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INTRODUCTION

Studies on the reactions of certain pesticides in soils have been 
underway in the Soil Microbiology Laboratory at Riverside since 1945. 
Early studies involved the influence of 2,4-D(2,4-dichlorophenoxyacetic 
acid) on soil microbes and its decomposition by the soil population [14]. 
The majority of the investigations, however, have been concerned with 
the side effects of certain soil fumigants, fungicides, nematicides and 
steam on soil properties and plant growth. These studies along with 
similar investigations by others have been summarized [7, 16, 20, 22].

Recent investigations have been concerned with the reactions of 
selected herbicides in soils and microbial cultures including the possible 
linkage of phenolic or aromatic degradation products of the herbicides 
into humic acid-type polymers formed by certain soil fungi [18]. For 
this report investigations underway on the reactions of bromacil in 
soil and fungal cultures will be summarized.

The substituted uracil herbicides were first described in 1962 [28]. 
Early tests indicated that the compounds were highly phytotoxic but 
exhibited low mammalian toxicty and low volatility [3, 6].

Bromacil, 3-sec-butyl-5-bromo-6-methyluracil, is distributed by E. I. 
DuPont and Company as a wettable powder containing 80% active in
gredient. It is an effective herbicide for control of annual and perennial 
bradleaf weeds and grasses [1]. It is used in Southern California citrus 
orchards and in nonargicultural areas where bare ground is desired 
It is reported to be a specific and potent inhibitor of photosynthesis [11].

G a r d i n e r  et al. [8] found that bromacil applied to Butlertown 
silt loam at the rate of 2 ppm exhibited a half life of 5 to 6 months. 
Under laboratory conditions 25% of the 14C activity of applied 214C 
bromacil was recovered as 14C 02 in 9 weeks. For these tests, however,
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the surface treated soils were irradiated with ultraviolet light. T o r g e -  
s о n and M e e (27) reported that Pénicillium paraherquei grew slowly 
on a liquid mineral salts medium bromacil as the sole carbon and nitro
gen source. Normal cropland dosage rates for bromacil range from 2 to 
3 ppm and rates on non cropland areas can be as high as 12 ppm (in
formation supplied by DuPont).

METHODS

For laboratory studies soils were obtained from the field, air dried 
and passed through a 2 mm sieve. Bromacil or 214C bromacil was added 
to a small sample of soil in ethanol and the ethanol removed by eva
poration. Sufficient quantities of this soil were thoroughly mixed with 
portions of the original soil to give the desired concentrations of brom
acil for incubation studies. Except for a flooded soil treatment, the soil 
portions with or without 0.5% additions of organic residues were ad
justed and maintained at 60% of moisture capacity (about 1/3 bar) 
and incubated at 22 ± 2C. Twenty per cent excess water was added 
for the flooded soil treatment.

The flasks were connected to a C 02 collection apparatus which passed 
C 02-free air over the soils and collected the evolved C 02 in KOH 
solution. Total C 02 evolved was determined by titration with HC1 after 
addition of Ba(Cl)2. The 14C activity of the evolved C02 was determined 
by acidification of an aliquot of the KOH and collection of the released 
C02 in 2.5 ml of NCS reagent in a scintillation vial fitted with an ab
sorption tower. The tower contents were washed into the vial with 
18 ml of PPO-toluene cocktail and the 14C activity measured in a Beck
man scintillation counter. The activity of all solid organic materials 
was determined by combustion at 970C and collection of the 14C 02 in 
NCS reagent.

For sterile soil treatments the soils were autoclaved at 121 С for 
3 hours on each of three successive days.

Numbers of soil fungi were estimated by the dilution plate method 
using peptone-dextrose-yeast extract agar with Rose Bengal and strepto
mycin [15]. A simple mineral salts medium containing 1 g of glucose 
and 0.5 g of peptone per liter was used to enumerate bacteria and 
actinomycetes.

Bromacil and some of its metabolites were extracted from soil and 
fungus mycelium by the method of J o l l i f f e  at al. [12] and from 
fungus culture solution with chloroform. The amount of extracted herbi
cide was determined by gas chromatography. Radioactive metabolites
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were separated by thin layer chromatography [8] and the position of 
the metabolites located by a Varian Aerograph Radio Scanner.

Further details of procedures will be presented under the specific 
subsections.

RESULTS

INFLUENCE ON MICROBIAL GROWTH AND ACTIVITY

The influence of 2.5, 10, 25 and 100 ppm bromacil on the decompo
sition of corn stalks was determined in neutral Greenfield sandly loam. 
Decomposition was calculated from the C 02 evolved after correction for
that evolved from the soils without added corn stalks.

The results of this test are presented in Table 1. Up to 100 ppm 
bromacil exerted no effect on the ability of the soil population to de
compose com  stalks in the soil. A second test carried out over a one 
year period and with a bean straw treatment in addition to com  stalks 
yielded similar results.

Ta b l e  1
Influence of bronacil on decomposition of corn stalks 

in Greenfield sandy loam

Bromacil added 
ppm

Percentage decomposition of corn stalks after

5 days 12 days 26 days

None 30 41 54

J 32 43 55

10 32 43 56

25 34 41 57

100 34 45 57

The effect of bromacil added to the plating medium on the numbei' 
of fungus colonies developing on the plates was determined. For the 
test the fungus plating medium with and without the organic in
gredients, was used. The results with four soils are given in Table 2. 
In concentrations up to 10 ppm the herbicide did not significantly effect 
the numbers of colonies developing on the plates. Examination of the 
kinds of fungi developing also indicated no significant effects. The 
colonies growing on the medium without the organic ingredients were
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very diffuse and mostly light colored in appearance. Microscopic exa
mination, however, revealed that they consisted of different species and 
were essentially the same as those found on the normal medium.

Ta b l e  2
The influence of the addition of bromacil to the plating medium on the numbers of fungus 

colonies developing from four cropland soils

Soil
Number of fungus colonies in thousands in 1 

dry soil dveloping on medium containing: g of

ppm bromacil
0 0.3 1.0 3 10

Organic carbon ingredients added to medium

Ramona sandy loam 1 92 105 97 132 105
Chino clay loam 337 290 240 337 333
Ramona sandy loam 2 92 140 100 110 105
Greenfield sandy loam 103 153 190 190 187

Ho organic carbon ingredients added to medium

Ramona sandy loam 1 110 110 117 112 118
Chino clay loam 350 253 233 293 253
Ramona sandy loam 2 110 92 128 82 87
Greenfield sandy loam 147 177 203 207 187

Soil samples from several field plots treated 3 to 6 months previously 
with 0.4 and 8 ppm bromacil were plated for bacteria plus actinomycetes 
and fungi. No effects were noted on numbers of organisms developing 
nor on the kinds of fungi growing on the plates.

The influence of 5.33 ppm bromacil on growth and activity of three 
soil fungi which synthesize humic acid-type polymers is presented in 
Table 3. The cultures were incubated for 8 weeks. The presence of the 
bromacil did not significantly influence growth and C 02 evolution by 
the fungus nor the synthesis of the humic acid-type polymers. The E. ni
grum culture after several years growth in artificial culture produced 
only very small quantities of the phenolic polymers although relatively 
good yields were obtained when the culture was first isolated from the 
soil [17].

DECOMPOSITION OF BROMACIL BY SPECIFIC FUNGUS SPECIES AND IN SOIL

Preliminary studies have been made on the decomposition of brom- 
acil or its utilization by common soil fungi. For one test 26 species were 
cultured in Capek’s solution without a С source and with 0.05% brom
acil. After one month the cultures were homogenized by ultrasonic
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vibration and relative growth estimated by measuring optical density 
at 550 mu. The culture solutions of replicate treatments were extracted 
with chloroform after removal of the mycelium and the recovered brom
acil determined.

Ta b l e  3
Influence of bromacil on growth, C02 evolution and synthesis of humic 

acid-type polymers by Stachybotrys chartarum, Hendersonula 
toruloidea and Epicoccum nigrum

Fungus
Treatment *

Check 5*33 ppm bromacil

Dry weight of mycelium, mg **

S, chartarum 141 136
H. toruloidea 297 302
E. nigrum 720 690

Сi evolved as C02* mg **

S. chartarum 628 623
H. toruloidea 731 717
£• nigrum 888 893

Humic acid-type polymer recovered, mg **

S. chartarum 161 159
H. toruloidea 227 203
E. nigrum Trace Trace

* Culture grown in medium containing 2,0 g EHgPO^, 0.5 g MgSO^.TI^O,
0,2 g .KCl, 5.0 g peptone and 30 g glucose in 1 liter of tap water.

** In or from 100 ml of culture medium.

Nearly all the cultures made sparse but visibly better growth in the 
presence of bromacil than in the solutions without a С source (Table 4). 
The better growth was substantiated by the optical density measure
ments. From 53 to 88 per cent of the added bromaoil could be recovered 
from the nutrient sodution after incubation.

These results suggested that the fungi were utilizing the bromacil 
molecule or parts of the molecule as a С and energy source but the 
reduced recovery percentages could also be related to adsorption of 
bromacil by the fungus mycelium and culture solution products. To check 
this point several of the fungus pads were extracted with chloroform
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and the quanity of bromacil in the extracts was determined. From 2 to 
12% of the added chemical could be extracted from the mycelium.

A further test was made involving 10 fungus species and 2-14C (ring) 
labeled bromacil. For one series 2% glucose was added to the solution. 
Without glucose about 1 to 2% of the added activity was recovered as 
14C 02. With glucose 2 to 3% recovered. A further test with 3 species 
over a longer incubation period yielded about 1% recovery. These per
centages are very low and may be within the range of experimental 
error.' They indicate that the fungus species do not readily break the 
bromacil ring and any degradation must occur on the aliphatic side 
chains.

T a b l e  4
Relative growth, of 26 fungus species in Czapek s solution without a С source and with 0.05£ 

bromacil and recovery of unaltered bromacil from the culture solutions *

Species
Relative growth * * Bromacil recovered from

■ vUi« gUXUvXvU
Но С source 0.0%  bromacil %

Control 35 35 100
Aspergillus sulfureus 36 51 53
A. versicolor 37 50 67
A. tamarii 36 50 67
A. terreus 36 51 71
A. ni du Ians 37 48 73
A . sydowi 36 48 80
A. fumigatus 35 48 81
A. niger 36 44 88
Pénicillium lilacinum 40 51 53
P. purpurogenum 39 54 56
P. notatum 39 55 53
P. funiculosum 35 53 67
P. chrysogenum 37 48 71
P. spinnlosum 35 51 71
P. frequent яда 35 52 78
P. restrictiua 36 47 84
Stachybotrys с hartarum 39 55 59
S. atra 40 53 53
Stemphylium sp. 37 53 53
Rhizopus nigricans 37 51 59
Pullularia pullulans 36 50 64
Alternaria tenuis 37 51 67
Fusarium solani 36 47 73
tfucor sp. 36 48 84
Tri chodem a viride 36 49 84
Hendersonula toruloidea 35 44 88

* Cultures incubated for 1 month.
* *  Percentage light absorption based on distilled water equal to 0.
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Culture solutions from the species making the greatest apparent 
growth were, therefore, extracted with chloroform and the extracted 
bromacil and certain degradation products separated by thin layer chro
matography. Two to 4 radioactive spots were noted from most of the 
cultures. The most pronounced spot with most cultures was unaltered 
bromacil. These tests indicate that many soil fungi are able to partially 
degrade the bromacil molecule probably by oxidation of the aliphatic 
side chains but the ring is highly resisatnt and is not cleaved.

Decomposition of 2-14C bromacil was studied in neutral Greenfield 
sandy loam. At optimum moisture conditions only about 11% of the 
added activity had evolved as 14C 02 after 330 days (Fig. 1). With 0.5% 
com stalks or bean straw about 17% decomposition occurred.

Time Idaysj

Fig. 1. Decomposition of 2 -14C 
bromacil and uracil and of glucose 

in Greenfield sandy loam

In flooded soils less than 1% of the added activity was evolved as 
14C02 in both the presence and absence of added organic residue. Ap
proximately 90% of the residual activity in the soils incubated at favo
rable moisture conditions could be recovered as unaltered bromacil. 
Under anaerobic or flooded conditions, however, all of the bromacil 
was lost and the activity was present in a metabolite. The presence of 
added organic residue decreased the rate of transformation of the brom
acil to the metabolite in the flooded soil. No decomposition was noted 
in sterile soils.

For comparative purposes the decomposition of uracil was tested. 
It decomposed very rapidly and within two weeks virtually all of the
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added activity was recovered as 14C 02. When bean straw was added 
the decomposition percentage was reduced.

Possible Incorporation of Uracil Derivatives or Bromacil Degradation

PRODUCTS INTO FUNGAL AND MODEL HUMIC ACID-TYPE POLYMERS

Many soil fungi synthesize dark colored polymers in the cells, in the 
culture medium or both which are similar to soil humic acids [17, 19, 
24, 25]. The fungi which produce these polymers synthesize numerous 
phenolic compounds many of which can be recovered by Na-amalgam 
reduction of the polymers [21]. If phenols not synthesized by the part
icular species including lignin-type phenols are added to the culture 
solutions of the fungi or are placed under the fungus pads they or their 
transformation phenols are incorporated into the polymers [9]. Many 
pesticide chemicals have a benzene ring moiety. It is therefore highly 
possible that these pesticides or partial degradation products could be 
incorporated into fungal or soil humic acids.

Tests with 2,4-dichlorophenoxyacetic acid have demonstrated that 
about 30% of the activity of ring labeled 2,4-D was incorporated into 
the humic acid-type polymers of H. toruloidea (18). Use of side chain 
labeled chemical showed that this species readily cleaved the side chain. 
Adsorption tests showed that only very small percentages of the activity 
was adsorbed on the humic-type polymers under the conditions of re
covery of the polymers. Similar tests with S. chartarum showed about 
13% incorporation of ring labeled 14C 2,4-D into the dark polymers. 
Utilizing mixtures of phenols similar to those synthesized by the fungi 
and mushroom phenolase, humic-type polymers similar to the fungus 
polymers are formed [9, 19].

Similar tests were made to determine whether or not uracil deri
vatives including bromacil could possibly be incorporated into fungal 
or model polymers. For the latter tests 3 mmoles each of the phenods 
listed in Table 5 were dissolved in 1500 ml of phosphate buffer at 
pH 6.5. For each polymer 1 gram of cold uracil-type compound, 2 цс 
o f labeled compound and 200 mg of mushroom phenolase were added 
to the phenol mixture and the solution aerated for 5 days. The pyri
midine compounds were labeled in the 2 (ring) position. The solutions 
were then concentrated to half volume at 65C, dialysed against frequent 
changes of distilled water and the humic acid-type polymer precipitated 
by acidification to pH 1.5 with HC1. The polymer was recovered by 
centrifugation and washing with HC1 at pH 2.0 followed finally with 
distilled water and freeze-drying. A second series of polymers was pre
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pared by autoxidation at pH 8.0. For the autoxidation series 6 mmoles 
of 2,3,4-trihydroxybenzoic acid was used in the mixture.

The pyrimidine compounds used and their apparent incorporation 
into the model polymers is given in Table 6. With the exception of 
thiouracil only 0.26 to 2.0% of the recovered humic acid consisted of 
the pyrimidine compounds. These small concentrations could represent

Ta b l e  5
Phenolic compounds used to prepare 

model humic acid-type polymers

Catechol
Phloroglucinol
2.3.4-trihydroxy benzoic acid 
p-hydroxy benzoic acid 
Gallic acid
3.5-dihydroxy benzoic acid 
Protocatechuic acid 
Pyrogallol
2.6-dihydroxy benzoic acid 
p-cresol
Orcinol
2.4-dihydroxy benzoic acid 
Methyl phloroglucinol 
Caffeic acid
2.6-dihydroxy toluene
3.4-dihydroxy toluene

Ta b l e  6
Possible incorporation of uracil-type compounds into model phenolic polymers

Compound Yield
g

Activity
DPM/mg

Pyrimidine compound 
in polymer

%

Phenolase polymers

Uracil 1.0 77 1.7
Thymine 0.7 41 0.9
Thiouracil 1 .1 273 6.2
5-Bromouracil 0.8 92 2 .1
Uridine 0.6 62 1.4
Bromacil 1.2 23 0.5

Autoxidative polymers

Uracil 0.9 38 0.9
Thymine 1.0 31 0.7
Thiouracil 1.2 158 3.6
5-Bromouracil 0.8 53 1.2
Uridine 0.9 42 0.9
Bromacil 1.0

1
25 0.6
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adsorption. Thiouracil constituted 3.56% of the autoxidative and 6.16% 
of the phenolase polymer. Tests are underway to determine whether 
or not the apparently incorporated pyrimidines are stabilized against, 
microbial decomposition in soil. The uracil compounds were not incorpo
rated into the fungus polymers in significant quantities.

DISCUSSION

These studies show that at normal field dosage rates and even at 
rates many times greater bromacil does not effect the ability of the 
soil population to carry on its normal function of organic residue de
composition. In pure culture it does not effect neihter biomass formation, 
nor C 02 evolution or synthesis of phenolic polymers by soil fungi. Also 
even in the absence of organic substances it does not influence the germi
nation of fungus spores or development of other propagules on fungus 
plating media. It is, therefore, very unlikely that the use of this herbicide 
in soils will adversely influence microbial growth and activity in the 
soil, a conclusion which has been reached by similar studies with other 
herbicides [2, 4].

On the other hand bromacil decomposes very slowly in the soil. 
After one year only about 11% had degraded under optimum moisture 
conditions. The decomposition rate can be accelerated by addition of 
organic residues to the soil which has been a common observation for 
many pesticides [16]. Uracil on the other hand, decomposes as quickly 
as glucose in soil. In the presence of organic residue the rate of de
composition is somewhat reduced. This indicates that the microbes in
volved in the decomposition of the complex organic residue are utilizing 
the intact uracil molecule for synthesis of nucleic acid in their cells [23].

The greater than 90% decomposition of the uracil molecule would 
suggest that the organisms involved are not utilizing the substrate for 
biomass and product synthesis. Actually this is only apparent. When 
the uracil ring is cleaved between a ring С and N, ammonia and 14C 02 
from the 2-14C are spontaneously liberated (see Fig. 2). This leaves 
a beta amino acid which could be utilized by the microbes as a С and 
energy source.

Under flooded or anaerobic conditions the ring of bromacil was ex
tremely resistant to decomposition. Virtually no 2-14C had evolved as 
14C 02 even after 145 days. On the other hand, the bromacil molecule 
was partially degraded to a metabolite much more quickly under anae
robic conditions than under more favorable moisture conditions. Many 
pure cultures of fungi degraded the bromacil side groups but did not 
cleave the ring.
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оII
NADPH+H* NADP+

0п

H
Uracil Dihydrouracil

H

U °^ N̂ un2  *
H

N-carbamyl-ß-alanine

C %  + NH3 + HzNCH2CH2C00H
ß - alanine

Fig. 2. Uracil degradation in higher 
organisms and microorganisms [10]

One degradation product isolated from a Pénicillium sp. culture was 
collected and an IR and NMR spectra determined (Fig. 3). The meta
bolite resembles a terbacil metabolite isolated from dog urine by Rhodes 
et al. which he called metabolite С (26). The metabolite spectrum shows 
a disappearance of the NH stretch at 3200 cm-1 and the appearance

of an OH stretch at 3350 cm“ 1 and an ether stretch at 1260 cm“ 1. The 
NMR spectrum of the metabolite displayed three singlet peaks which 
were located at 8.70 T, 7.39 T, and 6.10 T and had relative areas of 11, 
14, and 5 respectively. This information indicates the presence of a CH3, 
CH2 and CH groups and a possible structure of the metabolite is indicated 
in Fig. 3.

3000 2 000 1000
Frequency (cm ~1)

1000

Fig. 3. Infrared spectra of bromacil 
(upper) and metabolite (lower)
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Uracil derivatives are found in very small concentrations in soil 
humus. The quantities are so small that some investigators believe they 
could be derived from microbial cells present in the humus [5]. It is also 
possible that if these type compounds were actually chemically linked 
into the humic polymers the methods of isolation may not release them. 
The studies with model phenolase phenolic polymers suggest that it is 
very unlikely that appreciable amounts of bromacil or most other uracil 
derivatives are linked into soil humic polymers in unaltered form. An 
exception may be thiouracil but only small quantities of this compound 
are formed by microorganisms [13]. The thiouracil could be linked 
through the SH group which is present in solutions at pH 6.5

CONCLUSIONS

1. At normal field dosage rates it is very unlikely that bromacil 
will adversely effect the ability of the soil microbes to carry on their 
normal functions of organic matter decomposition in soil.

2. Bromacil decomposes rather slowly in soil. In 330 days only 11% 
was destroyed based on 14C02 evolution from 214C (ring) labeled com
pound. Application of organic residues increases the rate of decom
position. Under aerobic conditions the undegraded bromacil can be 
largely recovered as unaltered bromacil indicating that once degradation 
starts it quickly proceeds to ring cleavage. Under anaerobic conditions, 
however, the ring is highly resistant but the formation of a metabolite 
or metabolites is accelerated.

3. Virtually no degradation of bromacil occurs in sterile soil.
4. It appears unlikely that significant quantities of bromacil or its 

partial degradation products are incorporated into soil humic polymers.
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D. C. W OLF, D. I. B A K A L IW A N O W , J. P. M ARTIN  

PRZEMIANY BROM AC ILU W  GLEBIE I KULTURACH GRZYBÓW  

Uniwersytet Kalifornijski, Riverside, Kalifornia, USA

S t r e s z c z e n i e

Rozkład bromacilu w warunkach tlenowych w żyznej glebie o odczynie obo
jętnym trwał 330 dni i wynosił zaledwie 11% ilości herbicydu dodanego do tej 
gleby. Dodatek substancji organicznych zwiększył ten rozkład do 17%. Uracil 
rozkładał się tak samo szybko jak glukoza.

W  warunkach beztlenowych gleb nasyconych wodą pierścień bromacilu był 
wyjątkowo odporny na rozerwanie, aczkolwiek łatwo powstawały jego metabolity.
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д . Ц. ВОЛЬФ, Д. И. Б АК АЛ И ВАН О В, И. П. М АРТИ Н

ПРЕВРАЩЕНИЯ БРОМАСИЛА В ПОЧВЕ И В КУЛЬТУРАХ ГРИБОВ 

Калифорнийский Университет, Риверсайд, США 

Ре з юме
Бромасил в дозах 2,5-100 ppm не влияет отрицательно на микробиологи

ческую активность в почве и в культурных средах. В аэробных условиях 
плодородной нейтральной почвы бромасил разлегается в 11 процентах к те
чении 330 дней. Прибавка органических веществ увеличивает это количество 
до 17%.

Урасил разлагается так-же быстро как глюкоз. В анаэробных условяих 
заливных почв кольцо бромасила ращепляется с большим трудом, но обра
зование метаболитов проходит быстро.


