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SUMMARY 

A study was made of the effects of a wide range of modern fungicides 

on the microbiology and biochemistry of soils. 

The addition of fungicides to laboratory incubated soils led to 

marked changes in the soil microbial equilibrium. Initially fungal 

potential was decreased, but soon recovered to exceed that of the control 

at the end of 28 days. Bacterial numbers on the other hand increased 

dramatically following treatment. Similar changes were seen in field 

soils which had been treated with fungicides. The response of the 

CellulOlytic fungal flora to field treatment with fungicides was also 

studied. Changes in the pattern of recolonization occurredv with 

spe cies such as T. koningii, and P. nigricans becoming dominant. 

Cellulolytic fungi were largely insensitive to the addition of fungicides 

to their growth medium. ' 

Marked changes in the mineralization of nitrogen followed fungicide 

treatment. In the field all the fungicides used inhibited nitrification 

to a greater or lesser extentp while levels of the ammonium ion were 

increased. Similar changes were seen in laboratory incubated soils. 

Here treatment with high concentrations of fungicides led to nitrification- 

inhibitionp while an increase in nitrate production often followed 

treatment with low concentrations. The amounts of ammonium-N in 

these soils increased dramatically following treatment. 
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Towards the end of the incubation period (28 days) low concen- 

trations of fungicides led to increases in the total free amino- 

acid-N content in soil, while the converse was true of high concentrations. 

Addition of fungicides also led to qualitative changes in the free 

amino acid content of soils. 

Increases were seen in certain metal ions including K. Na, Mn 

and Zn in fungicide treated soils. 

A compound exhibiting auxin activity was extracted and characterised 

as 3-Indole-pyruvic acid. Howeverg the exact origin of this compound 

is unknown. It seems likely that it was an extraction artefact 

since IPyA is highly unstable under the extraction conditions which 

were employed. The potential for soil auxin activity existed howevert 

and was increased two-fold by the addition of the fungicide Captan 

to the soil. - 

Finally the possible effects of these changes on soil fertility 

are discussed, particularly in relation to the increased growth response 

phenomenon, associated with the partial sterilization oUsoil. 
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GENERAL INTRODUCTION 

Fungicides are used extensively in modern agriculture and horti- 

culture in the control of plant pathogenic fungi. These chemicals are 

applied directly to the soilp or enter as run off from treated aerial 

systems, or from drifting sprays. Thus the soil receives an array 

of complex organic compounds many of which are active against micro- 

organisms other than the fungi. Since soil fertility is dependent 

to a large extent on the activities of micro-organisms it is essential 

that the effects of fungicides and other pesticides on the microbiology 

and biochemistry of soils be continually monitored. 

The action of a fungicide in the soil depends on a number of 

complex chemicalp biological and physical factors, which have been 

reviewed by Kreutzer (1963)9 Goring (1970) and Wolcott (1970). In 

particular the physical properties of a soil, including organic matterv 

clay content, pHq cation exchange capacityp adsorptionp leaching and 

volatility, can influence the-action of fungicides. Adsorption of 

fungicides onto clay minerals and organic matter is particularly 

important in relation to their availability to soil micro-organisms. 

Adsorption follows the formation of a variety of bondsp including 

covalent bondsp hydrogen bondsv and Van der Waal's forces. 

The type of clay mineral in the micelle and the degree of micelle 

hydration is critical (Kreutzer, 1963). Similarly bonding is important 

in relation to organic matter, and increases in organic matter tend 

to lead to increased adsorption, and therefore decreased efficiency 

of the fungicide. 
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Another of the principle factors which determine& the activity 

of a fungicide in soil is its degree of persistence. The persistence 

of a chemical in soil depends upon a number of factors which have been 

reviewed by Domsch (1964) and Munnecke (1967). The major factor 

appears to be the extent to which the chemical can be degraded by 

micro-organisms. 
'Some 

workers consider that the soil microflora 

generally possess or can acquire the capacity to degrade any compound 

which is capable of being synthesised -a phenonomen described as 

"microbial infallibility". The implications of this concept have 

been discussed by Alexander (1968). 

Other factors which affect the efficiency of fungicides in soils 

include, the type of formulation used, and such environmental variables 

as soil temperature and soil water content. 

At present there is a great deal of controversy surrounding the 

I use of pesticidesp particularly the organo-chlorine insecticides such 

as D. D. T. (Gunn, 1972ý, Moore, 1972). Fungicidesq with the exception 

of the organomercurials, have generally escaped such criticismo because 

-they tend to be non-persistent and do not accumulate in food chains. 

Most of the current emphasis in fungicidal research is being 

placed on the development of systemic compounds possessing a high 

degree of specificity. However, even these compounds may have a 

deleterious effect on the environment. Benomyl for examplev has been 

found to reduce the earthworm populations of soils (Stringer and Wright, 

1973). 
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It appears that fungicides will continue to be used in agriculture 

and horticulture in the foreseeable future, unless some major break- 

through in biological control takes place. Alexander (1968) summed 

up the current situation when he said, "Pesticides are hazardous 

chemicals. Howeverv they are the best weapons for controlling pests 

that man has ever devised .... We have to live with pesticides, 

there are too many mouths to feed". 

I 
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. THE EFFECT OF FUNGICIDES ON THE MICROBIOLOGY OF SOILS 

Introduction 

The perfect fungicide is non-persistent, and selectively kills, 

or inhibits the growth of pathogenic fungiv without affecting non- 

target saprophytic micro-organisms (Corden and Young, 1965). However, 

since fungicides are designed to inhibit cellular processes common 

to most micro-organisms such specificity is rarely achieved. 

The addition of a fungicide to soil results in a-change in the 

microbial equilibrium. It favours those groups resistant to its 

action, or able to exploit the partial vacuum left by non-resistant 

forms. Since fungicides are formulated to eliminate pathogenic fungi 

it is reasonable to assume that all fungi will be more or less sus- 

ýeptible. Howeverv the physiological activities of soil fungi are 

extremely variable, so that a fungicide which is capable of killing 

a muccraceous species for exam ple may have no effect on a member 

of the Deuteromycetes, Kreutzer (1965) reviewed the literature 

relating to the recolonization of treated soils. He considered the 

factors which determine the final degree of alteration of treated 

soilsp which in turn determine the type and degree of re-infestation. 

These factors were 

(1) The nature and quantity of biological and chemical residues 

remaining in the critical zone after treatment, 

(2) The nature and quantity of available-substrates or specific 

energy sources remaining in, or introduced into the treated soil 

zone. 
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(3) The degree of competitive saprophytism of potential invaderso 

and from the resistant portions of the original microflora. 

The following experiments were designed to determine what effect 

a wide range of fungicides would have on microbial populations in 

soils. In the first instance these involved monitoring the effects 

of the fungicides on actinomycete, bacterial and fungal populations 

in the field and in soil brought into the laboratory. These were 

followed by a study of the recolonization of treated field soils 

by cellulolytic fungi. 

Captan was chosen for laboratory studies because it is a successful 

broad-range fungicide in wide use at the present time. Numbers of 

heterotrophic bacteria and fungi were determined over a 28 day 

period after treatment, while the initial effect of Captan on 

actinomycetes was determined after 2 days. 

Evaluation of changes in the microbial population of soil is 

greatly influenced by the isolation technique used. In the present 

stUdy,. the use of the dilution plate technique may give a distorted 

pic. ture. of the changes which take place in the microflora following 

treatment (Corden and Youngt_19,65). The technique favours fungi 

which sporulate heavily, and thus selects against sterile mycelia. 

In normal practice it also tends to isolate aerobicq heterotrophic 

and mesophilic species of bacteria. However both Jensen (1968)9 

and Garrett (1963) have considered that the technique is capable of 

demonstrating the reaction of the soil microflora to different soil 

treatments. 
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Laboratory experiments were extended by the use of field trials 

at the University of Nottingham School of Agriculture, and at 

Rothamsted Experimental Station. Soil conditions in the field, 

where fungicides are normally applied, are far more variable than 

are those in soil sampleswhich are incubated in the laboratory. 

Field soils constitute an "open-system" in which micro-organisms 

can invade treated soils both vertically and laterally. The pattern 

of recolonization of such soil is likely to differ greatly from soils 

treated in the laboratory. Here the soils are incubated in sterile 

conditionsq and thus begin with a "fixed" microbial population. 

In addition fungicides are intimately mixed with soil in the laboratory, 

while in the field the amount of active ingredient will vary from 

locally concentrated to absent. Because of these difficulties of 

obtaining good dispersal within the soil, changes seen in the micro- 

biology of treated laboratory soils are likely to be more pronounced 

than those observed in the field. 

A large proportion of this section is devoted to the changes 

which take place in the cellulolytic, fungi following the application 

of-fungicides in the field. The pattern of recolonization of treated 

soils was determined over a 157 day period and the results show changes 

at the species level. Fungi are the major degraders of plant material 

in acid soilsp (Alexander, 1961)9 and their elimination may have 

serious effects on the rate at which organic matter is broken down 

(Pugh and Williams, 1971-, Williams. 1973). 

Fungicides are now widely used in agriculture to control plant 

diseases caused by fungi. It is essential that their effects on the 

saprophytic microflora of soils be continually monitored. Mellanby 



(1970) put it succinctly when he said "The effects of small doses 

of organomercury and other fungicides over long periods need to be 

observed. It is possible that effects on saprophytic soil fungi 

are more important than has been realized. " 



Fig. 1 Details of Latin Square at Sutton Bonington 
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Materials and Methods 

Incubation Experiments 

Soil samples from Sutton Bonington were used in the incubation 

studies. The samples were incubated under conditions optimal for 

microbial activity, or for the process under study. Soil was freshly 

collected and sieved (< 2 mm), fungicides were applied as solutions 

or suspensions and then mixed thoroughly. Soils were then brought to 

66% of their water holding capacity and incubated in sterile Erlenmeyer 

flasks covered with "Parafilm" sealing tissue. 

(2) Field Experiments 

Incubation studies were supplemented by field trials. Experi- 

mental plots were laid out at Sutton Bonington and at Rethamsted 

Experimental Station. In both experimental plots, treatments were 

randomised. 

(a) Sutton Bonington 

A latin square was laid out at Sutton Bonington. The plot 

consisted of a square 15 x 15 m, divided into 25,3 x3m sub- 

squares (Fig. 1). Fungicides were applied in solution or in 

suspension as the formulationv at the rates shown in Table I. 

Each treatment occurred once in each row and column (Fig. 1). 

The plots were sampled by placing a grid on each 3m square. 

Numbersp taken from tables of random numbers, (Fisher and Yates, 

1963) were then used to locate a point in the 3m square. A 

soil core (10 cm deep x3 cm) was then removed at this point with 

a soil-borerv and placed in a sterile polythene bag. Three 

random 'Cores per 3m square were takenj making a total of 15 

samples per treatment. 



Fig. 2 Details of randomised field plots at 

Rothamsted . 
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Rothamsted 

A split-plot design was used at Rothamsted (Fig. 2). Each 

"square" was 2.5 mx4m and each treatment was replicated four 

times. Fungicides were applied at the rates shown in Table 2. 

Sampling was achieved by distributing polythene bags randomly 

and then sampling where they fell. A soil core (10 cm deep x 

3 cm) was removed at this point, and placed in sterile polythene 

bags. Four cores per square were takeng making a total of 

16 samples per treatment. On arrival in the laboratory, samples 

were stored at 00C until required. 

Laboratory Experiments 

Sutton Bonington soil was sieved(< 2 mm) and weighed into 

100 g. portions. Suspensions of Captan in sterile distilled water 

were then added and mixed thoroughly, so as to attain 66% of the water 

holding capacity and final concentrations of 5.25,50 and 100 gg 

active ingredient (AI) of Captan per g of soil. Samples of soil 

(250 g) were then transferred to sterile 250 ml Erlenmeyer flasksp 

which were covered with "Parafile' sealing tissue and incubated at 

25 0C for 28 days. Four replicates per concentration plus an equal 

number of controls were included. At 7 day intervals 1.0 g samples 

of soil were removed for the preparation of dilution plates. Twelve 

replicates of three serial dilutions were prepared using Czapek-Dox 

agar plus streptomycin (50 mg/1) for fungal enumeration; yeast- 

extract agar (Stevenson and Rouatt, 1953) for bacterial counts, and 

glycerol-arginine medium (Porter, Wilhelm and Tresnert 1960) for 

determination of the numbers of actinomycetess Plates were incubated 

for 7 days for bacterialp and 10 days for fungal and actinomycete counts, 



Table I Field Rates of glication of Fungicides 
(Sutton Bonington) 

Fungicide Rate of Application 
Kg. /h. 

Captan 

Dic loran 

Milcol 

Triarimol 

52.6 

1.65 

5 1. /h. 

2.0 
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Field_ Experiments 

Numbers of bacteria and fungi were also determined following field 

treatment with fungicides. Four fungicidest Benomylp Captang 

Quintozene and Thiram, were applied to the Rothamsted field plots at 

the rates shown in Table 2. Twenty-eight days after application 

the numbers of both bacteria and fungi were determined as above. 

Twenty plates per treatment, plus controls were made from each of the 

four replicate samples. 

In addition fungal numbers were determined over a 157 day period 

at Sutton Bonington following the application of fungicides, at the 

rates shown in Table 1. 

Field Experiments on the Effect of Fungicides on the 

Cellulolytic Microfungi of Soils 

Water suspensions of Captan, Dicloran, Milcol and Triarimol were 

applied to the Sutton Bonington field plots at the rates shown in 

Table 1. Samples of soil were removed after 3.159 319 58v 103 

and 157 days, and transported to the laboratory in sterile polythene 

bags. Fifteen core-samples per treatment were taken and five soil 

plates per sample were prepared making a total of 75 plates per treat- 

ment. Cellulolytic fungi were isolated using Warcup's technique 

(1957) and cellulose agar (Eggins and Pugh 
f 
1962). Cellulolytic 

species were identified after incubation at 25 0C for 10 days. 

Species were recorded on a presence or absence basis on each platep 

and the percentage frequency of isolation of each species was deter- 

mined following fungicide treatment and compared with that of the 

control. 



Table 2. Field Rates of Application of Fungicides (kg/ha) 

(Rothamsted) 

Fungicide 

Benomyl (a) 

Benomyl (b) 

Captan 

Dicloran 

Forma 1 in 

Quintozene 

Thiram 

Application Application 

20 

4 

9 

2 

500 1/ha 

5.6 

4 

11.2 

6.7 13.4 



Effect of Fungicides On The Growth of Selected Soil Fungi 

The effect of dilutions of the fungicides used above on the growth 

of selected soil fungi was determined by dry weight of the mycelium 

after growth in a liquid medium plus fungicide. 

The medium used in growth studies was modified Czapek's-Dox 

liquid medium pH 6.8 (Oxoid C. M. 95). Howeverg Mucoraceous forms 

failed to grow in this medium. The problem was overcome by the use 

of Dickinson and Boardman's (1970) medium. Aliquots of liquid medium 

(99 ml) were autoclaved at (15 p. s. i. ) for 20 mins. in 250 ml 

conical flasksg stoppered with foam bungs. On cooling a1 ml suspension 

of the fungicide in sterile distilled water was added aseptically, 

to give final concentrations of 5.10, and 50ý, Lg (formulation) per ml 

of liquid medium. The flasks were then inoculated with a5 mm disk 

removed from the margin of an asporogenous culture grown on solid 

medium. Care was taken to use colonies at the same growth stage. 

The flasks were incubated at 25 0 C. on a reciprocal shaker (100 strokes 

per minute). After 7 days incubation the medium was removed by 

suction filtrationo and the mycelial pellets harvested onto tared 

filter papers which had been previously dried to constant weight at 

100 0 C. After filtration the mycelium plus filter paper was dried 

at 100 0C to constant weightt cooled in a desiccatort and then weighed. 

Four replicates per dilution were included plus an equal number of 

controls. The following fungi were used : - 

Fusarium culmorum; Gliocladium roseum; Penicillium nigricans; 

Trichoderma koningii,; and Zygorhynchus moelleri. 

These Species were frequently isolated from the field soils and 

were of special interest because they were particularly resistant or 

susceptible to fungicide treatment. 



Fig. 3. The effect of Captan on the heterotrophic 

bacteria of soils 
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Fig. 4(a) The effect of Captan on the numbers 

of actinomycetes in soil 

Fig. 4(b) The effect of Captan on the numbers 

of fungi in soil. 
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RESULTS 

1. The Effect of Captan on the Soil Microflora under Laboratory 

Conditions 

The effect of Captan on the numbers of heterotrophic bacteria 

in soil is shown in Fig. 3. Soils treated with the high concentration 

of the fungicide showed a marked proliferation of bacteria after 2 days. 

Following treatment with 5 gg Captan per g of soil however, the numbers 

remained similar to the control. Different patterns then emerged 

depending on the concentration of fungicide used. At the highest 

concentration (100 jig per g), the numbers of bacteria continued to rise 

over the incubation periodq so that after 28 days these contained over 

twice as many bacteria as the untreated controls. With Captan at 50 

per g of soil a peak in bacterial numbers occurred after 14 days. 

Numbers then fell to a level below the control after 28 days. A 

similar peak followed application of Captan at 25 gg per g of soil. 

Here however, the peak was smallerp and occurred after only 7 days. 

Again the numbers of bacteria then declinedq to reach a level less 

P9 

than the control at the end of the incubation period. The lowest level 

of application of Captang 5 gg per g'of soil had little effect on 

bacterial numbers beyond 2 days. Fungal numbers decreased with 

increasing concentration of the fungicide (Fig. 4). The most 

marked effect followed the application of Captan at 100 ýLg per g, of 

soil, while application at the lowest rate had little effect. In 

all cases the decrease in fungal numbers was most marked after 2 days. 

Beyond this time numbers began to recover, 'so that at the end of the 

incubation period there was actually an increase in fungal numbers 

compared with the control, 



Table 3 Microbial Numbers following Fungicide Treatment 
in the Field 

Treatment Fungi 1x 10 4 
Bacteria 1x 10 

Control 79 21.0 

Benomyl (a) 103 20. '6 

Benomyl (b) 91 31.0 

Captan 81 49.0 

Quintozene 118 44.9 

Thiram 94 44.1 

Means of 20 replicate plates 



Fig. 5 The effect of fungicides on the numbers of 

fungi in field soils 

--, & Triarimol 

0- ---o Milcol 

Am (. ap tan 

-40 Dicloran 



Time Days 



The immediate effect of Captan on the numbers of actinomycetes 

in soil is shown in Fig. 4. Captan at 5ýLg per g of soil had no 

effect upon actinomycete numbers while application of 25ý1 g per g of 

soil resulted in substantial increases. Similar, though less marked 

increases followed treatment with 50ýLg per g of Captan. Conversely 

the numbers of actinomycetes were decreased to less than 50% of the 

control following treatment with 100ýjg Captan per g of soil. 

Effect of Fungicides on Microbial Numbers in the Field 

Changes in the numbers of both bacteria and fungi following field 

treatment with a ranje of fungicides are shown in Table 3. Fungicides 

were applied at the rates shown in Table 2, and the soils were sampled 

28 days after treatment. With the exception of Benomyl(a) all treat- 

ments resulted in an increase in heterotrophic bacteria. Captan had 

the greatest effect followed by Quintozene and Thiram. Numbers of 

bacteria were least affected by treatment with Benomyl. Fungal numbers 

were also increased by fungicide treatment. The most marked effect 

followed treatment with Quintozene, Benomylq and Thiram, while Captan 

had little effect. Fig. 5 shows the effect of four fungicidesp Captang 

Dicloran, Milcolp and Triarimol on the numbers of fungi in Sutton 

Bonington field soils following the application of fungicides at the 

rates shown in Table 1. 

In all casesp there was an initial decrease in numbers, with the 

greatest decrease following treatment with Dicloran where numbers were 

reduced to less than 25% of the control after 3 days. Fungal numbers 

recovered rapidly in all cases, so that numbers began to exceed the 

control towards the end of the isolation period. In the case of the 

Triarimol treated soil for example numbers reached a level 707. above the 

control after 58 days. After these initial increasesp numbers decreased 



Fig. 6 The percentage frequency of Isolation of 

F. culmorum following the treatment of 

field soils with fungicides. 
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to a level below the control after 157 days. 

Recolonization of Fungicide Treated Soils--by Cellulolytic Fungi 

Changes in the cellulolytic fungal flora of field soils (Sutton 

Bonington) following fungicide treatment are shown in Figs. 6- 10. 

In addition their effect on the frequency of occurrence of ZygorhXnchus 

moellerip a non-cellulolytic speciesp is shown in Fig. 11. Cellulose 

decomposing fungi were isolated from treated and control soils over a 

157 day period. A large number of species was isolated (see Appendix) 

but only those species showing sufficiently high percentage frequencies 

to allow for meaningful analysis have been included. The effect of 

four fungicidesq Captang Dicloran, Milcol and Triarimol on the percentage 

frequency of the total isolates is shown in Figs. 6- 11. 

The frequency of Fusarium culmorum in both treated and untreated 

soils is low (Fig. 6). In control soils the frequency of isolation 

had a mean value of around 5%. Treatment with Captan had little 

initial effect on the frequency of F. culmorum, until after the 15 day 

sample when there was a decrease in frequency of isolation. Treatment 

with Diclorang Milcolp and Triarimol, resulted in similar patterns. 

After application of Dicloran a peak in frequency was seen after 15 days 

after whichv isolations fell and remained low after 58 days. Similarly 

following treatment with Milcol and Triarimol there was a peak, but 

here it occurred 31 days after treatment. 

The frequency of Gliocladium roseum in the control soils varied 

between about 10% and 15% over the isolation period. Following the 

application of Captan there was a slight rise in frequency after 3 days, 

followed by a rise to over 20% after 15 days. The frequency then 



to a level below the control after 157 days. 

Recolonization of Fungicide Treated Soils by_Cellulolytic Fungi 

Changes in the cellulolytic fungal flora of field soils (Sutton 

Bonington) following fungicide treatment are shown in Figs. 6- 10. 

In addition their effect on the frequency of occurrence of ZygorhXnchus 

moellerip a non-cellulolytic species,, is shown in Fig. 11. Cellulose 

decomposing fungi were isolated from treated and control soils over a 

157 day period. A large number of species was isolated (see Appendix) 

but only those species showing sufficiently high percentage frequencies 

to allow for meaningful analysis have been included. The effect of 

four fungicidesp Captang Diclorang Milcol and Triarimol on the percentage 

frequency of the total isolates is shown in Figs. 6- 11. 

The frequency of Fusarium culmorum. in both treated and untreated 

soils is low (Fig. 6). In control soils the frequency of isolation 

had a mean value of around 5%. Treatment with Captan had little 

initial effect on the frequency of F. culmorum, until after the 15 day 

sample when there was a decrease in frequency of isolation. Treatment 

with Diclorang Milcolq and Triarimol, resulted in similar patterns. 

After application of Dicloran a peak in frequency was seen after 15 days 

after whichp isolations fell and remained low after 58 days. Similarly 

following treatment with Milcol and Triarimol there was a peak, but 

here it occurred 31 days after treatment. 

The frequency of Gliocladium roseum in the control soils varied 

between about 10% and 15% over the isolation period. Following the 

application of Captan there was a slight rise in frequency after 3 days, 

followed by a rise to over 20% after 15 days. The frequency then 



- 21 - 

decreased slightly, and then rose to a value above 25% after 157 days. 

Following the application of Dicloran there was an immediate rise in the 

frequency of isolation of G. roseum. This increase continued to the 

31 day sample and was followed by a fall and then a minor peak after 
103 days. A similar immediate increase in frequency occurred after 

both the Milcol and Triarimo1 treatments. In the latter case, the 

initial rise in frequency was followed by a marked decrease at the 103 

day sampleg followed by a return to increased frequency after 157 days. 

Humicola grisea was the most frequently isolated fungus from both 

treated and control soilsv accounting for around 207. of the total 

isolates (Fig. 8). Application of all four fungicides had similar 

effects. Except for the occasional slight increase, frequencies 

remained constant and similar to the control. 

Penicillium nigricans was not isolated from untreated soils until 

the 157 day sample where it was isolated with low (5%) frequency (Fig. 

9). Following fungicide treatment however, substantial increases in 

the frequency of this species occurred, in the main after 58 days. 

In Dicloran and Milcol treated soils howevert there were increases after 

31 days. After treatment with Captan, Milcol, and Triarimol, the 

frequency of isolations of P. nigricans1reached a peak after 103 days 

while in Dicloran treated soils the peak occurred after 157 days 

(Fig. 9). 

I 0 

The percentage frequencies of isolation of Trichodermakoningii 

are shown in Fig. 10. In the untreated soils there was a mean fre- 

quency of around lo%. Following fungicide treatment howeverp this 

increased substantially. In soils treated with Captang the frequency 

was doubled after 3 days. The increase was then maintained over the 
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isolation period. Slight increases occurred 3 days after the applica- 

tion of Dicloran and Triarimolp rising to a peak of around 15-207.. 

The frequency of isolation of T. koningii following Milcol treatment 

decreased at the 15 day samplev but showed typical increases after 31 

days. 

Finally the effect of fungicide treatment on the frequency of 

isolation of Z. moelleri is shown in Fig. 11. In the untreated soils 

a frequency of around 5% was found. In the soil treated with Milcol, 

Z. moelleri was not isolated until the final sample. Finally , 

Dicloran treatment resulted in frequencies less than the controlt while 

the remaining two fungicides Captan and Triarimol, had a less devastat- 

ing effect. 

The effect of fungicides on the frequency of isolation of the fungal 

species can be summarised thus :- 

1. F. culmorum and G. roseum. The frequency distribution of these 

fungi following treatment was typified by a peak in frequency 

higher than the controlp in the middle of the isolation period. 

2. P. nigricans,. Showed an increased frequency towards the end of 

the incubation periodp and was a major recolonizer of treated 

soils after 31 or 58 days. 

3. T. koningii,. The frequency of isolation of this fungus was 

generally markedly increased by fungicide treatment. 

4. H. grisea. Was only marginally affected by treatment. 

5. Z. moelleri. The only non-cellulolytic species included was 

markedly decreased in soils treated with Dicloran and Milcol. 
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Pure Culture Studies on the Effects of Fungicides on the 

Growth of Fungal Species. 

The effects of different concentrations of the fungicides used 

in the above field trials on the growth of fungi in pure culture are 

shown in Figs. la - 119. With the exception of Captan, the treatments 

had little statistical effects upon the growth of fungi (Table 4). 

In most cases there was an increase in dry weight at the lowest con- 

centration used. Howeverg in only one case, the increase of 50% 

dry weight of P. nigrican,. s when grown in the presence of 5ýL g per ml 

Milcolq was this significant (P> 0.05). Slight decreases were seen 

when G. roseum and. P. nigricans were grown in the presence of Dicloran 

and Triarimol. Captan had the greatest adverse effect upon the growth 

of the cellulolytic species tested - all species were reduced to below 

25% of the control in the presence of the highest concentrations. 

Z. moelleri was markedly inhibited by the presence of Captang Dicloran 

and Milcol in the growth mediumq while Triarimol had a lesser effect. 
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Fig. 14 Effect of fungicides on the growth of 
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Fig. 15 Effect of fungicides on the growth of 

T. koningii 

Mycelial dry wt. as a percentage of 
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Fig. 16 Effect of fungicides on the growth of 

Z. moelleri 

Mycelial dry wt. as a percentage of 

control 
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DISCUSSION 

Numbers of micro-organisms were greatly affected by the treatment 

of Soil with fungicides. In every case there was-a decrease in fungal 

numbers together with a marked increase in bacteria. Similar effects 

have been widely observed Corden and Young (1965)9 Danielson and 

Davey (1969)9 Agnihoutri (1971)t Houseman and Tweedy (1973)9 and 

Williams (1973), and have been reviewed by Warcup (1957) and Bollen 

(1961). Agnihoutri (1971)9 for example, found that Captan increased 

the numbers of bacteria immediately, followed by a return to a level 

below the control after 35 days. Ofteng howeverp there was an initial 

decrease in bacterial numbers following treatment. This indicates 

that the bacteria are susceptible to fungicides and fumigants (Warcupp 

1957). Following this initial decrease numbers then rise often 

exponentially to constitute what is termed a "flush" of bacteria. 

Such increases are thought to be due to the following factors. 

1. Bacteria appear to be tolerant to the action of most fungicides, 

unless they are applied at high concentrations. 

2. Bacteria,. appear to be capable of a quick rate of growth"enabling 

them rapidly to recolonize the partial vacuum left by-the 

killing off of the majority of fungi. 

3. Ability to utilize-dead'fungal biomass as C. and N. -sources- 

enables the'bacteria, to achieve this rapid rate'of growth. 

5. Tolerance to any fungicidal residue is also essential during-, "-''-- 

this period of rapid recolonization. 
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After the flushv bacterial numbers decline rapidly. As fungal 

numbers have yet to recover, this decline is more likely to be due to 

exhaustion of nutrients, rather than to a return of fungal competition. 

An interesting feature shown in Fig. 3 is the way in which the peaks 

in bacterial numbers were dependent upon concentration of Captan. 

Similar findings were reported by Agnihoutri (1971). The highest 

concentration of fungicide did not produce a peak until after 28 days, 

while there is a direct relationship between the position of the peak 

and concentration of Captan for the lower concentrations. This can 

be explained by assuming that the highest concentration of fungicidet 

by killing off fungi and other susceptible organismsp provided a 

large amount of biomass available for use by bacteria. As the concentra- 

tion of fungicide decreased the amount of biomass made available de- 

creasedo so that the flush in bacteria reached a low peak and then 

declined rapidly. Again this suggests that nutrient availability 

is the principal factor determining the extent of the bacterial flush. 

Little work is available on the species or group composition 

which makes up this bacterial flush. Williams (1973) found that most 

of the bacterial colonies found in soils treated with the organo- 

mercurial fungicide Verdasan were Gram-negativep non-motile bacilli, 

measuring 4.5 - 5.5 x 1.5ý. L. Ridge and Theodoru (1973) found that 

fluorescent pseudomonads were the dominant type in fumigated soils. 

This group contains bacteria which are generally considered to be poor 

competitorso but which are capable of a rapid growth rate in the presence 

of organic compounds. 

An interesting theory was suggested by Dransfield (1956) to account 

for this increase in bacterial numbers. He found an inverse relationship 
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between, numbers of bacteria in soils treated with'T. C. N. B. 9 and protozoa. 

Protozoa are known to be predatory on soil bacteria and their decline 

in treated soils may help to explain increases in bacterial numbers. 

Fungal numbers, in contrast to bacterial numbers, remained low 

throughout the early stages of the incubation petiodv and in soils 

treated with low concentrations of fungicides eventually exceeded the 

control. The population at this point however, was not the same as 

the control population consisting mainly of species of Penicillium and 

Trichoderma. Again, the inherent defect of the dilution technique of 

favouring sporulating species may have given a result which is biassed 

against sterile mycelia and those which only sporulate lightly. 

Decreases in fungal numbers were also seen in Sutton Bonington field 

soils. Howeverp numbers of fungi in both sets of field treatments 

rapidly rose to exceed the control at the end of the isolation period. 

- Unlike the evidence relating to changesýin'bacterial and fungal 

numbers in treated soilsv that relating to numbers of actinomycetes 

is inconclusive. Richardson (1954) found that'the dithiocarbamate 

fungicides had no effect upon actinomycetes, Similarly Wensley (1953) 

found that actinomycetes were more resistant than either bacteria 

or fungi to fumigation with ethylene dibromide or methyl bromide. 

Howeverv Corden and Young (1965) found that Mylonet Nabam and Metasol 

initially reduced numbersq while Agnihoutri (1971), found that the - 

actinomycete population decreased in the first week after Captan treatmentt 

followed by a marked increase. In the current work it was found that 

concentrations oUCaptan approaching 100 gg per g of soil were required 

to depress actinomycete numbersq while concentrations of 254 g Captan 

per g of soil resulted in substantial increases. Clearly the nature 

and concentration, of the fungicide used markedly affects theýnumbers-of 

actinomycetes which follow its application. 
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Kreutzer (1965) has reviewed the data relating to the microbial 

recolonization of treated soils. He listed the following groups in 

order of decreasing resistance to fungicide or fumigant treatment :- 

(1) Actinomycetes 

(2) Heterotrophic bacteria 

(3) Autotrophic bacteria 

(4) Fungi 

Amongst the fungi be listed Pythiaceous species as most susceptible 

followed by fungi of intermediate susceptibility such as ibizoctonia, 

-Myrotbeciumv 
Phoma, Cladosporium. and Paecilomyces,. The most resistant 

of all fungi appeared to be species of Penicillium, v Aspergillus and 

Trichoderma. 

The cellulose decomposing fungi as a group have been largely 

neglected in studies relating to the recolonization of treated soils. 

Pugh and Williams (1971) and Williams (1973) found that cellulose 

decomposing fungi were more sensitive to treatment with the mercurial 

fungicide Verdasan than were non-cellulose decomposers. They found a 

general reduction in Chaetomium and Fusarium speciesq Gliomastix 

murorum. var. felinum, Myrothecium striatisporum, Paecilomyces and 

penicillium species; while Trichocladium asverum and Trichoderma 

hamatum were isolated more frequently. Howevert the fungal recoloniza- 

tion of these soils was complicated by secondary changes, including pH 

water contentp and aerationg which resulted from fungicide treatment, 

The experiments involving the use of field plots at Sutton Bonington 

avoided these complicationst and demonstrated the direct effect of these 

fungicides on the frequency of isolation of the cellulolytic species. 

In addition the effect of treatment on Z. moelleri, has been included. 

Although this fungus is not a cellulose degrader, it is often isolated 
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on cellulose agar. No doubt its ability to grow as a secondary sugar 

fungusp utilizing the sugars released by true cellulose-decomposersp 

together with a fast growth ratep enabled it to do this. 

Generally the results of the trials indicated that cellulolytic 

species were resistant to fungicide treatment. This resistance was 

further emphasised by lack of inhibition when grown in pure culture in 

the presence of fungicides. 

The frequency of isolation of T. koningii was markedly increased 

by all treatments. Species of Trichoderma are major recolonizers of 

soils treated with either fungicides or fumigants. (Martin,, 1950; 

Warcupp 1951; Mollisong 1953; Evans, 1955; Saksena, 1960; Moubasherg 

1963; Corden and Youngg 1965; Moubasher and Mazen, 1971; Agnihoutri, 

1971; Williamsq 1973; Wainwright and Pugh, 1974. ) This list is by 

no means exhaustivev but amply demonstrates the importance of this 

genus as a major recolonizer of treated soilý. 

A number of workers have studied the effect of fungicides or fumig- 

ants on this fungus, iri order to determine why it is consistently 

dominant in treated soils. Evans (1955) and Saksena (1960) looked at 

the effect of carbon disulphide fumigation on T. viride. These studies 

were prior to the key of Rifai (1969)9 so that T. viride, quoted by 

early workers. is not necessarily synonomous with T. viride, of the 

Rifai key. Saksena (1960) found that the degree of tolerance towards 

carbon disulphide shown by T. viride was by no means exceptional and 

that this alone failed to account for its dominance. He considered 

that the dom#iance of Trichoderma in fumigated soils was due to a 

moderate degree of fumigant tolerance and an intrinsically rapid growth 
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rate, Some other fungiv particularly members of the Phyýcomycetes 

have more rapid growth rates, but are much less tolerant than 

Trichoderma to fumigants. In contrast fungi which are tolerant of 

chemical treatment are often slow growers. Saksena (1960) also suggested 

that the high concentrations of ammonium-N in treated soils may be 

ut1lized by Trichoderma enabling it to grow rapidly. A similar view 

was-expressed by Wainwright and Pugh (1974). 

Hughugho (1968) has analysed the dominant Trichoderma species in 

fumigated soils using the Rifai (1969) key. The analysis revealed 

that several species groupst namely T. hamatum, T. harzianum, T. koningii 

and T. viride were consistently present. 

Much of the interest in the increase of Trichoderma in treated 

(particularly fumigated) soils was aroused by the hypothesis of Bliss 

(1951). who suggested that the killing of Armillaria mellea in infected 

roots by carbon disulphide was not due to direct fungicidal action, but 

to the activity of T. viride. The experiments of Garrett (1957). and 

Saksena (1960) suggested that this hypothesis was partially correct, 

Mughogho (1968) also found that Penicillium nigricans was a 

dominant recolonizer of fumigated soilst as did Harting Baines and 

Erwin (1957). In alkaline soils P. nigricans tended to replace 

Trichoderma as the dominant recolonizer. Lilly (1961)v for example, 

found it to be the dominant species in fumigated soils of pH 7.0 - 7.5. 

In this work P. nigricans was isolated with negligible frequency 

in the control soils, but became a dominant recolonizer following 

fungicide treatment. 
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The frequency of H. grisea appeared to be only marginally affected 

by fungicide treatmentt except for the occasional slight increase. 

Fusarium culmorum and Cliocladium roseum were dominant in treated 

soils 15 - 31 days after application of fungicide but declined towards 

the end of the isolation period. Species of Cliocladium were also 

found to be dominant in soils treated with a variety of fumigants (Marting 

Baines and Erwin, 1957). 

The only fungus represented in the results which showed a marked 

decrease in frequency following treatment was Z. moelleri. This 

agrees with the general finding that Phycomycetes are very susceptible 

to fungicide treatment, 

The growth of these species in culture medium to which fungicide 

was added was determined in an attempt to the patterns seen in the 

field. Only Captan had a markedly deleterious effect on the growth 

of cellulolytic speciest while Captan, Hilcol, and Dicloran adversely 

affected the growth of Z. moelleri; the non-cellulolytic species 

included for comparison. There were increases in dry weight, most of 

which were, not statistically significant., Certain treatments however, 

(for example the effect of MUcol on the growth of P. nigricans) did 

result in a significant increase in dry weight. Similar increases 

were found by Nutman and Roberts (1962)# and Williams (1973). who found 

that addition of the mercurial fungicide Verdasan increased the dry 

weight of P. crustosum. C. Pannorum; and F. moniliforme, by as much as 207.. 

Similarly Nutman and Roberts (1962) found that at low concentrations a 

wide range of-fungicides including organo-mercurialst Captang and 

dithiocarbamates stimulated both conidial germination and growth of 
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Colletotrichum coffeanum. They found that widely dissimilar compounds 

had similar stimulatory effects. It is doubtful whether the concentra- 

tions of fungicides were sufficient to act as added substrate, particularly 

when the increases occurred at the lowest fungicide concentrationg 

and in nutrient rich conditions. A more likely explanation was that 

the fungicides inhibited a feedback mechanismo or stimulated the production 

of a storage material like lipid, which in turn increased the dry weight. 

Clearly further physiological work is required to elucidate this problem. 

Fungicides have a marked effect on the microbial equilibrium of 

soilsp resulting in large increases in bacterial numberso and a decrease 

in fungal numbers, Cellulose decomposing fungi on the whole did not 

appear to be adversely affected by the treatments. Even so after only 

one application at normal rates, changes in the pattern of fungal 

colonization occurred. Many of these changes are difficult to interpretv 

and even more difficult to relate to pure culture studies. The latter in 

fact bear little relation to the natural environment of soil micro- 

organisms. It is now generally considered that micro-organisms exist 

in soil in a state of semi-starvation, flaring up only intermittently 

with the appearance of new substrates. Pure cultures on the other hand 

provide optimum nutrient conditions, and direct contact between the 

fungus and the fungicide. 

Williams (1973) has shown that continuous treatment of soils with 

an organo-mercurial fungicide can have a deleterious effect on the 

structure and microbiology of soils. It is possible that continued 

treatment with the fungicides used here may have similar though less 

marked effects. Howeverg there is little evidence in the literature 

to suggest that this is the casev mainly because these fungicides 

exhibit low persistence in soils. 
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There can be no doubt that disturbances in the microbial equili- 

brium has a profound effect upon the biochemistry of treated soils. 

Again howeverg the problem arises of how to assess the effects of these 

changes on soil fertility. 



THE EFFECT OF FUNGICIDES ON NITROGEN MINERALIZATION 

IN SOILS 

Introduction 

Nitrogen, a major building block of the protein molecule, is 

essential for the growth of plantsv animals and micro-organisms. 

Viets (1965)9 for examplep found that plants contain more nitrogen 

than any other element with the exception of hydrogen. It is not 

surprising then that the growth of agricultural plants is limited more 

often by a deficiency of nitrogen. than by any other element (Blackv 1968). 

There is an extensive literature on soil nitrogen including 

monographs by Alexander (1961). Bartholomew and Clark (1965)vBremner, (1964 

Campbell and Lees (1967). and Black (1968). 

Nitrogen undergoes a number of transformations in soil involving 

organict inorganic and volatile compounds. These transformations 

result from the activities of micro-organisms, particularly the 

bacteria (Alexandert 1961); and are generally viewed of in terms 

of a nitrogen cycle. Campbell and Lees (1967) howevert state that 

there is "neither in the soil nor anywhere else, a nitrogen cycle; " 

but for the sake of simplicity a cycle in which the form of the 

element is constantly altered by the activities of micro-organisms 

can be assumed. This cycle can be summarized thus: - 

1. A small part of the large quantities of N2 in the atmosphere 

is converted to the organic form by bacteria which are either 

free-living, or associated with plants. This is termed NON- 

SYMBIOTIC and SYMBIOTIC NITROGEN FIXATIONy respectively. 



2. This nitrogen is then utilized by plantst animals, and micro- 

organisms to form proteins. In this state the element is largely 

UNAVAILABLE. 

3. On death of the organism this protein-nitrogen is freed by micro- 

organisms and converted to amino acids and then to the ammonium. 

ion. A process which is termed AMMONIFICATION. - 

4. The liberated ammonium ions are then converted by bacteria 

via the nitrite ion to nitratet. in the process of NITRIFICATION. 

5. In its ionic state nitrogen may be taken up by plants or micmr- 

organismsq may be leachedo or alternatively may be lost to 

the atmosphere as a result of microbial convertion of nitrate 

to gaseous nitrogeng termed DENITRIFICATION. 

The formation of ionict or mineral nitrogent from organic 

nitrogen is termed NITROGEN MINERALIZATION, while the reverse process 

by which mineral nitrogen is converted to the organic form is termed 

NITROGEN, IMMOBILIZATION. 

140BILIZATION 

The following section is devoted to the effects of fungicides 

on the mineralization of nitrogen a process which can be summarized: - 

(1) (2) (3) 

ORGANIC N---%'loAMINO ACIDS --*NH 
+4 

--jo-NO 2 ---Aoo NO 3 

The conversion of organic nitrogen to amonium (1) is mediated by 

non-specific micro-organismsq while transformation (2) and (3) involve 

mainly specialized autotrophic bacteria. 



(1) AMMONIFICATION 

The conversion of organic nitrogen to ammonium (1) is termed 

ammonification. Research on the subject has been reviewed by 

Harmsen and van Schreven (1955)9 Alexander (1961). Harmsen and 

Kolenbrader (1965), and van Schreven (1965). Ammonification involves 

non-specific micro-organisms including actinomycetespbacteria and 

fungi. These micro-organisms utilizing protease enzymes, break 

down plantt animal, and microbial proteins which find their way 

into the soil. Proteases in the soil are under intensive study 

at the moment. They are intimately associated with organic mattert 

and appear to be the product of plant debris or of microbial activity 

(Laddg'1972). Proteases released by fungi generally function best 

at pH 4-8, while bacterial proteases have optima around pH 7-8. 

The free enzymes produced by these micro-organisms hydrolyze the 

peptide bonds of proteins and peptides and liberate free amino acids, 

and free carboxyl groups. The amino acids thus liberated serve 

as both carbon and nitrogen sources for heterotrophic micro- 

organisms and higher plants. Amino acids however, are generally 

broken down prior to utilization. Such degradation involves removal 

of the carboxyl group, by DECARBOXYLATIONg thus: - 

(a) Deamination. by direct removal of ammonia 

R CH CH NH COOH ! oRCH = CH COOH + NH 22-; "3 

(b) Oxidative deamination 

RCH NH 2 COOH +ý02 -'. %, RC 0 COOH + EH3 

(c) Reductive deamination 

R CH NH 2 COOH + 2H---! p. R CH 2 COOH + EH3 

(d) Decarboxylation 

R CH NH 2 COOH---00- RCH 2 NY 2+ co 
2 



(2) SOIL AMINO ACIDS 

Amino acids are present in the soil in either the free or the 

bound form. Between 20 and 50% of the total nitrogen in soils-is' 

in the form of CL amino acids (Bremnerv 1967). The amount and type 

of amino acid present is generally determined following hydrolysis 

under reflux with 6.5 NHCl for from 12-24 hours. Chromatographic 

analysis indicated that soils do not differ greatly in amino acid 

compositiong and that the factors affecting their distribution 

include climatep cultivation and fertilization (Bremner, 1967). 

It is generally assumed that the bound amino acids in soils are 

mainly in the form of proteins or polypeptides. Much of the combined 

amino acids are presumably in the form of mucopeptide or'techoic 

acidsp which are the major constituents of bacterial cell walls. 

Free amino acids are present in the soil in very small amounts 

rarely exceeding 2-[Lg per g of soil. While some free soil amino 

acids appear stablev most are extremely labile (Greenwood and Lees, 

1960). Greenwood and Lees (1956)9 reported that most amino acids 

when added to the soil disappeared within 2-9 days, a pattern con- 

firmed by Schmidt. Putman and Paul (1960). and by Van Driel (196.1). 

The amount of free amino acid extracted from soils is largely 

dependent upon the extraction technique employed. Numerous extracting 

agents have been used to characterise the free amino acid content of 

soil. Early workers used water, but obtained poor recovery of 

added amino acids. Recently more sophisticated extracting agents 

have been employed. The most extensive work on free soil amino 

acids9 (Paul and Schmidtv 1961) involved the use of barium hydroxide 

or ammonium acetate; for which good recovery of both added and 

residual amino acids was reported. Similarly Sowden and Ivarson 

(1966) reported good recovery using carbon tetrachloride in con- 
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junction with a complexing agent. 

Free amino acids exist in either the basic acidic, or neutral 

form. The form in which they exist determines the ease with which 

they are extracted. Gilbert and Altman (1966) used 20% ethanol 

as an extracting agent, and obtained good recovery of the acidic 

and neutral fractionsp but poor recovery of the basic ones. The 

latter are usually unavailable in agricultural soilsy while the 

acidic and neutral amino acids are free in soil solution. In the 

present study 207. ethanol was used as an extracting agent because 

of its ability to extract the fractions which are potentially the 

most important in plant and microbial nutrition. 

Free amino acids are produced by the lysis of dead micro- 

organismsp or by direct excretion from soil micro-organisms. They 

can be taken up directly by both plants and micro-organisms and 

appear to be a potentially important nutrient source. 

(3) NITRIFICATION 

Nitrification is the microbial formation of nitrate from 

ammoniump via nitrite. The reactions involved are mediated in the 

main by specific, autotrophic bacteria. Recent evidence however, 

indicates that the fungi are capable of the limited ability to 

nitrify. Schmidt (1954). Hora and Iyengar (1960). Odu and 

Adeoya (1970)q and Hatcher and Schmidt (1971). Thus a distinction 

between AUTOTROPHIC and HETEROTROPHIC NITRIFICATION can be made. 

Alexander (1961) considers that there still exists considerable 

uncertainty as to the status of many of the organisms capable of 

catalysing amonium or nitrite oxidation. However, two groups of 



bacteria appear to be involved in the process of nitrification. 

The first obtains energy by the oxidation of ammonium ions to nitrite, 

while the second oxidizes nitrite ions to nitrate. Species of the 

genus Nitrosomonas are generally considered to be the most important 

group involved in the first oxidation; while species of Nitrobacter 

are important in the second. (Meiklejohn, 1953; 1954). Most workers 

in the past have regarded the nitrifying bacteria as obligate 

autotrophsv gaining energy from the oxidative reactions involved 

in nitrification. Carbon for cell synthesis is thought to be 

derived from C021 carbonatesg and bicarbonates, using the energy 

derived from oxidative reactions. Until recently it was thought 

that these bacteria were incapable of utilizing organic nutrients. 

Recently howeverv Smith and Hoare (1968) found that Nitrobacter 

agilis could grow on acetate without nitrite or CO 2' This suggested 

that the bacterium can act as a faculative autotroph. The ability 

to switch from C02 and inorganic N to acetate could confer advantages 

when growing in the environment, if the former were rate limiting, 

i. e. nitrifying bacteria can now be considered to be mixotrophs. 

The whole concept of obligate autotrophy is now under scrutinyq 

and at least one author considered it to be "a demise of a concept" 

(Rittenbergv 1972). 

The biochemistry of the nitrifying micro-organisms has been 

reviewed by Lees (1955), Alexander (1961). and Wallace and Nicholas 

(1969). The biochemical mechanisms whereby the chemoautotrophic 

bacteria convert ammonium to nitrate was for a long time obscureq but 

over the past decade the following outline has appeared. 

(1) The primary oxidation by Nitrosomonas converts ammonium to 

nitrite. 



NH 4++l. 50_T--joN02- +H20+ 2e F- 84 K cal. 

A process known to occur in at least two steps. 

NH 4++0.50 2 --. ), NH 2 OH +eF-0.7 K cal. 

NH 2 OH +02 --)o. NO 2-+H20+ H+ F-8.33 K cal. 

(2) The second oxidation involves Nitrobacter and is the oxidation 

of nitrite ion to nitrate 

NO 2-+0.5 
02 -*NO 3-F- 17.8 K cal. 

Nitrification proceeds most rapidly in near-neutral to alkaline 

soils. Both Nitrosomonas and Nitrobacter are strict aerobes and so 

nitrification is inhibited by waterlogging. Nitrification is also 

a temperature dependant process, which functions best at an optimum 

temperature of 28-300C. 

In the present study the optimal conditons, in terms of water 

cofitentf temperature, and pH of the soil used were det. eminedp 

prior to fungicide treatment, in order to demonstrate how dependant 

the process of nitrification is on environmental variables. 

Nitrification can-occur in a number of different ecosystems, in- 

cluding forest and grassland soils (Chasep Corke, and Robinsonp 

1968). However inhibition of nitrification often occurs in grass- 

land soilsq presumably due to the presence of an inhibitor (Neal, 

1969). which is excreted by grass roots. More recent evidence 

however suggests that this inhibition is due mainly to the build up 

of ammonium in these soils. (Odu and Akerelep 1973). 



The work presented in this section is a study of the effects 

of fungicides on nitrogen mineralization. Qualitative and 

quantitative changes in the free amino acid content of soil have 

been determined, together with the changes in nitrification and 

ammonification which follow the application of fungicides. 
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Materials and Methods 

Effect of Fungicides on the Free Amino Acid Content of Soils 

The effect of three fungicides, Benomyl, Thiram, and Verdasan, 

on the acidic and neutral free amino acids was determined. Fungi- 

cides were added to fresh sieved Sutton Bonington soil (< 2 mm) on 

the basis of their active ingredient to give final concentrations 

of 250 and 50 gg of Benomyl and Thiram. per g of soil, and 50 and 10 pg 

Verdasan per g of soil. Duplicate samples (50 g) were weighed 

into sterile Erlenmeyer flasks which were sealed with "Parafilm" 

and incubated at 25 0C ýl for 28 days. 

The technique of Gilbert and Altman (1966) was used with the 

following modifications for the extraction of free amino acids. 

Samples of soil (25 g) were extracted by shaking with 50 ml of 207. 

v/V ethanol for 20 h at 25 0 C. The suspensions were filtered by 

suction and the filtrate was pre-cooled in a methcol/dry-ice slurry 

then lyophilized to dryness. Finally the residue was taken up in 

10 ml of 707. V/V ethanol and stored at 10 0C prior to de-salting. 

After a period of at least 48 h storage to dissolve the residue, 

the solutions of free amino-acids in 70% V/V ethanol were de- 

salted using Dowex 50 W- X8. Cation exchange resin buffered to 

pH 2 with acetate/HC1 buffer. Ammonium hydroxide-washed resin 

(4 g) was added to 10 mls of solution plus 0.5 ml of buffer. 

After 20 h the resin was filtered off and eluted with 2x 10 ml 

portions of 2N NH 4 Oh; which were evaporated to dryness at 300C. 

The residue was then taken in 0.5 ml of propan-2-ol ready for chromato- 

graphy (Altmant 1969). 



The amino acids were detected using two dimensional paper 

chromatography. Each solution (60 ml) was spotted onto Whatman 

No. 1 chromatography paper and run at 25 0 C. The solvents used were 

firstly butan-l-ol/glacial acetic acid water (2 :1: 1); and 

secondly 2 methyl propan-2-ol/butan-2-one/water solvent (4 :3 3). 

The individual amino acids were then detected by spraying with 

0.05% ninhydrin in butan-l-ol and heating for 2 mins. at 1000C. 

Identification was based upon spots developed from known standards. 

A yellow spoto located close to that of the proline standard was 

found in all extracts. However tests with isatin (0.4% V/V in 

butan-l-ol) failed to give the blue coloration typical of prolinep 

(Pasieka and Morgang 1956). 

Amino acids were determined quantitatively by cutting out the 

chromatogram spots and eluting with 4 ml of 1% ninhydrin in water- 

saturated butan-l-ol buffered by the addition of 1 ml of acetate 

/HC1 buffer (pH. 7). The colour was extracted from the paper by 

immersing the tubes in a water bath at 55 0C for 5 mins, followed 

by heating in a water bath to 80 0C for 1-2 mins. Final extraction 

was achieved by the addition of 1 ml of 1% V/V acetone. The intensity 

of the colour was then determined colorimetrically at 550 =9 

using a Unicam sp. 600 Spectrophotometer. Development of the 

chromatograms was strictly standarised, and the results are expressed 

as a percentage of the control. 

Determination of the Optimum Conditions for Nitrification 

(1) Effect of pH on Nitrification 

Sutton Bonington soil was sieved (<2 mm) and weighed into 

100 g. portions. One set of four replicates received calcium 



hydroxide (lime), while the other was left unamended. The soils 

were brought to 66% of their water holding capacity and incubated 

at 25 0C in Erlenmeyer flasks sealed with "Parafilm". At 7 day 

intervals samples were removed. The nitrate content and pH of the 

samples was then determined. 

(2) Effect of Water Content on Nitrification 

Soils were incubated at the following percentages of their 

water holding capacity (30 ml per 100 g of soil), for 7 days at 

25 0 C. At the end of this period the respecrive amounts of nitrate-N 

were determined. 

Effect of Temperature on Nitrification 

Soils were incubated for 7 days at the following temperatures 

Op 59 lo,, 209 25v 309 359 40v 459 50t 0c 

(4) Effect of Fungicides on Ammonification and Nitrification in soils 

The effect of three fungicides, Captang Thiram and Verdasan 

on ammonification and nitrification woj4next determined. Fungicides 

were added to Sutton Bonington soils as commercial preparations on 

the basis of their active ingredients. Fresh soil collected immed- 

iately before each experimental run was sieved (-42 mm) and air- 

dried overnight. Excessive air drying was avoided, since this 

tends to lead to the increased mineralization of both carbon and 

nitrogen (Birchp 1959). 

To 200 g of air dry soil was added 1 ml of a (NH4)2 50 4 solution 

contining 200 4g of ammonium-N. Fungicides in solution or in 

suspension were ad8ed at varying concentrations. The soils were 

then brought to 66% of their water holding capacity with sterile 



de-ionized waterv to give final concentrations of 1.59 109 159 25 

and 50ýLg of Verdasan per g of soil; and 10,259 509 100 and 250 

ýLg of Captan and Thiram per g of soil. Controls with and without 

an ammonium sulphate amendment were also included. Samples of 

the soils (50. g) were then weighed into sterile Erlenmeyer flasks. 

Sufficient Ca(OH) 2 
(about 0.2 g) was thoroughly mixed with the soilsp 

in order to neutralize the acid produced by nitrification. The 

flasks were sealed with "Parafilm" to maintain the initial water 

content throughout the experimental period, and were incubated 

at 28 t 10 C Four replicates per treatment were included. 

The respective amounts of ammonium and nitrate-N were determined 

at 7 day intervals for 28 days. 

Determination of Ammonium Nitrogen. 

Ammonium-N was determined by the indophenol blue method. 

Samples of soil (2 g) were extracted by shaking with 20 ml of 1.5N KC1 

for 1 h. The suspensions were filtered through Whatman No. 1 filter 

paper and then 1 ml of 6% E. D. T. A. was added to 2 ml of filtrate 

to chelate any metal ions (Tetlow and Wilson, 1964). Then 7 ml of 

de-ionized waterv 5 ml of phenolate and 3 ml of sodium hypochlorite 

were added from fast-flowing burrettes. The reagents were freshly 

made up at the concentrations suggested by Parkinson, Gray and 

Williams (1971). The resulting solutions were thoroughly mixed and 

incubated at 25 0C in a water bath for 20 mins. 

Tetlow and Wilson (1964)-have shown that the reaction is 

photosensitive, so the analysis was performed in diffuse daylight 

and incubated in a darkened water bath. After incubation the solutions 

were made up to 50 ml with de-ionized waterv mixed againg and the 



Fig. 17 Ammonium and Nitrate-Nitrogen standard 

curves 
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intensity of the indophenol blue-ammonium complex was determined 

at'630 = in a Unicam. Sp. 600 spectrophotometer. -using cells of 

path-length 1 cm and phenolate-hypochlorite as reagent blank. 

Concentrations of ammonium. -N were then determined by reference to 

a standard curve (Fig. 17). 

Determination of Nitrate Nitrogen 

Nitrate-N was determined spectrophotometrically using the 

technique of Clarke and Jennings (1965) with modifications after 

Simms and Jackson (1971). 

Samples of soil (5 g) were extracted by shaking for 15 mins 

with Ca(OH)2 solution (0.2 per cent). Extraction ratios of 1 : 5; 

1: 10; 1: 20 were usedv depending on the predicted level of nitrate. 

The larger extraction ratios were preferred to minimize interferences 

mainly from the fungicides and from nitrite (West and Lyles, 1960). 

The suspensions were allowed to settle, and the supernatants filtered 

through Whatman No. 1 filter paper. In all cases clear test solutions 

resulted and to these 7 ml of a 0.01% (w/w) chromotropic acid 

solution (C. T. A. ) were then adde d to 3 ml of test solution in 

Pyrex test tubes (Simms and Jackson, 1971) and mixed thoroughly. 

The tubes were immediately cooled below 40 0C in running tap-water 

and then incubated for 20 min in a water bath held at 40 0C (Clarke 

and Jenningsp 1965). At the end of the incubation period the 

contents were mixed throughly, cooled below 40 0C and the intensity 

of the yellow C. T. A. -nitrate complex was determined at 430 run. 

Determination of Nitrite Nitrogen 

NitritevN can interfere with the C. T. A. technique (West and 

Lylesp 1960). Throughout the course of the experiments semi- 



quantitative random checks for nitrite-N were performed using 

modified Gries Ilovsay's reagent (Prince, 1945). At no point did 

nitrite concentrations capable of interfering with the C. T. A. 

method accumulate. 

The Effect of Fungicides on Ammonification and Nitrification in the 

Field 

The following fungicidesp Captan, Dicloran, Formalinp Thiram and 

Quintozene were applied to Rothamsted soils at the rates shown in 

Table 2. Soil samples were transported to the laboratory at inter- 

vals of 28 days over a period of 12 weeks. On arrival the samples 

were incubated at 250C for 10 days in sterile Erlenmeyer flasks 

sealed with "Parafilm". Samples of soil (5 g) were extracted with 

50 ml of 0.2% W/V solution of Ca(OH) 2 by shaking for 15 mins. 

The amount of nitrate-N was then determined using C. T. A. 

In addition the respective amounts of ammonium and nitrate-N 

were determined 28 days after application of the following fungicides 

Benomylp Captang Quintozene, and Thiram at twice the field rate 

(Fig. 18). 
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Fig. 19 The effect of fungicides on the free amino 

acid-N content of soil 

Amino acid-N expressed as a percentage 

of the control 

0 -0 
(a) Benomyl 50 ýLg/g of soil 

-0 
Benomyl 250 4g/g of soil 

0 -0 
(b) Thiram 50 4g/g of soil 

0 -0 Thiram 250 4g/g of soil 
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Fig. 20 The effect of fungicides on the free amino 

acid-N content of soil 

Amino acid-N expressed as a percentage of 

the control 

.0 Verdasan 10 4g/g of soil 

00 Verdasan 50 ag/g of soil 
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RESULTS 

(1) Effect of Fungicides on the Free Amino Acid Content of Soil 

Quantitative effects of the fungicides on the free amino acid 

content of soil are shown in Figs. 19,20. All treatments resulted 

in an initial decrease in the free amino acid content of soil. 

This decrease persisted for about 7 days, after which differing 

patterns emerged depending on the concentration of the fungicide. 

The amount of amino acid-N extracted from soll. treated. with the 

higher of the two concentrations decreased progressively with time. 

For examplep the amount of amino acid-N extracted from the soil 

after treatment with the higher Verdasan concentration fell to less 

than 207. of the control after 28 days (Fig. 20) 

Lower concentrations of the fungicides howeverv tended to 

result in increased amounts of extractable amino acid-N. This 

trend was particularly noticeable with the Benomyl and Thiram, treat- 

ments (Fig. 19) where the amounts extracted at the end of. the incubation 

period reach 218 and 127% of the control respectively. Similarly 

the lower concentration of Verdasan resulted in more amino acid-N 

than did the higher treatment. Howeverv the amounts extracted follow- 

ing Verdasan treatment did not exceed those from the control. 

A total of 9 different amino acids were extracted and typified 

(Tables 5- 7). Seven of these were consistently extracted from 

the untreated soils. The most frequently extracted amino acids were 

aspartic acido glutamic acidg leucinev and tryptophan, Serine, 

phenylalaninev threoninev tyrosine and glycine were extracted less 

frequently. 



Table 4 The Effect of Fungicides (applied at twice the 
normal rates) on Levels of NH 4+ and NO 3- in the 
field. 

Treatment NH 4+ -N NO 3-N 
PR/g soil T-9ýlso 11 

Control 3.6 26.1 

Benomyl (a) 4. o 25.4 

Benomyl (b) 6.0 19.2 

Captan 6.5 21.3 

Quintozene 6.8 20.5 

Thiram 5.0 16.5 

Means of 8 replicates 
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Following the addition of the fungicides aspartic acid was 

extracted with only minor differences from the control. All other 

amino acids showed greater or lesser degrees of variation from the 

control. Glutamic acidt leucinet and phenylalanine, were less 

corrmon with the Thiram treatmentsp and tryptophan was less frequently 

extracted with Verdasan at 50ýLg per g of soil. Two of the treat- 

ments brought about a marked change in the amino acid fraction of 

the soils. Twenty-eight days after adding 50 pg of Verdasan only 

glutamic acid could be extracted. Similarly after 28 days incubation 

with 250 pg Thiram only glycine and tryptophan were found. 

I 

In contrast however, other free amino acids increased in 

frequency in soils follawing fungicide treatment. Glycine, not 

found in the controlso appeared in all three treatments at both 

concentrations. Threonine which was found only in control soils 

after 2 days was frequent in all treated soils except those receiving 

250 pg Thiram per g of soil, 

Results of the Determination of Optimal Conditions for Nitrifica tLon 

in Soil 

The optimum conditions for nitrification were determined prior 

to application of fungicides and are shown in Figs. 21 - 23. 

The effect of pH on nitrification is demonstrated in Fig. 21. 

The soil to which lime was added had a mean pH of 99 while the 

unlimed soil had an average value of 7. Comparison of the corres- 

ponding rates of nitrification show that the limed soil produced 

nitrate at a faster rate than did the neutral unlimed soil, The amount 

of nitrate formed in the limed soil after 14 days was over twice 

that in the unlimed soils. 



Fig. 21 The effect of pH on nitrification 

0 --0 Limed soil 

Unlimed soil 
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Fig. 22 The effect of temperature on nitrification 
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Fig. 23 The effect of water content on nitrification 
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The effect of temperature is shown in Fig. 22. The amount of 

nitrate formed at low temperatures over the incubation perio-twas 

almost negligible. At 20 0C there was a marked increase in nitrate 

which reached a maximum at 28 0 C. Beyond 35 0C however, the amount 

of nitrate-N formed decreased markedlyq so that very little was 

formed between 40 0 and 60 0 C. 

-A similar peak in nitrate-N formation is seen in Fig. 23. 

Here the effect of water content on nitrification is seen. Little 

nitrate was formed at low water-holding capacities. A maximum was 

seen at about 607.9 followed by a marked decrease beyond 70%. 

These results indicate that the optimum conditions for'nitrifica- 

tion were - 

(1) an alkaline pH, 

a temperature of incubation of 28 0 CO 

(3) a water-holding capacity of about 66% 

The Effect of Fungicides on Ammonification and Nitrification in Soils 

Soils were incubated in the presence of fungicides tinder the 

conditions stated above which were found to be optimal for nitrifica- 

tion. 

In the ammonification experiments both amended and unamended 

control soils were used. There was virtually no difference in the 

results obtained from these control soils, so only those from the 

amended soils have been plotted in Figs. 24 - 26. The amount of 

ammonium-N formed in the control over the incubation period were 

very small. Addition of concentrated solutions of fungicides to 

soil howeverv resulted in a marked effect. At low concentrations 

all three fungicides did not greatly affect ammonification. At 



Fig. 24 The effect of Thiram on Ammonification 

(a) Control +(N 4)2 so 4 

At Thiram 50 4g/g of soil 

Thiram 25 4g/g of soil 

Thiram 10 ý, Lg/g Of soil 

0 (b) Control +(NH 4)2 so 
4 

Thiram 250 4g/g of soil 

Ar-- Thiram 100 4g/g of soil 

Thiram 5 4g/g of soil 
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Fig. 25 The effect of Captan on Ammonification 

0 (a) Control +(NH 4)2 so 4 

Captan 50 4g/g of soil 

A Captan 25 4g/g of soil 

----0 Captan 5 4g/g of soil 

0 (b) Control +(NH 4 
)2 so 

4 

Captan 250 Ug/g of soil 

Captan 100 4g/g of soil 

0 ----0 Captan 10 ýLg/g of soil 
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Fig. 26 The effect of Verdasan on Ammonification 

(a) Control +(NH 4)2 SO 4 

Versasan 25 4g/g of soil 

Verdasan 104 g/g of soil 

0 --0 Verdasan 5 4g/g of soil 

(b) Control +(NH 4)2 so 4 

41 Verdasan 50 4g/g of soil 

Verdasan 15 4g/g of soil 

0 ---- 0 Verdasan I ýLg/g of soil 
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Fig. 27 The effect S Captan on Nitrification 

0 .0 Control 

0 -0 Control +(NH 
4)2 

SO 
4 

Captan 50 ýLg/g of soil 

Captan 25 4g/g of soil 

Captan I 4g/g of soil 



140ý 

Fig 27 

0 

120ý 

0 
, looý 

M. - 0 

Z. 

z 

0 
z 

80 

60ý 

40ý 

20-ý 

0 7 1,4 21 2- 

Time Days 



increasing concentrations howevert different patterns emerged. 

Captan brought about a progressive rise in the amount of ammonium-N 

to the highest concentration used. At 50 gg per g however, an 

untypical decrease occured after 7 days. A similar direct relation- 

ship occured with Thiram up to 100 gg; but at 250 gg there was a 

decline in the amount of ammonium-N formed. With the Verdasan 

treatments the amount of ammonium-N formed increased with increasing 

concentration up to 10 gg. At 15 ýLg the differences were only 

slight, but at 25 and 50 gg the amounts of ammonium-N formed decreased 

progressively. 

-In the nitrification experiments the results obtained from the 

unamended control soils and those amended with (NH 
4)2 so 41 showed 

that the latter consistently yielded higher levels of nitrate-N 

than did the unamended soils. The formation of nitrate-N over the 

28 days period was generally linear in both control soils, although 

the amended soil control with Verdasan (Fig. 31) showed a decline 

after 21 days. 

Two-general effects of the addition of fungicides on nitrification 

were apparent. At very low concentrations all three fungicides 

stimulated or did not adversely affect this process. The stimulation 

-was most marked with Thiram. at 10 gg per g of soil (Fig. 30). 

At higher rates of application however, increasing concentration 

of the fungicides led to progressive decreases in nitrate production 

(Figs. 28 - 31). The concentration at which nitrification was 

inhibited differed for the three fungicides: thus it occured with 

Verdasan at 10 Vg; with Thiram at 100 gg and with Captan at more 

than 250[Lg fungicide, per g of soil. 



Fig. 28 The effect of Captan on Nitrification 

-0 Control 

-0 Control +(NH 4)2 so 4 

a Captan 250 4g/g of soil 
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Fig. 29 The effect of Thiram on Nitrification 
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Fig. 30 The effect of Thiram on Nitrification 
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Fig. 31 The effect of Verdasan on Nitrification 
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Treatment of field soils with fungicides had a marked effect 

on the levels of nitrate-N, even in soils sampled 12 weeks after 

application (Fig. 18).. The lowest concentrations of nitrate-N 

were found 4 weeks after the application of Formalin; where it 

was reduced to approximately 507. of the control. Similarlyp Captan, 

Dicloran, and Thiram when applied at field rates inhibited nitrifica- 

tion to a marked degree. Of the fungicides tested Quintozene 

had the least effect upon this process. 

The application of fungicides-at twice the field rates had a 

similar pronounced effect on nitrification and ammonification. 

Again nitrate-N concentrations were reduced with the greatest 

effect following treatment with Thiram (Table 4 ). An increase 

in ammonium-N was associated with this decrease in nitrate-N follow- 

ing field treatment. 



DISCUSSION 

It is not surprising, in view of the central importance of 

nitrogen to soil fertilityq that the effects of fungicides and other 

pesticides upon the mineralization of the element have received 

intensive study. Emphasis has been placed upon nitrification- 

retardation and changes in the level of the ammonium ion. With the 

exception of the work of Altman (1969) there are few results available 

on the effects of fungicides on the early stages of nitrogen 

mineralization. 

Fungicide application had a marked effect upon the mineraliza- 

tion of nitrogen both in the field and in the laboratory. Treatment 

resulted in a change of the predominant form of the element from 

nitrate to ammonium. In addition the nature and amounts of free 

amino acids were altered. While the changes which take place in 

the ionic form of nitrogen are simple to interpretv changes in the 

free amino acid content are more complex. 

The free amino acid content of soil is dynamic and probably 

results from the excretory or lytic products of micro-organisms 

and of plant roots. Following the application of fungicides a 

portion of the soil microbial biomass is killed and provides sub- 

strates for the flush of resistant or quickly growing forms. 

Work presented in Section I indicates that this flush consists 

mainly of heterotrophic bacteria. Initially following treatment 

large amounts of proteinaceous material will be made available to 

these bacteria and other surviving micro-organisms. Free amino 

acids will be released into the soil solution following decomposition 



of this proteinaceous material. Some of these, mainly the basic 

fractiont will be fixed while large amounts of acidic and neutral 

amino acids will be available for deamination to release ammonia 

(Alexanderg 1961). 

The amount of free amino acid extracted from the soil following 

the application of fungicides will be dependent on both the size 

and nature of the flush following the initial kill off. Many 

micro-organisms are known to produce amino acids as excretory 

products. Balicka and Kosinkienick (1963) claimed that the majority 

of soil micro-organisms are able to excrete amino acids in the 

presence of N and C. Theynoted that ammonium-N is the best source 

of nitrogen in this synthesis. Following treatment, large amounts 

of carbon, and nitrogen in the form of ammonium are made available 

(Wainwright and Pugh, 1973). 

Quantitative results showed three trends : 

(1) following treatment the amount of free amino acid-N decreased 

-a finding contrary to the assumption that large amounts of 

amino acids are freed by the addition of fungicides. Howeverv 

Van Driel (1961) reported that the amount of mineralization 

of added amino acid-N was dependent on concentration and that 

mineralization increased with increasing concentration. Any 

large amounts of amino acids released into the soil due to the 

lysis of micro-organisms following fungicide treatment would 

thus be quickly mineralized. 

(2) low concentrations of fungicides tended to result in increased 

levels of -excreted amino acid-N. 



(3) The converse was true of high concentrations. 

These findings indicate that large concentrations of fungicides 

when added to the soil favour amino acid mineralization. This would 

agree with the findings presented belowq that large amounts of 

ammonium-N accumulated in soils treated with high concentrations of 

fungicide, while the converse was found following low rates of 

application. 

The amino acids extracted in this work are typical of those 

reported to occur free in soils (Paul and Schifiidt, 1960; Gilbert 

and Altmanp 1966). Glycine was not found, and threonine was uncommon 

in the control soilsq although they have been reported to occur in 

other soils (Sowden and Ivarson, 1966). Following the addition of 

fungicides howeverp these two amino acids were commonly extracted. 

Their appearance in treated soils calls for comment. Possible ' 

10 
reasons include: - 

(1) that they were produced by lysis of dead micro-organisms 

rather than by excretion of the active soil microfloraq 

(2) that they may have been excreted during the microbial flush 

when a limited flora was growing actively on the increased 

substrate, 

(3) that they are resistant to degradation, so that once produced 

they remain in the soil. 

Greenwood and Lees (1956) found that lysine, threoninev and 

methionine were particularly resistant to degradation whereas tryptophan, 

aspartic acid, and glutamic acid appeared more labile. 



Halvorsan (1972) has reported that single amino acids can be 

utilised as both carbon and nitrogen sources in bacterial nutrition. 

Amino acids which resulted in good growth of a range of soil bacteria 

included aspartic and glutamic acids and tryptophan. However, he 

also found that glycine and threonine were not utilised to any 

great extent. This reinforces the view that these amino acids are 

resistant to degradation. 

Nitrification Assessment of Methods 

The development-of spectrophotometric techniques to measure 

the amounts of ammonium and nitrate-N in soils enabled large scale 

evaluation of the effects of fungicides on ammonification and nitrifi- 

cation. In the past the basic methods used to determine these ions 

by colorimetry have been the phenoldisulphonic acid method for 

determination of nitrate (Eastoe and Pollard, 1950) and the Nessler 

method for ammonium determination (Yuen and Pollard, 1952). However, 

both of these techniques have been found to be inadequate, mainly 

because of their sensitivity to trace amounts of metal ions. 

other techniques used in the determination of the forms of nitrogen 

have suffered from similar patterns. The brucine hydrochloride 

method of Fisher, Ibert and Beckman (1958) for example is very 

sensitive to temperature and light. 

In 1965 Clarke and Jennings successfully modified a technique 

used by West and Lyles (1960) to measure nitrate-N preseent in 

water. The technique involved the use of Chromotropic acid (C. T. A. ) 

(49 5, - dihydroxy-2 7 napthalenedisulfonic acid disodium salt. ) 

The method was further improved by Simms and Jackson (1971). The 

C. T. A. method is rapid, highly sensitive and practically free from 



interferences. However the presence of large amounts of chloride 

and nitrite ions can interfere with colour formation. In some soils 

the presence of sugars or carbohydrates can cause difficulties. 

For examplev McNeilly and Howard (1973) found that the technique 

was unsuitable for use in woodland soils because of the development 

of a pink-purple colourp which masked the colour reaction. For 

the purposes of the present study however, it proved ideal. 

Nitrate-N is present in the soil in solution and therefore its 

extraction presents no difficulty. Calcium hydroxide was used as 

an extracting agent to help clarify the soil extracts. A linear 

relationship between colour intensity and nitrate-N concentration 

was found (Fig. 17). 

Unlike nitrate-N# the ammonium form is fixed in soils and cannot 

be removed by the use of water as an extracting agent (Nommikv 

1957). The extracting agent most commonly used isýpotassium chloride. 

In these studies normal solutions were used. 
I 

The colorimetric technique used for the determination of 

ammonium-N in these studies is based on that used to determine 

urease activity by McGarity and Myers (1967); as detailed by 

Parkinsong Gray and Williams (1971). A complete'- discussion of 

the reaction conditions for the method is given by Bolleter, 

Bushman and Tidwell (1961). and by Tetlow and Wilson (1964). A 

similar technique used by the Russian workers Shkonde and Koroleva 

(1964) employs phenol/hypobromite in preference to phenol/hypochlorite. 

The former however is a highly poisonous vapour a fact which has 

discouraged its use. 



The reaction between ammonium ions and phenolate/hypochlorite 

is complex and'is susceptible to variations in light and temperature. 

However, with adequate controls the technique proved ideal. 

one problem which arose from the use of these techniques was 

that two separate soil extractsp one using calcium hydroxide, and 

the other potassium chloridev were required. Howeverv McNeilly and 

Howard (1973) used KC1 with the C. T. A. method. The use of KC1 

extracts for both determinations should make future work less 

laborious. 

The optimum conditions for nitrification were determined prior 

to the addition of fungicides and the'results are in broad agreement 

with those found by other workers. 

The major ecological influence on nitrification is pH. Typically 

the rate falls off below pH 6.0 and becomes negligible below 5.0. 

although nitrate-N may be present in soils of pH 4.0 and below 

(Alexanderg 1961). There is clear evidence that the autotrophic 

ammonium-oxidising organisms is greater in neutral and alkaline 

soils, than in acid ones (Morrillp 1959). 

Nitrification is markedly affected by temperature. Numerous 

investigations have shown that below 50C and above 40 0C the rate 

is very slow. Neverthelesso Broadbentv Tyler and Hill (1958)ý 

found that although greatly reduced nitrification was still measurable 

at-30C Frederick (1956) reported that a temperature of between 

27-37 0C is the most favourable for the activities of the nitrifying 

bacteria, while Meiklejohn (1954) considered the temperature optimum 

for the process to be between 30 and 36 0 C. 



The nitrifying bacteria are faculative aerobes and anything 

which limits aeration (e. g. water-loiging) adversely affects 

nitrification. In both dry and wet soils there is a tendency for 

the accumulation of ammonium-N. The nitrifying population appears 

to be sensitive to drying, as suggested by the occurence of a lag 

phase in ammonium oxidation when soils are moistened and incubated. 

(Grunes and Vietsp 1966). Thus at low soilt water contents nitrifica- 

tion is inhibited by a lack of water, while under water-logged 

conditions aeration is the limiting factor. The optimum water 

content tends to vary with soil type, but is generally between 50% 

and 60% of the water h6lding capacity (Alexander, 1961). 

The three fungicides used in this work were associated with 

a decrease in nitrification and an increase in ammonification 

at the higher rates of application. At lower concentrationso nitrifi- 

cation and ammonification were not adversely affected, and nitrification 

was stimulated by Thiram. at 10 gg per g of soil. A similar increase 

in nitrate production was shown by Jacques, Robinson and Chase 

(1959) after adding low concentrations (12 ppm) of dithiocarbamates 

to soil. They regarded this as being caused by some indirect effect 

on the microbial population. 

The lowest rates of application of the three fungicides resulted 

in most nitrification and least ammonification. In both processes 

Verdasan was effective at lower concentrations than Thiram, while 

Captan required highest concentration to give similar results: thus 

inhibition of nitrification and maximum ammonification were obtained 

with 10 Verdasanp 100 gg Thiram and 250 4g per g of soil Captan. 



The various components of the microbial population of soil 

are differentially susceptible to the action of fungicides. The 

nitirfiers are a very specialised group restricted to a few genera'of 

bacteria. Kreutzer (1963) believed that this specialisation resulted 

in the nitrifiers being susceptible to fungicides and other partial 

sterilants. The ammonifiers howeverv include a wide spectrum of 

organismsq including bacteriag fungiv and to a lesser extent the 

actinomycetes. In neutral to alkaline soils the bacteria tend to 

predominate. Alexander (1961) noted that liberation of ammonium-N 

from organic matter is an action associated with many physiologically 

dissimilar micro-organismsp and that nitrogen is mineralized even 

under the most extreme conditions. The amount of C and N is 

increased by partial sterilants (Jenkinson, 1966). due mainly to 

changes in the microflora. Following the application of fungicides 

to the soilp the numbers of heterotrophic bacteria are at first 

reduced and then increased dramatically. The increase is probably 

responsible for the upsurge in ammonification. 

The increased nitrate production at low application rates of 

the fungicides may have resulted from the killing of a portion of 

the soil microflora (mainly the fungi). However, these low concentra- 

tions did not affect the nitrifying and ammonifying bacteria which 

were able to utilize the newly available substrates. 

The amount of nitrite-N remained low throughout the period of 

incubation of the soils. This agrees with the suggestion (Jacques, 

Robinson and Chasep 1959) that the ammonium oxidising organisms are 

susceptible, while nitrite-oxidising bacteria are not. 



Marked effects upon both processes were also seen in field 

soils. 

There is an extensive literature dealing with the effects of 

fungicides and fumigants on nitrification and armaonification, 

including : - 

Thiegs (1955); Jacquesp Robinson and Chase (1959); Gasser and 

Peachey (1964); - Good and Carter (1965); Dubey (1970); Prasadp 

Rajale and Lakhdive (1971); Prasad and Rajale (1972); Bundy and 

Bremner (1973). 

The addition of fungicides to soils both in the field and in 

the laboratory had a marked effect upon the mineralization of nitrogen. 

Such changes will have a direct effect upon soil fertility. In 

the past the importance of the nitrate form of the element has been 

emphasised. Recently however, it has been found desirable to change 

the equilibrium of soil nitrogen in favour of ammonium-N. A more 

detailed account of these changes in relation to soil fertility 

follows in the general discussion. 

0 



THE EFFECT OF FUNGICIDES ON THE EXCHANGEABLE 

METAL IONS OF SOILS 

Introduction 

Micro-organisms, especially bacteria, and fungiv play a major 

role in influencing the availability of plant nutrients in soils 

(Alexanderv 1961; Erlich, 1971). In general micro-organisms 

are active in interconverting various of the oxidation states of 

the elementp or by the production of acids which solublize the 

mineral from the parent rock. Differential effects of fungicides 

upon the microbial population may thus alter the concentration of 

various metal ions in soil. Such changes may be beneficial to plant 

growtho pr may result in a build up of the Lon, to,. toxic levels. 

In the present study the effects of fungicide treatment on 

the level of exchangeable sodiumv potassiump copper, manganese, and 

zinc were., determined both in the field and in the laboratory. 

short review of the properties, and the extent to which micro- 

organisms influence the availability of these cations follows - 

A 

Potassium 

Potassium is one of the major macronutrients needed by higher 

plants, and is present in these in quantities larger than any mineral. 

nutrient with the exception of nitrogen (Black, 1968). The cont en t 

of potassium in mineral soils is larger than that of nitrogen or 

phosphorousp and the supply of this element is rarely limiting to plant 

growth. -In most soils howeverv the great bulk of potassium is non- 

t 



exchangeable, with as little as 0.4% of the total potassium content of 

soil in the exchangeable or water soluble form (Black, 1968). 

Anderson, Keyes and Cromer (1942) found that the exchangeable 

potassium content of normal soils ranged from 66-341 gg/g of soil. 

Ammonium salts are generally used to displace potassium in soil, 

despite the criticism of Merwin and Peech (1951) who found that 

sodium acetate and. 0.2 N-acetic acid extracted more potassium than 

did ammonium acetate. 

Potassium is solubilized through the microbial liberation of 

organic and inorganic acids which react with potassium containing 

minerals. Howevert the element is also immobilized by micro- 

organismsp so that the amount present in the soil at any one time is 

an equilibrium. concentration between microbial mobilization and 

immobilization (Alexander, 1961), 

Certain bacteria including Bacillus Spp.. and fungi including 

Asperigillus niger are capable of releasing potassium from native 

aluminosilicate minerals. The production of the following mineral 

acidsp carbonicp nitric, sulphuric and certain organic acids are 

important in the-mobilization of-this element (Alexander, 1961). 

Sodium 

Sodium is an important plant nutrient mainly because of its 

relationship with potassium. Plants tend to vary in their sodium 

requirementv, but nevertheless together with potassium it is the principle 

monova. lent cation found in plants. The relationship between sodium 

and., pppas§ium in plant nutrition has been reviewed by Black (1968) ., 



The remaining metal ions which have, been studied in relation to 

fungicide application are the micro-nutrients copper, manganese 

and zinc. The relationship between these cations and microbial 

activity has been reviewed by Erlich (1971). He considered that the 

following factors affect the availability of these nutrients :- 

Micro-organisms may contribute directly to weathering of the 

parent rocks by the production of acids. 

Micro-organisms may precipitate or solubilize minor elements 

by catalysis involving enzymatic oxidation or reduction 

reactions in which the minor element acts as an electron 

acceptor or donor. 

Micro-organisms may liberate minor elements by metabolic 

interventiong that is by the production of an end product 

which reacts with minor elements in non-biological redox 

reactionsp salt formation, acid-base reactions or complexing 

agents. 

Copper 

Copper is essential to all cellular forms of life. Higher 

plants suffer when copper is deficientv exhibiting impaired carotene 

and chlorophyll synthesis. Copper is found in a number of enzymes 

including phenol- and cytochrome oxidases. 

In normal soils copper concentrations vary between 0.1 and 

1000 4g per g of soil. The solubility of the ion is very dependent 

upon, pH, Ehq and carbonate and sulphide concentrations. In addition 

-certain forms of organic matter complex Cu 
2+ 

and increase its stability 

in solution. 



Bacteria, such as Thiobacillus thioxidens are able to solubilize 

Copper compounds from carbonatesp silicates, and copper oxides, mainly 

by the production of sulphuric acid formed in the oxidation of sulphur. 

In addition bacteriag such as B. subtillus and B. firmis can produce 

complexing agents which can separate the ion from the mineral by 

binding it inore firmly (Erlichp 1971). 

Zinc 

Like copperv zinc is required by all cellular forms of life. 

A deficiency in higher plants results in reduced production of hormones 

such as indoleacetic acid; 

In soil the concentration of the ion may vary from 10 ýLg to 

looo pg per g and like copperv its mobility is affected by pH and 

adsorption and binding in organic matter. Again micro-organisms 

appear to influence the production of this ion by the formation of 

complexing agents. Desulfovibrio desulfuricans for example can form 

ZnS from 2ZnCo 3- 3Z 
n 

(OH) 2' from ZnC03 and from Zn + 
adsorbed on clays. 

Similarly the ferrobacillus-thiobacillus group of bacteria can oxidise 

ZnS to ZnSO 4 aerobically under acid conditions (Erlich, 1971; 

Bryner and Jamesong 1958). 

Manganese 

The concentration of mangane-se in the soil appears to fluctuate 

more than most elements. It exists as a bivalent ion, and as the 

higher oxides of different valencies, and degrees of reactivity. 

The bivalent reduced state is the one most readily available to plants, 

while'the higher valency forms tend to be largely unavailable. 



These various forms of the element are in equilibrium with one another, 

the direction of which depends on redox potential and moisture status 

of the soil. 

The oxidation state in which manganese is present in soils 

depends to a'large extent on the activities of micro-organisms. 

Manganese occurs mainly in the Mn 2+ 
state, which is soluble in soil 

solution and is available to both plants and micro- organisms; and in 

the tetra-valent Mn 4+ 
state which is generally present as Mn02 and 

is insoluble and unavailable. The overall reactions involved in 

these changes in oxidation states are :- 

(1) Mn 
2+ + 20H- + ýO 

2 Mno 2+H20 

(2) MnO + 4H+ +2 e- Mn2+ + 2H 0 22 

Oxidation of Mn 2+ 
yields Mn 

4+ 
while reduction of the tetra- 

2+ 
valent form yields Mn The form of the element which predominates 

is largely dependent on soil pH. As the soil pH rises above 8.0 

manganese tends to oxidize, while soil acidity below pH 5.5 favour the 

reduced state. Because the oxidised state is largely unavailable 

to plants manganese deficiency symptoms are usually seen in such 

alkaline soils (Christenseng Toth and Bear, 1950), but deficiences 

have also been found in near neutral soils (Grasimanis and Leeperv 

1966). 

The oxidation of manganese in neutral and acidic soils is largely 

biological, with a pH optimum of between 6 and 7.5 (Leeper and Swaby, 

1940). The reduction reactions on the other hand tend to be non- 

biological. Anything which checks the microbial oxidation of Mn 2+ 

causes the exchangeable and available form to predominate. 



Organisms which have been shown to be involved in Mn oxidation 

include Aerobacter. Bacillus Corynebacterium and Pseudomonas 
ý -9 9 Spp; 

and the fungal genera Alternariav Cladosporium. Curvularia. Helmin- 

thosporium and Cephalosporium (Ivarson and Heringa, 1972). There 

is little conclusive evidence to suggest that micro-organisms obtain 

energy from the oxidation of manganesev i. e.. they are not chemoauto- 

trophic micro-organisms. Howevert there are indications that such 

chemoautotrophy may exist (Alexander, 1961). 

It appears that the oxidation of manganese involves the microbial 

production of the following organic acids, citratev malate, tartarate 

and lactate. The micro-organisms which produce these compounds appear 

to immobilize only a fraction of the total available soil manganese, 

so that unlike potassiump there is little competition between plants 

and micro-organisms for this element. 

Little work is available on the effects of modern fungicides on 

soil chemical propertiesp although there is an extensive literature 

dealing with the effects of steam sterilization and fumigation on the 

nutrient status of soils (Warcup, 1957). 



MATERIALS AND METHODS 

(1) Laboratory Experiments 

Fungicides were applied as solutions or suspensions to Sutton 

Bonington soil. Samples were then incubated in Erlenmeyer flasks 

sealed with "Parafilm". at 25 0C for 21 days. At intervals sanples 

were removed for determination of cations present. 

(2) Field Experiments 

Fungicides were applied to the Rothamsted field plots at the rates 

shown in Table 2. Twenty eight days after treatment samples were 

transported to the laboratory and stored overnight at OOC. Cation 

, analysis was then performed within 3 days. 

4 

'Determination of Cations 

Cations were extracted with a molar solution of ammonium acetate, 

as suggested by Hesse (1971). 10 g of soil (< 2 mm) were leached by 

shaking for 2h with 100 ml of M ammonium acetate (pH7). The suspension 

was then filtered through Whatman No. 1 filter paper and the filtrate 

was analysed quantitatively for the following elements : Na., K. 9 

Cu. v Zn. and Mn. 

Determination of these cations was carried out using a Unicam 

SP. 90 atomic absorption spectrophotometer. Stock solutions containing 

1,000 ýLg/ml of the cation were prepared by dissolving the following 

salts in double distilledv de-ionized water : Potassium - 1.90 g. 

KC1 per 1. *: Sodium - 2.54 g. NaCl per l.; Copper - 3,92 g Cu SO 4 

5H 20 per l.; Zinc - 4.39 g Zn SO 4 7H 20 per l.; Manganese - 4.05 g 

Mn So 4 4H 20 per 1. From the stock solutionsv appropriate dilutions 

were made so that the highest concentration gave at least 80-90% 

absorption or emission. . At least three lesser dilutions were then used 



to prepare a standard curve. Na and K were determined by emission - 

the rest by absorption spectrophotometry. 



Table 9 Laboratory Studies on the Effect of Fungicides 

on Exchangeable Trace Elements 

Treatment 
Fungicide 1, Lg/g Time(Days) 
active ingredient 27 14 21 

Cu. mg/100 g of soil 

Control 30 22 10 10 

Benomyl 50 20 25 17 22* 

Benomyl 250 20 27 12 20 
Captan 50 20 32 17 17 

Captan 250 20 30 17 17 

Thiram 50 20 17 17 22* 
Thiram 250 12* 30 17 25* 
Verdasan 10 30 27 22* 15 
Verdasan 50 25 We 37* 15 

Mn. mg/100 g of soil 

Control 32 20 25 25 

Benomyl 50 25 37* 55* 47* 

Benomyl 250 32 52* 45* 50* 

Captan 50 32 52* 45* 50* 

Captan 250 40 60* 60* 60* 
Thiram 50 40 37* 57* 60* 
Thiram 250 50* 40* 50* 50* 
Verdasan 10 32 35* 55* 50* 

Verdasan 50 32 37*ýý-, 52* 47* 

Zn. mg/100 g of soil 

Control 62 65 45 72 
Benomyl 50 42* 52 56 55 
Benomyl 250 41* 80 60 59 
Captan 50 55 56- 45 41 
Captan 250 57 80 49 46 
Thiram 50 44* 60 47 64 
Thiram 250 47 72 45 63 

Verdasan 10 62 67 50 45 

Verdasan 50 45 55 37 57 

Means of 4 replicates *Significantly different from control 
at P>0.05 



Table Laboratory StudieE on the Effect of Fungidices 

on Na and K 

Treatment: Fungicide Time(Days) 
Pg/g active ingredient 27 14 21 

Na. ýLg/g of soil 

Control 262 116 137 134 

Benomyl 50 231 123 162* 150 

Benomyl 250 237 145 146 182 

Captan 50 262 127 144 146 

Captan 250 237 189 142 121 

Thiram 50 237 127 162* 185* 

Thiram 250 244 135 151 236* 

Verdasan 10 406* 137 162* 247* 

Verdasan 50 712* 662* 656* 989* 

K. ýLg/g Of soil 

Control 175 220 137 139 

Benomyl 50 170 236* 139 155 

Benomyl 250 165 246* 146 161* 

Captan 50 187* 237* 144 154* 

Captan 250 182 254*' 143 159* 

Thiram 50 179 232* 162 151 

Thiram 250 179 --236* 152 -177 
Verdasan 10 182* 246* 152* 145 

Verdasan 250 190 250* 156* 155 

Means of 4 replicates 

*Significantly different from control at p>0.05. 



TablelO. 

Control 

Benomyl (a) 

Benomyl (b) 

Captan 

Thiram 

Quintozene 

Changes in Soil Exchangeable Cations Following 

Application of Fungicides in the Field 

Cu Mn Zn Na K 
(Mg/loog) (Mg/loog) (mg/loog) (ug/g) (ug/g) 

40 55 30 184 250 

16* 66 31 230 325 

24 120 41* 236 293 

41 56 27 231 308 

35 150 59* 243* 400* 

32 272* 61* 278-, 240 

Means of 8 replicates. 

*Significantly different from control at p >0. '05. 



RESULTS 

The application of fungicides to field soils generally increased 

the amounts of exchangeable Mn, Na and Zn (Tableffi). In Thiram 

treated soils there were statistically significant increases in Nal 

K and Zn. The only other significant changes followed the application 

of Benomyl. At the higher rate Cu was significantly decreased while 

at the lower rate Zn was increased. 

Laboratory studies on the effects of fungicides on exchangeable 

cations are shown in Tables '. S,, '41. Throughout the incubation 

period there was a general increase in the amount of exchangeable K 

following fungicide treatmentq while amounts of exchangeable Na were 

not generally significantly different from the control, except follow- 

ing the application of Verdasan. Small increases in Na were seen in 

Benomyl and Thiram treated soils. 

The effects of the fungicides on the concentration of trace 

elements in the laboratory incubated soils are shown in Table 2, 

Significant increases in the concentration of Mn followed the addition 

of fungicides. Generally with the exception of the two day sample, 

fungi'cide application also increased the amounts of Cu. while the only 

changes in the concentration of Zn were decreases after the application 

of Thiram at 50 ýLg/g of soil and at both concentrations of fungicides. 



DISCUSSION 

Changes in the exchangeable cation status of soils following the 

application of fungicides have rarely been reported. Howeverg similar 

though more pronounced effects have been shown following fumigation 

and steam sterilization. Aldrich and Martin (1952) found increases 

in Ca, Mgj Mn and K following fumigation with D-D and chloropicrin. 

Similarly Smith (1963) reported increases in Fe, Mn and P in fumigated 

soilsq and Skipper and Westerman (1973) have recently detailed numerous 

changes following propylene oxide and sodium azide treatment. Steam 

sterilization in particular has a marked effect on the availability 

of Mn in soils. Often the amounts of available Mn are increased to 

toxic levels (Boydq 1971; Sonneveld and Voogt, 1973). 

In this study significant increases in exchangeable K and Mn 

occuredq with smaller increases in Cu, Zn and Na. Most of these 

changes have been observed in partially sterilized soilst particularly 

following fumigation (Warcup, 1957). The following factors are important 

in- determining the degree of change in the nutrient status of soils 

following fungicide treatment. 

(1) Activities of Micro-organisms 

Many of the biochemical changes which follow fungicide treatment 

can be attributed to the marked flush of heterotrophic bacteria. 

Micro-organismsq particularly bacteriag are important in influencing 

the availability of soil cationsp either directly or by the formation 

of exogenous products. The concentration of a metal ion dependsq to 

a large extentg on the balance between microbial mineralization and 

/ 



immobilization. Bacteria in particularv can mobilize metal ions from 

the native mineral by the production of organic acids. Large quantities 

of these acidsp in particular 2-Keto-gluconic acid, are likely to be 

produced by the increased bacterial population in treated soils 

(Webley and Duff, 1965; Barberg 1969). The increases in K seen in 

fungicide treated soil may result from such mineralization. Balancing 

this release of cations into soil solution is the microbial utilization 

of metal ions, i. e. immobilization. 

Casida and Santolo (1961) found an increase in the growth of 
I 

bacteria in the presence of manganese and ion, similarly Weinberg 

(1964) found that Mn is required for the growth of Bacillus-Spp,. v 

and Heim and Lechevalier (1956) found that strains of Streptomyces 

increased their dry weight in the presence of iron and zinc. 

Very small amounts of cations will also be released following 

lysis, from micro-organisms which are killed by the fungicides. However 

this is unlikely to contribute greatly to the cation content of the 

treated soil. 

Differential effects of fungicides on the microbial population 

may also influence the level of cations. For examplet if the manganese 

oxidising bacteria are more susceptible to fungicides than are the Mn 

reducersp this will result in an increase in the available form of 

the element. 

(2) The Presence of Organic Matter. 

I Allison (1951) found that water soluble organic matter was in- 

creased in soils following fumigation with ethylene oxide SOlUtion, 

Similar increases in organic matter will occur in soils treated with 

fungicides. It appears that enzymes liberated from such organic 



matter continue to degrade compoundsp formingg amongst other things, 

soluble complexing agents, which interfere with cation fixation. 

Organic matter has the greatest effect on the availability of 

manganese. Heintze (1957)9 for example, found that the higher oxides 

of Mn did not commonly occur in organic soils. Thus fungicide treated 

soils containing large amounts of water-soluble organic matter would 

favour the reduced and exchangeable form of the element. The effect 

of organic matter on Mn transformations must take at least three 

forms* 

The production of complexing agents to effectively reduce the 

activity of the free ion solution. 

(ii) A decrease in the oxidation potential of soil, either directly 

or indirectly through increased microbial activity. 

(iii) A stimulation of microbial activity which results in incor- 

poration of Mn in biological tissue. 

(3) Hydrogen - Ion Concentration (pH) 

The pH of soil increases markedly following partial sterilizationg 

particularly fumigation (Allisong 1951; Skipper and Westerman, 1973). 

Similar increases in pH occurred when soils were treated with fungicides. 

In some cases this increase is probably due to the presence of basic 

substances in the formulationo thus, for example, Verdasan contains 

basic sodium carbonateg and has an initial high pH. However, even in 

Verdasan treated soils the pH continued to rise over the incubation 

period. Such pH increases are probably due to the formation of basic 

NH 4+ ions in soil solution. Changes in pH are important becausev in 

addition to moderating the absorption and precipitation of micro- 

nutrients in soil, pH also alters plant uptake of elements. 



Fungicides can, by altering, the pHq microbiology and water soluble 

organic content of soils, markedly influence the nutrient status of 

soils. In additiong most fungicides contain metal ions within their 

formulation which directly increases the soil cation content. 

Increases in cations are consistently found in partially sterilized 

soilsq whether the agent of sterilization is steam, fumigant, or fungi- 

cides. The degree of alteration in the nutrient relates directly 

to the "strength" of the partial sterilant. Thus, of the three, 

fungicides have the least effect upon the soil nutrient status. 

Howeverv such changes may have a marked influence on the growth of 

both plants and micro-organisms. 



THE I EFFECT OF FUNGICIDES ON THE AUXIN CONTENT OF SOILS 

Introduction 

Soils are known to contain compounds which exhibit biological 

activity (Parker-Rhodesp 1940; Stewart and Anderson, 1942; Hamence, 

1946; Whiteheadp 1963 and Sheldrake, 1971). This activity is thought 

to be due to the auxin 3-indoleacetic acid (IAA). As yet-however,. 

no soil auxin has been fully chemically characterized (Stevenson, 

1967). The auxin content of the soil depends on the soil type, and 

the extraction method employed. Values of apparent IAA content 

rante from 0.062 - 45 g. per kg of soil, with soils rich in organic 

matter containing the largest amounts (Hamence, 1946). Auxins appear 

to be non-uniformily distributed in soils, and are assumed to originate 

mainly as the result of microbial activity. Micro-organisms can 

synthesise IAA and other indoles in vitro and appear potentially capable 

of producing large quantities in the soil (Roberts and Roberts, 1939). 

The study of auxin biosynthesis in vitro is relatively straight- 

forward; in the environment howevert it is complicated by the fact 

that both micro-organisms and plants synthesise indoles from the 

same precursor L-tryptophan. 

The microbial degradation of tryptophan has been reviewed by 

Phelps and Sequeira (1968). The basic pathways which are involved 

are shown in Fig. 37. Thimann (1935) showed that L-tryptophan was 

required by Rhizopus Suinus in the synthesis of IAA9 and that 3 indolepyruvic 

acid (IPyA) was a possible intermediate. Subsequently a number of 



workers have showed that tryptophan is the major precursor in the 

microbial production of auxin (Kaper and Veldstra, 1958; Larsent 

Harbop Klungsoyn and Aasheim, 1962; and Buckley and Pugh, 1971). 

Recent work by Gordon and Paleg (1961) suggests that auxins may 

be formed from tryptophan by the action of phenols, and phenol 

oxidases, without the direct intervention of plants or micro-organisms. 

Definfte statements on the role of soil auxins must await further 

studies to determine their exact chemical nature, and elucidate their 

effects on plant growth. However auxins are known to have a direct 

effect upon root growth (Sheldrake, 1973) and this, coupled with their 

importance as plant growth regulatorsq suggests that they may play an 

important role in soil fertility. 

The purpose of this work was to characterize soil auxins and 

determine what effect the addition of the fungicide Captan would have 

upon their nature and concentration. 



MATERIALS AND METHODS 

(1) Incubation 

Fresh Sutton Bonington soil was sieved ( <2 mm) and brought to 

667. of its water holding capacity with sterile distilled water. 

Soils treated with Captan received 50 pg/g active ingredient per g of 

soil. Soils (300 g) were then incubated in 1 litre polythene bottles 

sealed with "Parafilm" for 7 days'at 25 0 C. prior to extraction, 

Ten replicates of treated soils and controls were included. 

(2) Extraction 

Extraction of auxin was based upon the method of Hamence (1946). 

The soils (300 g) were extracted with 1% W/V Ca(OH) 2 
(250 ml) by shaking 

for 2h in the dark at 25 0 C. The soil slurry was then filtered under 

pressure into a Buchner flask darkened with aluminium foil and cooled 

in a salt-ice freezing mixture. 

A portion of the filtrate (200 ml) was then adjusted to pH 2.5 

with 2.5 NHCl and extracted with 2x 100 ml of diethyl ether. The 

ether was washed with water and the acidic fraction removed by partition- 

ing with 5% Na HCO 3* This fraction was then adjusted to pH 3.4 and 

extracted with a final volume of ether which was concentrated in 

vacuo at 37.5 0C and completely reduced with nitrogen. The residue 

was then taken up in I ml of ether for chromatography. 

(3) Chromatography 

AR chromatography was performed at 25 0C in the dark. 



In the first instance 100 4g of the extracts were spotted onto 

Whatman Wo. I Chromatography paper and run in propan, -1.,. Iol/NH 3/ 

water solvent (10 :I: J). A number of indole compounds were run 

alongside the extract as standards. 

The chromatograms were then sprayed with Erlicl? s reagent (1% 

p-dimethyl-amino-benzaldehyde in If. HC1). The extracts produced a 

pattern of spots which was similar to that produced by the 3-indole 

pyruvic acid standard. 

In order to demonstrate that only one compound was present 

the extracts were next run two dimensionally in acetic acid/butan-l-ol/ 

water solvent (16 : 25 : 5) and then at right angles in 20% KC1. 

The chromatograms were examined under u/v light and then sprayed with 

the following locating reagents (1) Erlich's reagentp (2) Salkowski's 

reagent, (3) ammoniacal silver-nitrate reagent (4) nitric-nitrite 

reagent. 

Paper Electrophoresis. 

The extracts were spotted onto Whatman No. 1 Chromatography paper, 

and run for 4h at low voltage (7.35 volts per cm)t in a Shandon paper 

electrophoresis unit. The following buffer solution was used - 

glacial acetic acid + 25 ml pyridine diluted to 625 ml with water 

(pH 6.2). 

. (5) Ultra-violet Spectroscopy 

Final characterisation of the unknown was achieved by extracting 

the spot located with u/v light with 50% v/v ethanol/water and determining 

its u/v spectrum using a Unicam Sp. 800 Spectrophotometer. For 



comparison the u/v spectra of the following indolesp 3-indoleacetic 

acid (IAA)v 3-indolealdehyde (IA)v 3-indoleacetaldehyde (IAC)v 3- 

indolepyruvic acid (IPyA), 3-indolecarboxylic acid (ICA); were determined. 

(6) Quantitative Determination 

Depulicate samples of the ten replicates were chromatogrammed. 

The fluorescent spots were located under u/v light and cut out. The 

two duplicate spots were then combined and eluted with 507. V/V ethanol/ 

water. The amount of fluorescence was then determined at 312.5 nm,, 

using a Unicam, Sp. 600 ultraviolet spectrophotometer. The amount of 

unknown in the fungicide treated soils was then calculated as a per- 

centage of the control. 

(7) Determination of Certain Properties of IPyA 

The breakdown of IPyA under specific conditions was determined 

(a) The Effect of pH on the on the Stability of IPyA. 

A 0.001M solution of IPyA in 50% V/V ethanol/water was prepared. 

Citrate-phosphate buffer (1 ml) was added to 4 ml of solution 

to produce solutions of IPyA at the following pH. 2v4v 6 and 8. 

The u/v spectra of the solutions were determined immediately. 

(b) The degradation of IPyA with Time at pH 8.0. 

The breakdown of IPyA at pH 8.0 was determined after 0. 

109 159 25 and 40 mins. 

(8) Determination of Biological Activity Using the Wheat Straight 

Coleoptile Test. 

Wheat seeds were germinated on pads of damp tissue paper in the 

dark at 25 0 C. When the coleoptile, reached 10 cms they were removed 

and floated in distilled water in the dark (25 0 C). 



Sections of coleoptile (4 mm) were then cut using a standardised 

cutterv and were floated in distilled water for a short period. The 

chromatogram spots were located on the chromatography paper under u/v 

light and cut out. Two spots were then cut into small pieces and 

eluted in glass vials containing citrate-phosphate buffer (pH 5.0) + 

2%-sucrose (1 ml). Controls were also included. These consisted of 

areas of solvent impregnated paperp similarly eluted. The coleoptile 

lengths were added to the elutants and shaken (1 stroke/min) in the dark 

at 25 0C for 20 h. At the end of this period the coleoptile se&tions 

were removed and changes in their length determined. 



Tablell Amounts of Auxin Characterised from Control 

and Captan Treated Soils 

Control Captan 50 ug/g of Soil 

Soil Sample Auxin Expressed as 
Percentage of Control 

212.3 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 

221.0 

223.0 

121.1 

124.0 

30.6 

211.4 

211.4 

216.3 

211.4 

178.0 



RESULTS 

(1) Chromatography 

The pattern of spots produced when the unknown substances were 

run in propan-l-ol/NH 3 
/water solvent is shown in Fig. 32. Five 

definite spots were produced, together with two faint ones. The 

pattern was almost identical to that produced by the IPyA Standard. 

None of the other indoles tested produced a similar breakdown pattern. 

When the unknown extracts were run two-dimensionally only one spot 

resulted. This spot fluoresced white/blue and was located in an area 

equivalent to the IPyA standard.. 

The unknowns and standards were run one dimensionally in butanol/ 

acetic acid/water solventv and the Chromatograms were developed with 

various locating reagents which are specific for indoles (Table 12. ). 

The results show that both the unknown and IPyA standard had similar 

r. f. values and gave identical reactions with the locating reagents. 

Ultra violet light was a particularly useful tool in the character- 

isation of the unknown - of the following indoles, IAA, IACt IPyAj 

IAN, ICA; only IPyA and IAC fluoresced. The latter fluoresced 

bright white, while both the IPyA standard and the unknown fluoresced 

blue/white. ' 

Paper electrophoresis was used to further characterise the unknown. 

Both the unknown and IPyA standard were located by u/v 3 cms towards 

the anode following electrophoresis. 



Fig. 32 The breakdown pattern of the unknown and 

IPyA in propan-l-ol/NH 3 
/Water (10 :1 : 1) 

solvent 
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Table 12, Comparison of the Properties of the Unknown 

I. Py. A. and I. A. A. 

Test Unknown I. Py. A. I. A. A. 

Pattern when Characteristic Characteristic No breakdown 

chromatogrammed pattern pattern 
in NH /propan-l- 
Ol/waier solvent 

R. f. value 0.93 0.90 

Response to u/v Blue-white Blue-white No fluorescence 
light fluorescence fluorescence 

Electrophoresis 3 cm +3 cm 
R. f. value 

Reactions with : - 
Ar=oniacal Aq. NO 3 Instant brown Instant brown No reaction 
Reagent colour in cold colour in cold 

Salkowski's Purple-grey Purple-grey Pink 
Reagent 

Erlich's Crimson-pink Crimson-pink,, 
_ 

Purple 
Reagent 

Nitric-Nitrate No Reaction No Reaction Pink 
Reagent 



(2) Ultra-violet Spectroscopy 

The unknown was finally characterized using u/v spectroscopy. 

The u/v spectra of a number of indoles were also determined for reference 

purposes. The results are shown in Fig. 33. The unknown produced 

a characteristic spectrum with a broad peak at 312.5 nm. The u/v 

spectrum of IPyA was almost identical to that of the unknown, with a 

peak at 312 m. 

The other indolesp with the exception of 3-indolealdehyde had 

markedly different spectrat consiting of a number of peaks in the 275 

nm region (Figs. 36,37(a)). 3-indolealdehyde exhiýited a peak at 

300 nmp but also produced two other peaks, at 245 nm and 262 nm 

(Fig. 36(b)). 

(3) Investigation of the Breakdown Properties of IPy 

The results indicated that the unknown was IPyA. The breakdown 

of pure IPyA was next determined at various pH. IPyA appeared very 

susceptible to changes in pH. At a pH of between 2 and 7t the typical 

broad curve of IPyA was given, the position of this peak altered 

however. At pH 2. for example, the peak was in the 330 nm region. 

At pH 8.0 minor peaks in the 290 nm region began to appearp indicating 

that the pure IPyA was breaking down into a number of components. 

The breakdown at pH 8.0 was determined over a period of 40 min. (Fig. 

35). The breakdown began immediately and continued, so that after 

40 mins two distinct minor peaks resulted. 

(4) Determination of Biological Activity. 

The elutants of the unknown spots exhibited definite biological 

activity. There were increases in wheat coleoptile length of between 

18 and 94%. ' 



Fig. 33 The ultra-violet absorption spectra of the 

unknown and IPyA. 
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Fig. 34 The effect of pH on the ultra-violet 

absorption spectrum of IPyA. 
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Fig. 35 The change in spectral characteristics 

of lPyA with time at pH 8.0 

(numbers refer to time (mins. ) and the 

spectrum at pH 4.0 is included for 

comparison). 
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Fig. 36 The ultra-violet absorption spectra of 

certain indoles 

(a) 3- indoleacetic acid 

3- indoleacetonitrile 

(b) 3- indolealdehyde 

3- indolecarboxylic acid 
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Fig. 37 (a) The ultra-violet absorption spectra 

of certain indoles 

Tryptophan 

3- Indoleacetaldehyde 

(b) The effect of the addition of CA(OH) 2 

followed by acidification to pH 2.5 

on certain indoles. 

Trytophan 

3- Indolepyruvic acid 

3- Indoleacetic acid 
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Fig. 38 Summary of possible pathways in the bio- 

synthesis of 3- indoleacetic acid from 

tryptophan 

(Phelps and Sequira, 1968) 
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DISCUSSION 

A compound which exhibited auxin activity was extracted. The 

results of specific tests applied to this unknown, particularly its 

reaction with ammoniacal silver nitrate and its characteristic 

u/v spectrumv showed that the unknown was IPyA or a closely related 

compound. The origin of this substance is not clear: at first sight 

the evidence-would suggest that IPyA was present in soil and was success- 

fully extracted. Howeverv the use of alkaline extracting agents would 

probably exclude this suggestiong and may indicate that the IPyA was 

in fact an extraction artefact. 

Pure IPyA is very unstablev particularly in alkaline solution 

(Bentleyp Farrarg Housley, Smith and Taylor, 1956; Kaper and Veldstra, 

1958; Schwarz and Bitancourt, 1960; Kaperv Gebhardv van den Berg 

and Veldstrap 1963; Winter, 1964). It appears that IPyA exists 

in solution in the enol form which is staDle in the region of pH 

2.9 
_- 

6.0. In neutral to alkaline conditions the compound is converted 

to the keto-form. Thus Kaper et a_l_(19_63) concluded that when in 

solution IPyA shows, a marked tendency to, establish a tautometric 

equilibrium-in thecrystalline state it exists in the enol form, 

while in alkaline solution the keto form predominates and the compound 

degrades. 

,_ _Themarked 
instability of IPyA under alkaline 

-conditions suggests 

that it can be stable only in acid and neutral. soilst and that when 

present cannot be extracted by the use of alkaline solvents. The 

anomaly between-the instability of IPyA in alkaline, conditions and the 

factIthat it was characterised can be explained by assuming :- 



(1) That it was present in the soil and was successfully extracted. 

This would suggest that IPyA can form protective bonds with for example 

organic matter which prevent it from breaking down in alkaline solvent. 

(2) That IPyA was not present in the soil, but a stable compound 

possessing similar properties was. 

i 
(3) IPyA was not present in the soil, but a precursor (for example 

tryptophan) was. During the exrtaction precursor was converted to 

IPyA 

(4) A compound which was not a precursor of IPyA (for example IAA) 

was present in the soils and was converted to IPyA during extraction. 

The last two hypotheses were tested by dissolving pure IPyA, 

JAA and tryptophan in 1% v/v Ca(OH) 2 followed by acidification to 

pH 2.5 - i. e. the compounds were exposed to the same conditions used 

to extract the soil. After 2h incubation at 25 0 C. the u/v spectra 

of the individual compounds were determined to see if they were stable 

under these conditions. The results show (Fig. 38) that tryptophan 

and JAA were stable under these conditions but that IPyA was converted 

to a compound exhibiting a markedly different spectrum in the 275 nm 

region. This sugges. ts that (1) IPyA could not have been extracted 

in a stable form by the extracting agent used, (2) tryptophan and IAA, 

which were stable under these conditions, were unlikely to have been 

the origin of the IPyA which was characterised. 

The evidence at this point suggests that IPyA was not extracted 

from the soil, but was an extraction artefactq derived from an as yet 

unknown precursor. Howeverv the possiblity that the unknown which was 

characterised was a closely allied stable compound cannot be ruled out. 



The major works on soil auxins have involved the use of alkaline 

extracting agents (Hamence, 1946; and Stewart and Anderson, 1942). 

Howeverv other extracting agents have been used. Parker-Rhodes 

(1940) used water extractsv while more recently Sheldrake (1971) used 

ether extracts. Stewart and Anderson (1942) after studying the efficiency 

of a number of extracting agents concluded that both water and ether 

were incapable of extracting auxin from mineral soils. Sheldrake 

(1971) used ether to remove auxin from organic woodland soils and found 

that ether extracted only one fifth of the total soil auxin. The 

use of alkaline extracting agents by early workers suggests that their 

work may have been based on extraction artefacts, and that the presence 

of auxins in mineral soils has not yet been conclusively demonstrated. 

Clearly further work on the auxin content of soil is required. 

The results presented here suggest that over twice the amount of 

the auxin-potential was found in the extracts from Captan treated soils 

compared with the controls. This increase in soil auxin-potentiaX was 

probably due to the marked increase in heterotrophic bacteria found in 

such treated soils. A wide variety of micro-organisms have the ability 

to synthesise auxins includingt fungi (Gruen, 1965; Valadon and Lodge, 

1970; and Buckley and Pugh, 1971); bacteria (Kaper and Veldstra, 

1958; Larsen et al. 1962; Sequiera and Williams, 1964); and algae 

(Mowatv 1963). 

The presence of auxins in these soils has not been demonstrated 

conclusively, although the results show that the potential for auxin 

production was present. The use of alkaline extracting agents for soil 

auxins may result in extraction artefactsv and should be carefully examined 

in the light of the present evidence. Fungicide treatment appears to 

increase at least the potential for soil auxin activity. 



GENERAL DISCUSSION 

The fungicides used in this study range from a broad-spectrum 

biocide, formaling to Benomylv a modern selectivev systemic fungicide. 

These compounds generally had a marked effect on the microbiology and 

biochemistry of soils. The changes which were seen following treat- 

ment can be summarised :- 

(1) At most rates of application changes in the microbial equilibrium 

of the soils occurred. Fungal numbers were reduced initiallyp but 

were often in excess of the control value at the end of the incubation 

period. Cellulolytic fungi howeverv appeared to be largely insensitive 

to the action of fungicides. Bacterial numbers increased dramatically 

following treatment, to reach a peak which was dependent upon the fungi- 

cide concentration applied. 

(2) High concentrations of fungicides led to a decrease in nitrate 

productionp and a marked increase in the levels of the ammonium ion. 

Very low concentrations of fungicides howeverp tended to favour 

nitrification. 

(3) Towards the end of the incubation period low concentrations of 

fungicides led to increases in the total free-amino acid-N concentra- 

tion in soilp while the converse was true of high concentrations. 

Addition of fungicides also led to qualitative changes in the free 

amino acid content of soils. 

(4) Increases were also seen in certain metals including Kv Nap Mn 

and Znv in fungicide treated soils. 



(5) The auxin-potential of the soil was doubled following treatment 

with Captan. 

Soil is a very complex environment. The activity of micro- 

organisms living in this environment is dependent upon a whole range 

of biologicalp chemical and physical factors. In a climax soil 

substrates for microbial colonization are limiting. Potential energy 

for growth is therefore low and organic entropy approaches maximum. 

Kreutzer (1963) states that under these conditions the rulirg condition 

is one of quiescence. 

When a fungicide is added to a soil it has an effect on the soil 

microbial population. This may be a blanket effect, or may be specific 

to one group of micro-organisms. Following the killing of a portion 

of the soil microbial biomassq substrates are released into the soil 

environment. Potential energy for the growth of heterotrophic 

organisms is raised and entropy decreases (Kreutzerv 1963). 

At the climax of these changes the soil consists of an almost 

pure culture of heterotrophic bacteria, together with a number of 

resistant fungi, and actinomyceteso which are able to-. exist in this 

highly competitive environment. There is an abundance of nitrogen 

in, the form of ammonium-N and free aminoýacids. Certain metal ions 

are released into the soil, following mineralizationo while others 

are immobilized by the flush of heterotrophic bacteria. This prolifer- 

ating bacterial population is active in producing metabolic bi-products. 

Changes also occur in the physical properties of soilp particularly 

in pH. 

These changes determine the nature of the microbial recolonization 

of treated soils and in turn have a direct bearing on soil fertility: - 



(1) The Effects of Fungicide Application On Plant Pathogenic Fungi. 

In addition to the direct killing of the target organismsp three 

direct effects of fungicides on plant pathogenic fungi have been 

recognised. 

(i) Disease Trading - This is the situation where a dominant pathogen 

is controlled by the fungicide, but a minor parasite is elevated to 

major importance. For example, Huber, Watson and Steiner (1965) 

showed that Telone provided excellent control of. Verticillium wilt of 

potatoesp but increased the severity of diseases caused by Rhizý02tonia. 

(ii) Boomerang Effect - This occurs when a dominant pathogen is controlled 

initially by the fungicide treatmenty but later returns with increased 

virulence (Gibsonp 1956; Kreutzerv 1969). 

(iii)Indirect Control of Pathogens - The classical case of this phenomenon 

is the biological control of Armillarea mellea on citrus roots by 

Trichoderma tppq following soil fumigation (Garrett, 1957). An added 

facet of this phenomenon has been provided by Ohr and Munnecke (1974). 

who have suggested that sublethal concentrations of a fumigant-(methyl 

bromide) may reduce the ability of A. mellea to produce antibiotics 

inhibiting fungi such as Trichoderma. 

Most of these phenomona result from changes in. the microbial 

equilibrium of treated soils. During the recolonization of soil, 

following the formation of a biological vacuum certain species may 

appear which would not have previously been dominant. Similarly a 

pathogenic species may be initially controlled by the fungicides, 

but, may reappear with greater virulence due to the lack of competition 

from other fungi. 
- 



(2) Increased Growth Response 

An increase in higher plant growtht above that resulting from 

elimination of pathogenic fungi, often follows fumigation or fungicide 

treatment. Such increases have been extensively reported. Benzian 

(1965) for examplev showed that the sterilization of forest nursery 

soils with formalin led to increases in weight and vigour of conifer 

seedlings. 

Similar increases in yield have been reported by Widdowson and 

Penny (1956)9 Salt (1967)9 Ebbels (1969), Cooke and Hull (1972). and 

jenkinsong Nowakowski and Mitchell (1972). The phenomonen. of increased 

growth response following treatment was reviewed by Altman (1964). 

Increased growth of plants following the partial sterilization 

of soils is generally thought to result from the increased mobilization 

and availability of nitrogen. Howeverv opposition to this view has 

been expressed (Wilhelmp '1965). A number of authors have suggested 

that otherv more subtle factors are involved (Aldrich and Martino 1952; 

Smitho 1963; Altman, 1970; and Rawlinson and Colhount 1970)p for 

exampleg considered that increases in plant growth resulted in part 

from the increased availability of certain cations following fumigation. 

Wilhelm (1965) and Rawlinson and Colhoun (1970) found that the mercurial 

fungicide Cerasan protected the mesocotyl of oat seedlings from contamina- 

tion and invasion by certain soil fungi which are normally regarded 

as saprophytes. one factor which has not,, been considered is the 

possibility of an increase in soil amino acids or auxin, or other growth 

regulators. The effects of auxin on root growth is well known 

(Sheldrakep 1973)p and the evidence suggests that-they could be respon- 

sible in part for this increased growth response. 
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This work indicates that there are a number of changes in soil 

population which may account for this phenomoneng and it is probable 

that no single factor is-responsible. 

The addition of fungicides to soil led to increases in annonium-N 

and corresponding decreases in nitrate-N. In the past nitrate has 

heen considered to be the most important form of the element. However, 

it has been recognised that ammonium-N can play a dominant role in 

plant nutrition (Blackv 1968). Thus the inhibition of nitrification 

following fungicide treatment may be beneficial to soil fertility. 

Ammonium-N is fixed by cation exchange in soils, while nitrate-N 

is free in solution. Thus ammonium-N is less likely to be leached 

from the soil and in this forraq this essential element is conserved. 

Recent work indicated that nitrification inhibitors can have a beneficial 

effect on soil fertility. Probably the most extensive research on 

any single inhibitor has been on 2-chloro-6-(trichloromethyl) pyridine 

(Goringv 1962). This compound has been found to be extremely specific 

for the autotrophic ammonium-oxidising micro-organisms. 

Fieid experiments with cottong sweetcorn, and sugar beets under 

irrigation (Swezey and Turnerp 1962) showed that both the yield of 

the crop and the nitrogen content were increased where 2-chloro-6- 

(trichloromethyl) pyridine was applied with ammonium nitrogen. 

In the short term, changes in the microbiology and biochemistry 

of soils which result from fungicide treatment appear to be marked. 

There is very little evidence to suggest howeverg that in the long 

term the use of modern fungicides presents a great threat to the soil 

environment. Indeed the evidence presented in this thesis indicates 
i 



that the converse is true, and that the changes which ensue from 

fungicide treatment are likely to be beneficial to soil fertility 

- at least in the short term. Neyertheless, constant testing and 

vigilence are needed in the future to avoid any major problems which 

could result from the continual use of fungicides and other pesti- 

cides in the soil. 
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APPENDIX A. DETAILS OF THE FUNGICIDES USED 

(1) Benomyl 

Active ingredient Methy (1-butylcarbamoyl) - benzimadazol 2-yl carb- 

amate 50% W1W. 

In addition to its eradicant and proctectant fungicidal properties 

and action as a mite ovicide, benomyl possesses considerable systemic fun- 

gicid. al properties (Delp and Lapping, 1968). 

It is effective against Verticillium albo-atrum, powdery mildews 

and black spot of rosesp but not against Helminthosporium spp. (Greenaway, 

1972). Phytophthora infestansp or Pvthium- pp. Bollen and Fuchs 

(1970) found that Benomyl had a striking selectivity of action within 

the Deuteromycetes. While certain species were sensitive members of 

the Porosporae and Annellosporae were not. Similarly members of the 

Oomycetes were found to be insensitive. Benomyl resistance has been 

shown in Botrytis cinerea (Bollen and Scholten, 1971) and in Penicillium 

brevicompactum and P. corymbiferum (Bollenp 1971). 

CO-NH-C Hq 
4 

, -NH-CO-OCH 3 

Bdnomyl 

-NH-CO-OCH 

M. B. C. 

In aqueous solution Benomyl is rapidly hydrolyzed to methyl benzimidazol- 

Z-yl Carbamate (M. B. C. ). 

The systemic fungicides including Benomyl have been recently 

reviewed (Marshp 1972). 



(2) Captan 

Active ingredient N-trichloromethylthio-4-cyclohexene-1,2 di- 

carboximide 507. W1W. 

Captan is used to control diseases of fruit and vegetable diseases, 

and as a seed treatmentv or drench against damping off. Its fungitoxic 

properties were discovered by Daines (1953). 

Captan has a broad spectrum of action, but is ineffective against 

rusts and powdery and downy mildews. Fungi differ in their sensitivity 

to the fungicide. McCallen et al (1954)t for example found the follow- 

ing order of sensitivity of spore germination : Monilinia > Altenarig> 

Neurospora > AspergilluS. The structural formula of Captan is :- 

11 
0 

The activity of Captan appears to be associated with the destruction of 

thiol groups in. the sensitive fungi. Lukens (1969) has reviewed the 

role of Captan as a fungicide. 

In soil Captan hydrolyses to non-toxic productsp and has an 

half life of 2-4 days (Burchfield, 1959). 

(3) Dicloran 

Active ingredient 29 6 Dichloro-4-nitroaniline 4% W/W. 



Dicloran is used primarily to control grey mould of lettuce caused 

by Botrytis cinerea. Other uses include the control of stem rot of 

tomatoes and "fire" in tulips. The fungicide was discovered during 

routine testing of aniline derivatives as herbicides. The marked 

action of the nitro-anilines on the germination of B. cinerea was 

observed. Weber. and Ogawa (1963) concluded that Dicloran interferes 

with protein synthesisp while Sharples (1961) found that at concentrations 

of 1 ppm it increased nucleic acid levels in Botrvtfs 

Recent work howeverv indicates that a considerable degree of resist- 

ance is shown by species of Botrytisland of RhizoDus to Dicloran and 

the other nitroanilines (Ogawa and Moore, 1968; Esurouso and Wood, 

1971). 

(4) Formalin 

Active ingredient Formaldehyde 37.5-40.5% W/V. 

. 
Formaldehyde is a colourless pungent gas which is very soluble in 

water. The solution of formalin may also contain up to 14% methyl 

alcohol to prevent polymerization to paraformaldehyde. Formaldehyde, 

HCHO., has long been used as a partial sterilant. Its first recorded 

use was by Loew in 1888, (Martin, 1973) as a disinfectant against 

fungi. Since then it has been used as a soil disinfectant against 

Ustilago horde: L on barley, and against SeDtoria a2jL on celery. 

Formaldehyde was reviewed by Byrde (1969). 

(5) Milcol 

Active ingredient - drazoxolon, C4-C2 chlorophenyl-hydrazone)-3 

methy-5-isoxatzolone. 

I 



The structural forraula is :- 

NH 

Milcol is effective against foliage diseases, and is used as a 

seed treatment against seedling blights. It is particularly effective 

against mildews. 

Quintozene 

Active ingredient - pentanitrochlorabenzene. Structural 

formula :- 

cl cl 
N 02 

Quintozene is used extensively in the soil to control plant diseases 

caused by Rhizoctonia solan . and by species of Botrvtis and of 

Sclerotinia. 

Quintozene has been found capable of reducing fungal growth rates 

and sporulationg but not spore gemination (Priest and Wood, 1961). 

The chlorinated nitrobenzenes are capable of affecting plant growth and 

have systemic activity against Fusarium wilt of tomato (Grossman, 

1958). 



The properties of Quintozene were reviewed by Corden (1969) and its 

effects on soil microflora were discussed by Dransfield (1956). 

(7) Týhiram 

Active ingredient - tetramethylthiuram disulphide. Structural 

formula :- 

CH 3 
IS, 
N-C 

CH 
3 

s CH3 
11 C-N 

\'CH 
3 

Thiram belongs to the dithiocarbamate group of fungicidesp which 

includes Ferbamp Nabam and Ziram. Tetramethyl thiuram, disulphide was 

already used in rubber processing before its fungicidal properties 

were recognised. The compound resembles a polysulphide in possessing 

a sulphur atom in excess of a monosulphide. It is a derivative of 

dithiocarbamic acid which has both insecticidal and fungicidal properties. 

Thiram is used to control flax seedling blight (caused by Colletotrichum 

liBL), as a seed dressing, and in the control of damping off in vegetables. 

(8) Triarimol 

Active ingredient - (2f 4- Dichloropenyl)- - phenyl-5- 

pyrimidineraethanol 47. W1W. 

Triarimol is a promising systemic fungicide which can control 

numerous diseases of fruit and vegetables including apple scab (Venturia 

inaequalis) and blackcurrent leaf spot (PseudoDezzLIL ribes). It is also 

effective against powdery mildews, and against wheat and barley rusts. 



The structure formula is :- 

OH 

Triarimol is ineffective against species of Pythium, Rhizoetonig, 

and Rotryti Houseworth, Brunton and Tweedy (1971) found that the 

fungicide did not effect respiratory pathways during the initial stages 

of spore germinationg but appeared to arrest germ.; tube elongation. 

The makers of Triarimol, Eli Lillyq state (technical report 12.70) 

that this fungicide has a low acute oral LD50 and that feeding studies 

produce no adverse effects to rats at 400 ppm. However, Triarimol 

has now been removed from the United States market on suspicion of being 

a carcinogen. The continued use of this fungicide in this country and 

elsewhere is under review. 

(9) Verdasan 

Active ingredient phenyl mercuryacetate. 2.5% W/W. 

Verdasan is an organomercurial used as a seed dressingp and in 

turf management. Phenyl mercury acetate has the following configuration - 
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00 
11 XX . 41.11 

HOý ýHg-O-C-CH - ýHd + O-C-CH 3 
'b K3 

The biological activity shown by this compound is due to the formation 

of ionic bonds between the phenylmercury acetate cation and certain 

anions present in living tissue, or by the formation of mercaptide with 

living tissue thus :- 

Hg 

0 
11 

0- C -CH 3+ 
RSH 

t! g -S-R 

HO 

I 
CH 3 COOH 

The properties and action of Verdasan and other organo-mercurials' 

have been reviewed by Martin (1973). 

THE FUNGICIDES USED 

A wide range of fungicides was used in this study ranging from a 

convential partial sterilantv formalin, to a modern systemic fungicide 

Benomyl. These fungicides are in common use at the present timev and 

together make up the bulk of those used in agriculturev forestry and 

horticulture. 

ýThe list includes representatives of various fungicide groups - 

Benomyl Modern Systemic 

Captan Heterocyclic Nitrogen Compound 

Dicloran Nitroaniline 

Formalin Partial Sterilant 



Milcol Modern Mildewicide 

Quintozene Nitrobenzene 

Thiram Dithiocarbamate 

Triarimol Modern Systauic 

Details of these fungicides are given in the Appendix (AI). 

PHYSICO-CHEMICAL PROPERTIES OF THE SOILS 

The following physical and chemical parameters were determined for 

both Sutton Bonington and Rothamsted soilsp prior to determining the 

effects of fungicides on their microbiology and biochemistry 

(1) Loss of weight on ignition 

(2) Total Organic Carbon (Walkley and Black's method) 

(3) Total Nitrogen (Kjeldahl method) 

(4) Water holding capacity 

(5) Soil pH 

Details of the methods used are given in Appendix B. 



APPENDIX B. 

METHODS USED TO DETERMINE THE PHYSICAL AND CHEMICAL PROPERTIES 

OF SOILS 
. 

Loss of weight on ignition 

2g of fresh soil were oven dried and ignited in weighed silica 

crucibles. The samples were charred at 25 0C for 2h before ignition 

at 5000C in a muffle furnace for 20 minutes . After cooling in a 

desiccator the samples were re-weighed and the percentage loss on 

ignition was calculated& 

(2) Determination of total Organic Carbon 

Total organic carbon was determined using Walkley and Black's 

rapid titration methodv outlined by Piper (1947). The procedure 

involved wet digestion of the sample with chromic and sulphuric 

acids. The chromic acid not reduced by the organic matter was then 

titrated with standard ferrous sulphate solution. A 0.25 g sample 

of 2 mm sieved air-dry soil was transferred to a 500 ml wide mouth 

conical flask. N potassium dichromate solution (10 ml) was added 

followed by 20 ml of concentrated sulphuric acid. The mixture 

was shaken and left for 30 minutes after which it was diluted with 

200 ml of distilled water. Phosphoric acid (10 ml of 85%) was then 

added using a safety pipette followed by diphenylamine indicator 

(l MI). Fresh N. ferrous sulphate solution stored under hydrogen 

was then run in from an automatic burette, The end point was reached 

when the purple colour "flashed" green. A further 1 ml of 

. 
dichromateýsolution was then added and ferrous sulphate solution was 
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added dropwise to establish an accurate end-point. The percentage 

carbon was calculated from the formula 

C. V. V, x 0.003 x 100 

w 

Where, V, Vol. of N. potassium dichomate (ml) 

v2 Vol. of N. ferrous sulphate (ml) 

W weight of sample in g. 

A blank titration using potassium dichromate was also carried out. 

The method gives about 76% recovery, so the figures were corrected 

by multiplying by 1.32 (Walkley and Black, 1934). 

(2) Determination of total nitrogen 

The technique used was the macro-Kjeldahl method outlined by 

Jackson (1958)p and modified by Williams (1973). 

5g of air-dry soil (4 2mm) was wrapped in a 12.5 em Whatman 

No. I filter paper and dropped into a clean 500 ml Kjeldahl flasko 

containing 20 g of sodium sulphate + catalyst mixture. The latter 

was prepared by thoroughly mixing 20 g of CuSO 4 5H 20 
(groundp and 

dried at 110 0C overnight) with 3g of HgO, and 1g of selenium 

powder. Concentrated H2 so 4 (35 ml) was then poured carefully into 

the Kjeldahl flask and the contents mixed thoroughly. Digestion 

was carried out on a Kjeldahl rack at first at low heat until frothing 

ceasedv and then more strongly until the sample was completely 

charred. The mixture was boiled until the organic matter was destroyed, 

followed by heating for 4-5 hours until the mixture was completely 

cleared. 



Deionized water (300 ml) was then added and the contents mixed 

thoroughly. Finally,, the supernatant was poured into a clean Kjeldahl 

flask prior to distillation. 

A few small pieces of porcelain (to prevent bumping) were added 

to the ammonium sulphate solution followed by several pieces of 

granulated zinc. 4% boric acid 25 ml was pipetted into a 250 mi 

conical flask and four drops of bromocresolgreen - methylred indicator 

solution were added. The receiver tube of the still was adjusted 

so that its end was just below the surface of the boric acid, and 

water was allowed to flow through the condenser. About 125 ml of 

NaOH (40%) containing Na 2S203 were carefully run into the Kjeldahl 

flask. The flask was then quickly attached to the still using a 

splashead and the contents were mixed thoroughly by swirling, 

The solution was gently heated until about 150 ml of the distillate 

were collected at a rate of 10 ml per minute. Finally the boric 

acid was titrated with standard HU when the blue colour just 

disappeared at the end point. A blank digestion using the same 

reagentst but without soil was also carried out. 

The percentage N content was calculated from the formula :- 

1.4 
5 

Where T sample titration in ml 

B blank titration in ml 

N normality of HU 

sample weight in g 



(3) Determination of soil pH 

Soil pH was determined using a2g sample of soil and a soil : water 

ratio of I: 2. The pH of the soil : water suspensibn was then 

determined using a Pye glass electrode pH meter (Pye/Unicam model 

292). Periodic calibration of the pH meter was made using phosphate 

buffers of pH 4 and pH 7. 

(4) Determination of water holding capacity 

Water holding capacity trays were used to determine this 

parameter. A filter paper was cut to fit the bottom of the tray 

and then wetted. Small amounts of sieved 2 mm) air dry soil 

was then placed into the tray and tapped down to achieve a loose, 

even distribution of soil. When the tray was full it was placed 

in a petri dish so that the perforated base was in contact with the 

water overnight. After weighing the tray+ soil was dried to constant 

weight in an oven at 105 0 C. On cooling in a desiccator the tray + 

soil was weighed and the percentage loss in weight was determined. 



Bl Soil Characteristics 

Characteristic Rothamsted-- Sutton, Bonington 

pH (Mean) 5.3 6.7 

pH (Range) 5.0-6.8 6.3-7.3 

Organic CM3.1 2.9 

Total NM0.27 0.22 

, B2 The Effect of Fungicides on Soil pH. 

Days Incubation 27 14 21 

Treatment, pg/g soil 

Control 6.3 6.4 6.5 6.5 
Verdasan 10 6.7* 7.2* 7.1* 6.7 
Verdasan 50 7.8* 8.2* 7.6* 8.1* 
Captan 50 6.5 6.5 6.8* 6.5 
Captan 250 6.3 6.6 6.8* 6.6 

-Thiram 50 6.2 6.5 6.8* 6.5 
Thiram 

, 
250 6.0* 6.6 6.9* 6.6 

Benomyl 50 6. 
,26.4 

6.8* 6.5 

ýBenomyl 250 6.2 6.6 6.7 6.4 

*Significant Difference from Control P>0.05 
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Cl List of Species Isolated from Sutton Bonington Soils 

Species isolated on cellulose agar. 

A6sidia glauca Hagen 

Arthrobotrys oligospora Fres, 

Aspergillus fumigatus Fres. 

Botryotrichum. piluliferum. Sacc. and March. 

Chaetomium angustum Chivers. 
C. globosum Kunze ex Fries. 

C. mollicellum Ames 

Doratomyces Sp-, 

Fusarium culmorum (W. G. Sm) Sacc. 

F. solani (Mart. ) Appel. et Vollenw. 

Gliocladium roseum Banier. 

Gliomastix murorum. (Corda) Hughes 

Humicola grisea Traaen. 

Mortierella Sp. 

Monillia brunnea Gilman and Abbot. 

M. geophila Oud. 

Mucor hiemalis Wehmer 

M. plumbeus Bon. 

Penicillium brevicomA,, pactum Dierckx 

P. citrinum Thom. 

P. expansum Link. 

P. nigricans 

P. rubrum. 

Stemphyllium bol-royosum Wallr, 

Trichoderma album Preuss. 

T. k6ningii Oud. 

Trichocladium asperum Harz. 

'Trichurus Sp. 

Verticillium Sp. 

V. Lateritium Berk. 

Zygorhynchus moelleri Will. 
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C3 The Effect of Cap tan On Numbers Of Heterotrophic 
5 

Bacteria in Soils (1 x 10 

Captan Conc. 
pg/g 

Days of Incubation 

027 14 21 28 

Control 157.5 160.0 165.0 137.6 145.1 207.0 

C5 157.5 245.1 182.0 134.0 142.1 202.0 

C25 157.5 142.5 257.4 155.0 156.0 170.0 

C50 157.5 207.5 205.0 365.5 210.0 150.2 

C100 157.5 305.0 355.6 312.6 360.2 397.5 

The Effect of Captan On Numbers of Fungi in Soils (1 x 10 4 

Days of Incubation ' 
Captan Conc. 
yg/g Soil 027 14 21 28 

Control 24.0 25.0 18.0 24.5 26.0 43.0 

C5 24.0 17.5 16.0 18.5 17.5 47.5 

C25 24.0 14.5 15.4 19.5 18.0 57.5 

C50 24.0 8.5 9.0 10.5 9.75 15.0 

cloo 24.0 3.5 3.0 4.5 7. o 9.5 



C4 The Effect of Captan on Numbers of Actinomycetes in Soil 

Conc. Captan Nos. Actinomycetes 

jug/g 
Soil 2 days After Treatment 

Control 

C5 

C25 

20.0 

19.0 

35.5 

C50 22.5 

cloo 6.5 

C5 Effect of Fungicides on Fungal Numbers in Field Soils 
(expressed as % of Control) 

Fungicide Time (Days) 

15 31 58 157 

Triarimol 51 145 120 165 60 

milcol 20 85 108 102 90 

Captan 40 83 112 80 78 

Dicloran 
ý20 

68 86 97 88 



C6 The Effect of Fungicides on Free Amino Acid-N Content of Soils 

(Expressed as % of Control) 

Fungicide Time (Days) 

(; Ig/g soil) 27 14 21 28 

Benomyl 50 72.5 61.5 119.5 121.0 201.5 

Benýmyl 250 49.4 50.1 62.5 59.7 38.9 

Thiram 50 68.5 62.0 105.8 58.5 57.5 

Thiram 250 98.0 50.0 100.0 124.8 144.7 

Verdasan 10 40.2 42.0 83.5 90.5 58.0 

Verdasan 50 61.9 88.0 60.0 54.6 13.5 



C7 The Effect of pH on Nitrification 

PH 
Time in Days 

7 14 21 35 

Limed Soil 9,3 8.4 9.0 8.9 9.8 

Unlimed Soil 7.1 7.3 6.9 7.5 7.0 

Nitrate-N 

, vg/g Soil 

Limed Soil 20.0 44.2 49.3 68.7 47.0 

Unlimed Soll 18.3 32.3 29.1 27.3 26.8 

C8 The Effect of Tem2erature On Nitrification 

Temp. OOC NO 3N ; ig/g SoLl 

0 6.5 

5 8.2 

10 8.1 

15 14.0 

25 20.1 

30 29,4. 

35 26.6 

40 9.55 

50 8.00 

60 5.95 



C9 The Effect Of Water Content On Nitrification 

W. H. C. NO 3N )ig/g soil 

0 
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CIO The Effect of Fungicides on Nitrification in the Field 

(yg NO 3- per g soil) 

Time-(Weeks) 

Fungicide 048 12 

Control 32.5 49.3 48.1 58.5 

Quintozene 30.0 31.5 43.0 45.2 

Thiram 28.5 40.5 36.5 38.0 

Formalin 23.2 28.1 31.5 30.5 

Dicloran 33.0 39.5 37.0 39.0 

Captan 30.5 32.4 39.0 36.5 



Cil The Effect of Fungicides on Ammonification 

(NH 
4+ -N yglg soil) 

Fungicide 
Time (Days) 

(, pg/g soil) 07 14 21 28 

Control 3.0 3.5 3.6 3.7 4. o 

Captan 250 5.0 35.1 47.5 65.6 61.5 

100 5.1 7.0 10.4 59.9 44.7 

50 3.0 27.1 25.0 20.0 7. o 

25 2.5 10.0 13.6 10.2 9.5 

10 2.5 2.6 2.5 6.9 6. o 

5 3.9 4.1 6.7 19.0 16.4 

Thiram 250 7. o 32.8 63.5 69.2 72.4 

100 5.0 25.6 45.9 68.9 64.5 

50 5. o 26.1 64.2 72.2 27.1 

25 4.0 9.8 9.7 23.2 23.0 

10 3.0 3.8 7.1 18.9 19.5 

5 4. o 8.0 9.5 11.6 14.0 

Verdasan 50 5.4 44.9 50.8 64.6 61.7 

25 6.5 25.5 48.1 73.9 71.0 

15 4. o 40.0 42.1 50.1 28.9 

10 5.1 45.6 42.5 43.5 37.8 

5 5. o 33.9 40.0 55.9 38.0 

1 3. o 7. o 6.0 5.9 5.8 

Means Four Replicates 

A 
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C12 The Effect of Fungicides on Nitrification 

(NO 
3- -Npg/g soil) 

Treatment Time (Days) 

jug/g soil 07 14 21 28 

Control 5.3 21.5 32.3 46.4 48.2 

C+N6.1 32.1 76.2 81.2 102.3 

Captan 250 3.0 4.6 11.6 16.5 17.3 

100 5.1 12.1 23.2 19.9 47.1 

50 10.1 16.8 34.4 39.9 52.1 

Control 7.0 21.2 38.5 54.2 75.3 

C+N 12.0 40.2 61.3 64.1 120.1 

Captan 25 10.0 26.2 41.9 44.2 70.3 

10 5.0 25.5 58.1 75.5 93.1 

5 13.1 44.2 66.8 70.1 132.3 

Control 12.2 23.6 24.1 24.2 23.6 

C+N 16.4 28.7 29.2 49.5 65.3 

Thiram 250 9.1 17.8 18.2 17.8 16.5 

100 10.0 205.21.1 18.4 30.8 

50 5. o 26.3 64.2 85.5 96.6 

Control 5.1 20.3 24.9 44.3 63.9 

C+N4.6 32.6 75.1 80.4 102.6 

Thiram 25 4.9 25.4 57.6 89.7 107.5 

10 10.0 36.8 40.3 68.2 96.4 

5 4.9 
. 
37.2 71.5 95.7 108.2 

Control 6. Q 10.0 23.4 38.6 46.4 

C+N 10.0 16.1 55.1 60.0.56.5 

Verdasan 50 6.4 2.9 6.4 6.3 10.6 

25 8. o 4.9 10.9 10.3 11.9 

15 6.9 11.9 14.2 6.1 8.2 

Control 7. o 23.2 30.1 40.0 65.2 

C+N 10.0 28.9 54.2 55.6 111.9 

Verdasan 10 5.0 8.2 8.9 10.9 13.2 

5 10.9 11.9 36.9 63.5 58.9 

1 10.0 16.1 55.1 60.0 56.5 



C13 Composition of the Locating Agends Used in the Determination 

of Soil Auxin 

Ammoniacal-Silver Nitrate Reagent 

Silver Nitrate 11 g 

Ammonium hydroxide 33 ml 

Distilled Water 67 ml 

(2) Erlich's Reagent 

4-dimethylaminobenzaldehyde 4 gms 

Ethanol (100%) 380 ml 

Hydrochloric Acid (SCR. -. 1.18)80 ml 

(3) Nitric-Nitrite Reagent 

Potassium nitrite &M 

Nitric Acid (Conc) 20 ml 

, 
Ethanol (95%) 80 ml 

(4) Salkowski's Reagent 

Perchloric Acid (5%) 100 ml 

Ferric Chloride (0.05M. ) 2 ml 
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