplants and on Br soil content.
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the growth and Br content in plant parts of 
eggplants, and on the water soluble Br in 
the soil are shown in Table 3. The number 
and fresh weight of fruit per plant were not 
affected by MBr levels. No chlorosis or gro-
wth suppression was found even at 2 S. Br 
content in the leaves and roots, and in the 
fruit and calyxes at each picking time tended 
to increase with increasing amounts of MBr. 
Generally Br was most concentrated in the 
calyxes, less concentrated in the leaves or 
fruit, and least concentrated in the roots. 
Water soluble Br in the soil at 2 S was con-
siderably decreased at the end of the experi-
ment. 
  4. Strawberries. 
 The effects of soil fumigation with MBr on 
the growth and Br content in plant parts of 
strawberries, and on the water soluble Br in 
the soil are shown in Table 4 and 5. The 
fresh weight of fruit per plant was not af-
fected by MBr levels. No chlorosis and growth 
suppression was found even at 4 S. Br content 
in the plant parts tended to increase with 
increasing amounts of MBr. Generally Br was 
least in the fruit. Water soluble Br in the 
soil just after MBr fumigation was significan-
tly increased with increasing amounts of MBr.

It was markedly decreased one and a half 
months after MBr fumigation at 1, 2 and 4 
S, and thereafter gradually decreased with 
time at 2 and 4 S. 

              Discussion 

  In general, favorable effects of MBr as a 
soil sterilant on the growth of crops can be 
attributed to the alleviation of injuries caused 
by soil-borne diseases and nematodes in con-
tinuous cropping. In the present experiments 
with tomatoes, peppers, eggplants and straw-
berries the growth and yield were not influen-
ced by MBr fumigation. One of the reasons 
appears to be attributable to the absence of 
soil-borne diseases and nematodes due to the 
use of a newly incorporated paddy soil. 

 In spite of the evaporating of residual MBr 
in soils prior to planting, light chlorosis on 
the tomato leaves caused by MBr treatment 
appeared at 1 and 2 S after picking of first 
cluster though the growth and yield were not 
affected. In another experiment authors (8) 
found the germination of tomato and spinach 
seeds very sensitive to MBr. Thus tomatoes 
may be more sensitive to MBr than peppers, 
eggplants and strawberries. 

 Inorganic Br which is present as a break-

Table 4. Effect of methyl bromide soil fumigation on growth and Br content of strawberries.

Table 5 Changes of soil Br content during the experiment (ppm of dried soil).
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down product of MBr can be taken up and 
distributed in the tissues of the plants (3, 4, 
7, 9, 11). Generally, Br content in the plant 

parts of the 4 crops increased with increasing 
amounts of MBr. However, the distributed 

pattern of Br taken up in the tissues varied 
somewhat within the 4 crops. In tomatoes Br 
content was considerably lower in the fruit, 
leaves and roots, and differences in Br content 
were not found among these tissues. In pep-

pers and eggplants Br was most concentrated 
in the leaves and calyxes, least concentrated in 
the fruit, and least concentrated in the roots. 
In strawberries Br was most concentrated in 
the leaf blades, petioles and roots, less con-
centrated in the calyxes, and least concentrated 
in the fruit. The low content of Br found in 
the fruit of the 4 crops is similar to the mus-
kmelon, cucumber and tomato results obtained 
by the authors (9) and Kempton et al (4). 
 The composition of soil plays a role in the 

penetration of MBr. Chisholm and Koblitsky 
(1) reported that the degree of sorption of 
MBr by the soil decreased in the sequence 

peat>clay>sand. In the experiments with 
tomatoes, peppers and egglants, the water 
soluble Br just after fumigation was 2. 5, 3. 9, 
5.5 and 11.6 ppm at 0, 0. 5, 1 and 2 S, respec-
tively, while in the experiment with straw-
berries it was 5. 5, 18. 5, 72.6 and 165.4 ppm 
at 0, 1, 2 and 4 S, respectively. This was 

probably due to a potential difference in the 
retention of MBr between the two soils used 
in the experiments, as Iwata light clay in the 
experiments with tomatoes, peppers and eg-

gplants had only 13.3% clay, while Takamatsu 
light clay in the experiment with strawberries 
had 35.8% clay. 

  Water soluble Br in the soil just after fumi-

gation was significantly increased with increa-
sing amounts of MBr as shown in Table 5. 
It was markedly decreased one and a half 
months after fumigation at 1, 2 and 4 S, and 
thereafter gradually decreased with time at 2 
and 4 S. These reduction in the Br levels may 
be caused by (i) daily irrigation with water, 

(ii) taking up inorganic Br formed by the 
breakdown of MBr and (iii) evaporation of 
the residual MBr during the growing period 
of strawberries. However, it was difficult to 
determine the amounts of Br lost by the causes
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mentioned above. 
  The uptake extent of Br into plant tissue is 

closely related to the amount of inorganic Br 
in the soils (3, 4, 9) . As shown in Table 1 
to 5, Br content in the tomato, pepper, eg-

gplant and strawberry plants reflected the 
water soluble Br content in the soils though 
the distributed pattern of Br in the tissues 
varied somewhat within the crops. Br content 
in the late picked pepper fruit was higher than 
that in the early picked one as shown in 
Table 2. This may be related to the greater 
root system at the late stage of pepper growth, 
and to the limited numbers and smaller size 
of the fruit. Similar results were reported on 
cucumber fruit by the authors (9). 

  Tomato, pepper, eggplant and strawberry, 
fruit on the plants grown in soils fumigated 
with 400g/m3 MBr, which is the highest do-
sage and one often being used by greenhouse 

growers, contained 186, 282, 364 and 210 ppm 
Br in dried tissue, respectively. These values 
are comparable to 9, 28, 22 and 27 ppm Br in 
fresh tissue, respectively. Although there are 
no statutory limits on the Br content of food-
stuffs in Japan except for cereal grains, maxi-
mum levels for Br in a range of foodstuffs 
have been proposed by the FAQ Codex Com-
mittee on Pesticide Residues (FAQ/WHO), 
including suggested limits of 20 to 30 ppm for 
various fresh fruits and 30 to 250 ppm for dried 
fruits. Also, in the U. S. A. tolerances for Br 
residues in plants grown in soil treated with 
various nematocides have been established by 
the FDA (12). These values are 50, 30 and 
50 ppm for tomatoes, peppers and eggplants, 
respectively, on a fresh weight basis (straw-
berries not listed). In a comparison of Br 
content in the tomato, pepper and eggplant 
fruits obtained by the authors with those by 
the FDA, Br in these fruits were within the 
tolerance limit in the soil fumigated with 400 

g/m3 MBr though Br in the pepper fruit was 
almost in the margin of the limit. When MBr 
is frequently used to sterilize soil beds, accu-
mulated Br in a soil will produce fruit con-
taining large quantities of Br which is beyond 
the tolerance limit. Thus more attention needs 
to be paid to obtaining the maximum effecti-
veness for eradicating soil-borne diseases with 
the minmum amount of MBr, and to taking
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some means for lowering Br in the fumigated 
soil before cultivation, such as leaching or 
evaporating the residual MBr as Maw and 
Malkomes (5, 10) pointed out. 
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臭化メチルの土壌 くん蒸消毒が数種野菜の臭素吸収に及ぼす影響

増 井正夫 ・糠i谷 明 ・石 田 明

(静岡大学農学部)

摘

臭 化 メチ ル(MBr)の 土 壌 くん 蒸 消 毒 が,ト マ ト,ピ

ー マ ン,ナ ス,イ チ ゴの生 育 と収 量,植 物 体 と土 壌 の 臭

素(Br)含 量 に 及 ぼす 影 響 を 明 らか にす る た め,こ れ ら

の野 菜 を 栽 培 し た.供 試4種 の野 菜 の生 育 と収 量 は,M

Brの 消 毒 に よ って 影 響 され な か っ た.4種 の野 菜 の植

物 体 各 部 のBr含 量 は,MBrの 使用 量 の増 加 と と もに

高 ま る傾 向 がみ られ た.果 実 のBr含 量を 乾物 当 た りで

み る と,MBrO,100,200,4009/m3の トマ トで は,

そ れ ぞれ99,113,129,186PPmで あ り,ピ ー マ ンで

要

は それ ぞれ77,104,181,282ppmで あ り,ナ ス で は

それ ぞれ72,124,213,364PPmで あ っ た.MBrO,

200,400,800g/m3の イ チ ゴ の果 実 のBr含:量 は,そ

れ ぞれ154,179,210,285PPmで あ っ た.MBr消 毒

直 後 の土 壌 のBr含 量 は,MBrの 使 用 量 の 増 加 と と も

に 高 ま った が,消 毒1月 半 後 に は,200,400,8009/m3

で は 著 し く減 少 し,そ の後400,800g/m3で は,徐 々に

減 少 した.


