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ABSTROT.' 

study has been made of some of the biological effects of 

disulfoton, phorate, thionazin and menazon other than on pests. 

Phytotoxicity studies inoluded effects on growth of certain 

crops, notably wheat, field beans, and sugar beet. Thionazin was 

generally more phytotoxic than disulfoton and phorate which in turn 

were more pkytotoxic than menazon. 

Two bioassay techniques were developed to estimate insecticidal 

residues in soil, one using the aphid Rhopalosiphon insertum (\hiker) 

and the other using the Collembolan Falsomia cavicola (de Bouteville). 

The techniques were sensitive to about 0.3 p p m of active ingredients 

and 0.003 p p m active ingredients respectively in sandy soil, except 

for menazon which was relatively non toxic to the Collembolan. 

The shapes of the curves of loss of phorate, thionazin and menazon, 

estimated by bioassay were similar, although initially menazon 

disappeared more rapidly. The "half lives" of phorate, thionazin 

and menazon applied at 10 p p m in a sandy soil wore about 65, 4.5 

and 30 days respectively. The insecticides disappeared at a similar 

rate as at 10 p p m when applied at 50 p p m excepting menazon which 

initially disappeared more slowly. The initial rate of disappearance 

of thionazin was greatly slowed when applied at 250 p p 116 

In laboratory experiments a liquid fornulation of thionazin 

disappeared more rapidly than a granular one. In the field, rain also 

influenced the rate of disappearance. 

The numbers of Collembola =draftee were drastically reduced 



by phorate and thionazin even at 10 p p m which kept numbers below 

those of untreated plots for 18 and 24- months corresponding with the 

persistence of the chemicals in the soil. Menazon had relatively 

little effect on Collembola and mites. 

Leaf litter breakdown was little affected by any treatments 

and not related to Collembola or mite numbers. This may be because 

other organisms which were relatively little affected. by the insecticides 

were able to increase in numbers and take over the activity of Collembola 

and mites. 

The results are discussed in relation to other work on the persistence 

of organophosphorus systemic insecticides and to possible harmful 

side effects caused by such chemicals. It is concluded from the 

evidence that when the insecticides are used at normal rates for 

insect control in field crops that there would probably be no harmful 

side effects except from phorate, disulfoton and thionazin applied at 

really high conoontrations in the neighbourhood of germinating seeds. 



I+. 
ACKNOVLEDGEM3NTS.  

GratefUl acknowledgement is made to the Ministry of Agriculture, 

Fisheries and Food for providing the Studentship that enabled this 

work to be carried out. 

Thanks are due to Professor 0.W.Richards for granting facilities 

for the work to be done at the Imperial College Field Station, to 

Mr. M..J.Viay for his patient and helpful advice, guidance and critioimma 

during this investigation, and to Mr. G.J.S.Ross for his help with the 

statistical analysis. 

Thanks are due also to Cyanarid. of Get Britain for cortau 

equipment used during these studies, and to the A.R.C. for facilities 

provided under a grant for investigations into co-ordination of chemical 

and biological control of aphids. 



5. 

TABLE OF CONTENTS. 

aita. 

TITLE PAGE 	 

	

ABSTRCAT    2 

ACKNOMEDGEMENTS 	  4 

TABLE OF CONTENTS 	  

INTRODUCTION 	  7 
REVIEW OF LITERATURE 	  8 

Organochiorine insecticides 	 9 
Organophosphorus inseoticides 	 13 

MATERIALS AND METHODS 	  19 

Field experiments 	  19 

Soil sampling 	  23 

Bioassay using aphids 	  25 

Bioassay using Collembola 444444,4 . . 4 	 34 

Determination of leaf litter breakdown 	 38 

	

STUDIES ON DIRECT EFFECTS ON PLANT GROWTH   39 
Germination and growth of wheat 	 41 

Germination and growth of field beans 	 47 
Germination and growth of sugar beet 	 54 

PERSISTENCE !ND LONG TERM EFFECTS OF INSECTICIDES 	 61 

Effects on soil fauna     61 

Bioassay results to show persistence 	 65 

Effects of insecticides on leaf litter breakdown 	 72 

Factors affecting the persistence of insecticides 

in soil 	 74 



6, 

DISCUSSION 	  86 

SUMMARY 	  97 

REFERENCES 	 	  100 

APPENDIX 	  108 

Effect of insecticides an weed growth 	  121 



7• 

INTRODUCTION. 

The development of methods of integrated control necessitates 

careful study of side effects of insecticides used in such control 

measures. The use of soil applied systemic inseotioides for control 

of aphids on the aerial parts of the plant has certain desirable 

features :- notably that the insecticide, even if non specific, 

is unlikely to directly affect above ground beneficial species because 

it is primarily active against plrtophagus insects. Nevertheless. 

the developing practice of treating localised areas of soil with 

high concentrations of systemic insecticides is likely to affect 

beneficial soil organisms and also endanger development of crop 

seedlings if the insecticide is phytotoxic. 

The restrictions in the use of organochlorine insecticides due to 

persistence and undesirable side effects has encouraged the use of 

organophosphorus insecticides and it is important to appreciate any 

potential hazards that might arise from their continual use. 

The present work was done to determine some of these possible 

undesirable side effects in relation to persistence of certain well 

known systemic organophosphorus insecticides which can be used in soil. 



8. 
REVIEW OF LITERATURE. 

Soil pesticides have been studied and used for almost a hundred 

years since it was shown that carbon disulphide was effective for 

controlling Phylloxera on vines ih France. 

Gough (1945) comprehensively reviewed more than 200 compounds 

which had. been examined as soil insecticides up to 1940. His evidence 

showed that a few appeared to have some success at economic levels 

e.g. Mercurous chloride, Chloropicrin, methyl bromide and carbon 

disulphide. Subsequent to Gough's review came the development of the 

organoohlorine and organophosphorus insecticides and, nowadays, only 

a few compounds referred to by him, e.g. Chloropicrin and _nothyl bromide, 

are used in appreciable quantities. 

The synthetic organochlorine and organophosphorus insecticides 

have proved very successful for controlling many pests, and reviews 

by Lilly (1956), Reynolds (1958), and Lange (1959), indicate the extent 

of their success and potential. As soil insecticides these chemicals 

are used in two main ways. 

1. Against pests in the soil. 

(a) Seed dressings applied to the seed before sowing. 

(b) Broadcast applications subsequently ploughed or harrowed 

into the soil. 

(c) Band treatments in, beside, below or above the seed 

drill often in combination with artificial fertilizers. 

(d) Dipping treatments prior to planting out. 
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2. Systemic insecticides against pests on aerial parts of the plant. 

(a) Seed dressings. 

(b) Band treatments. 

(c) Dips. 

The Organochlorine Group. 

Uses. - This group of chemicals, the most important of which 

are DDT, gamma BHC, aldrin, dieldrin and heptachlor, had, an important 

effect on the world agricultural economy as a result of striking• 

successes against many pests. 

Pioneer studies by Jameson et al. (1947) demonstrated the use and value 

of seed treatments of gamma BHC for cereals against wirewcrm attack. 

As little as 2-12 ozs.gamma BHC per acre were needed to give protection 

to the crop. Lange et al. (194.9) showed that gamma BHC seed dressings 

killed 70-90% of wireworms in the vicinity of treated seed and. at the 

same time reduced the overall population by about 50%. Seed treatments 

are useful for temporary protection of the crop until it is large 

enough to withstand attack. They are now commonly used in Britain 

to protect the young developing plant from pests such as flea beetles 

(Phyllotreta sp .), onion fly (Delia antique Meig.), and wheat bulb 

fly (Leptohylemia coarotata Fall.). Jameson (1958) demonstrated that 

the control of turnip flea beetles resulted from contamination of the 

emerging cotyledon leaves with gamma BHC on the surface of the seed 

as well as by limited systemic action. 

More potent effects on wireworms are obtained. by using broadcast 

treatments of organochlorine insecticides, (Potter, Healy and Raw, 1958; 
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Raw and Potter, 1958). For instance broadcast treatments are needed 

to protect potatoes from autumn attack by wireworms, and a broadcast 

application of aldrin at 2i lbs./acre (3 lbs./acre for peaty soils) 

worked into the soil prior to planting is recommended. by the 11.A.F.F. 

Advisory Service (Anon., 1964). Soil treatments, as distinct from 

seed dressings, maybe used against other crop pests, for example, 

against carrot fly (Psilia =sae, Fab.) in Britain and against turnip 

root maggot (Hvlemya cilicrura, Pond), and onion fly in North America. 

Band treatments, whereby the soil insecticide is concentrated 

where it is most needed, may be used for wireworm oontrol e.g., 

Potter et al. (1956). 

Root dipping is an even more localised form of soil application 

and is important in the control of cabbage root fly (Anon. 1959). 

Persistence in soil. - Much experimental work has shown that 

organochlorine compounds may persist for many years in the soil. Thus 

Polivka (1960) showed that white grubs were still controlled by heptachlor 

residues of 0.21 - 0.144 lbs./acre 12 years after application. 

Lichtenstein and Polivka (1959) showed that i.-5% of heptachlor 

(hoptachlorepoxide) remained in soil 9 years after treatment, as shown 

by bioassay. Persistence of an insecticide in soil depends on soil 

type (Lichtenstein and Schulz, 1959) and other factors (Lichtenstein 

and Schulz, 1960). In Britain the persistence and accumulation of 

insecticides in soils have been studied by Wheatley and Hardman (1960) 

who showed that the "half life" of dieldrin was about 4 years in a 
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mineral soil and longer in a peat soil. Wheatley et al. (1960) showe& 

that residues of dieldrin in soil could be "topped up" to original 

levels by retreatment with appropriate quantities every few years, 

and so maintain adequate control of carrot fly. DDT appears to be more 

persistent in soil than dieldrin (Ldwacds 1963). "Wheatley e1 al. (1962) 

showed that soil from 2 out of 3 arable fields sampled in Britain 

contained DDT residues, ranging from 0.01 - 0.9ppm, and all fields 

treated with aDdrin contained dieldrin residues ranging from 0.01 - 

0.41 p p 116 

Paradoxically the characteristics which make the organoohlorine 

chemicals so effective and valuable against soil pests)  namely, their 

great potency against many insect species, combined with prolonged 

persistence in soil, have caused many problems and led to their 

restricted use in agriculture (Carson, 1963; Cook, 1964). Such problems 

include:- 

1. Toxicity or potential toxicity to warm blooded animals; 

including man, which is accentuated by uptake and persistence in plant 

and animal foods, and in water, follwed by concentration in food chains. 

Furthermore, the use of seed dressings which minimize persistence 

problems in soil, because the amounts used are so small, has nevertheless 

fallen into disrepute as a result of harmful effects on birds eating 

treated seed. Unfortunately doses of organochlorine insecticides 

which are too small to harm birds directly may get into and sterilize 

the eggs (Lochie and East, 1964). Uptake and persistence in plant 

and animal foodstuffs are a further hazard (Liohtenstein, 1960; 



12. 

Wheatley, 1965). Such prtblems may ultimately lead to a complete 

withdrawal of the use of aldrin, dieldrin and heptachlor as agricultural 

insecticides in Britain. 

2. Toxicity to beneficial insects. Beneficial predators are 

killed by unselective organochlorine chemicals (Fleming and Hawley, 1950) 

so that the balance of natural control is disturbed, especially when 

the insecticide begins to disappear and becomes only partially effective 

against the pest, whilst remaining toxic to its natural enemies 

(Coaker and Williams, 1962). Carabid predators of cabbage root fly eggs 

may be drastically reduced by dieldrin residues from broadcast treatments 

against carrot fly. Hughes, Salter and Mitchell, (1958) showed that 

this can greatly increase the numbers of cabbage root fly larvae 

attacking brassica plants. Organochlerine insecticides also harm 

other apparently beneficial insects that live in the soil, e.g., 

Collembola and earthworms (Satchell, 1955). Collembola were killed 

by aldrin, whereas DDT increased numbers; conversely, parasitic mites 

were killed by DDT and not affected by aldrin (Edwards, 1965). It is 

not known whether such effects on soil fauna, prolonged for many years 

by persistent residues, are likely to be detrimental to soil fertility. 

3. Taint and Phytotoxicity. The well known taint caused by 

gamma BHC has largely prevented its use as an insecticide in soil where 

root crops are grown, except as a seed dressing (Anon., 1960. As a 

seed dressing it maybe phytotoxic, but other organochlorine compounds 

are relatively tasteless and non-phytotoxic, e.g., high doses of 

dieldrin have caused off-flavour (not taint),(Stone et al., 1953; 

Uheatley et al., 1960; Dennis and Edwards, 1960. Phytotoxicity is not 
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usually a problem except with DDT treatments on Cururbitaceae (Stoker, 

1948; Dennis and. Edwards 1961). 

It should be mentioned that the organoohlorine compounds can 

apparently directly stimulate plant growth in some circumstances 

(Chapman and Allen, 1948; Hughes, 1960; Dennis and. Edwards, 1964). 

Problems in the use of organoohiorine ohemicals have stimulated 

a search for safer chemicals in agriculture, and organophosphorus 

compounds are now being intensively studied since they appear to be 

less harmfully persistent. 

The Organophosphorus Group. 

The following are, or are likely to be, among the most important 

soil applied organophosphorus inseoticides:- 

Used against pests in soil. 	Used as Aystemics.  

Diazinon. 	Phorate. 

Mecarbam 	Disulfoton. 

Phorate. 	Thionazin. 

Disulfoton. 	Nenazon. 

Thionazin. 	DimPthoate. 

Some of the above are at an early stage of development and, some 

of the possible undesirable side effects, e.g., effects on wildlife, 

are relatively less studied than with organoohlorine insecticides. It 

is known that they differ greatly in mammalian toxicity, e.g., phorate 

oral 1,D50 to rats arc 2 intr.s./kilo body weight. (Edson, 1960) whereas those 

of dimethoate and menazon is 200-24-0 mgms/kilo and 1400 mgms/kilo 
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respectively. Persistence is apparently less than that of the organo-

chlorine chemicals. In general they are more phytotoxcic than the 

organochlorine compounds (see page 16), so apart from menazon and trials 

with chlorfenvinfos against wheat bulb fly they are little used as seed 

dressings. The main method of application is band placement, broadcast 

applications being uneconomic because organophosphorus insecticides 

cost more at present than organochlorine preparations. 

Uses. - Diazinon is more effective against carrot fly when 

appropriately band-placed than when broadcast (Wright, 1965), and. in 

general, systemic organophosphorus compounds are most efficient when 

band placed (Burt et al., 1960). Diazinon and Disulfoton, Bayer 37a89 

and Mecarbam show considerable promise against wireworms, carrot fly, 

wheat bulb fly and cabbage root fly as alternatives to organochlorine 

insecticides (Pl. Path., 1965). 

No doubt they will be increasingly used against soil pests as will 

systemic organophosphorus insecticides against aerial pests - noteably 

aphids and other virus vectors. It is therefore particularly important 

that possible undesirable side effects should be determined in advance 

of such widespread use. 

Persistence. - 98% kill of Nacrosiphum,pisi (Harris) was obtained 

41 days after treatment with phorate as a soil drench at 18.75 micromols 

in 25 mls. H20 per 4. plants in a silt or clay loam, while in a muck 

soil the kill was 37%, (Getzin and Chapman, 1959). Work by Lichtenstein 

and Schulz, (1964) showed that 340 of applied malathion remained in 

soil 8 days after application, whilst with parathion it was 90 days 
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before the residue was decreased to this level. The "half life" of 

biological activity of phorate in a sandy loam was estimated by Way 

and Scopes (1965) to be about 22 months, and it took 18 months for 9/10ths 

of the active residue to disappear. Persistence of such organophosphorus 

insecticides in the soil is therefore much less than that of the 

organochlorine insecticides, though like the organochlorine chemicals 

their activity appears to be affected by soil type (Raw, 1965; Wright, 

1965), a light leil favouring high biological activity and persistence. 

Wright concluded that persistence of diazinon was not adequate for the 

fully effective control of cabbage root fly during autumn attack)  however 

S.D. 7859 (Shell) gave control of cabbage root fly on swedes from 

seeding until harvest. 

Toxicity to beneficial insects. 	Current data on the effects 

of organophosphorus insecticides on beroficial insects show that they 

may vary with the chemical. Raw (1965) for instance concluded that the 

effect of menazon on Onychiurid Collembola in soil could be detected 

for only two weeks after treatment. Way and Scopes (1965) also showed 

that broadcast treatments had relatively little effect on Collembola 

and mites whereas phorate or thionazin killed almost all of them. 

These drastic effects were reduced by the use of band treatments. 

Edwards (1965) investigated the side effects of a number of 

organophosphorus insecticides including parathion, diorama, disulfoton, 

thionazin4  and Sumithion. None affected soil animals to the extent 

that organochlorine compounds did. Collembola appeared to be the most 

sensitive group of animals, but larvae of Diptera and Coleoptera were 
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less susceptible to them than to the organochlorine chemicals. 

Parasitic mites, earthworms and Enchytraeid worms appeared to be 

unaffected. Raw (1965) using Bayer 38156, thionazin, and Suomithion 

at 1.5 lbs/acre failed to control wireworms and no significant effects 

on soil arthropods were detected; however pitfall traps colleted 1/5th 

as many' leather jackets in plots treated with Bayer 38156 as in the 

untreated control. Satchell (1955) discusses the high toxicity of 

rarathion to uprthworma in the-rield. Mmalon, in contract, appeared 

to have no harmful effects on earthworms when used at normal levels 

and only slight effects on cacoon formation at high levels (1,000 mgms 

yg, granules in 500 gms soil), (Raw, 1965). According to Way and Scopes 

(1965) high levels in the soil (250 p p m ) temporarily reduced earthworm 

activity. 

The systemic action of some organophosphorus insecticides in the 

plant may harm predators eating contaminated prey. Ripper et al. 

(1951) showed that adult Coccinelids (Coccinella septempunctata and 

Adalia bipunctata) fed and survived on moribund aphids from plants 

treated with schradan, and that larvae of Syrphids were usually 

unharmed. by contact action of the insecticide. Ahmed et al. (1954) 

however, found that larvae of 3 species of Syrphid were seriously 

affected when fed on dead aphids from cotton plants treated with 

schradan. Elliott (1965) showed that phorate acting systemically 

could affeot and kill Anth000rid eggs laid in treated plants. 

Phytotoxicity. - Although the organophosphorus insecticides 

are not so persistent as the organochlorine ones, they appear to be 
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more phytotoxic especially when used. as seed dressings. Reynolds et al. 

(1957) found that cotton, alfalfa and sugar beet plants showed some 

burn on leaf margins after seed treatment with phorate which was most 

pronounced at high rates; these treatments also decreased seedling size 

but differences were not detectable after 2-3 weeks, while Gifford et al., 

(1959) found that the sticker affected the phytotoxicity of phorate 

seed dressings to wheat. Seedling survival was reduced. by treatment 

with oils in combination with phorate. Various additives to the seed 

dressing such as activated carbon can reduce phytotoxicity (Ashdown 

and Cordner, 1952; Reynolds et al., 1957). Bardner, (1960) showed 

that an increase in the carbon to phorate ratio in a seed dressing 

decreased phytotoxicity, as did the use of other additives mach as 

carbowax polyvinyl acetate and carbon plus methyl cellulose.. 

Captan, incorporated with phorate seed dressings, reduced phytotoxicity 

to sugar beet (Allen et al., 1961). 

Phorate seed treatments have been widely used in the U.S.A. to 

control pests, and such treatments have resulted in reduced germination 

(Skoog, 1959; Kirk and. Wilson, 1960; Wilson et al., 1960). The benefits 

obtained by insect control far outweighed the adverse effects on growth 

(Wilson et al., 1960). It was also shown that the toxicity symptons 

increased the longer the time between date of seed dressing with phorate 

and sowing date. 

Pritchard and Beer, (194.9) found that parathion sprayed on plants 

occasionally caused leaf burn; however, in one test on 500 species of 

cactus and succulents no adverse effects were noted but Poinsettias 
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were susceptible to injury espeoially when young. 'fork by Dennis and 

Edwards, (1961) demonstrated the type of pbytotexic damage associated 

with organophosphorus insecticides. Plant symptoms included scorch 

and chlorosis of the leaf edge while more severe damage was characterised 

by distortion of the leaves. Malathion, diazinon and parathion were 

safe for general soil applications, but damage was caused by diazonon 

to Cineraria  sp 	and. by TEPP and demeton methyl to Cineraria  sp. 

and Coleus sp. 
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MATERIALS AND METHODS. 

Laboratory techniques specific to particular experiments will 

be discussed in the main text. 
• 

Chemicals and Formulation. 

The following systemic organophosphorus insecticides were used 

in glasshouse and field experimPnts:- 

Disulfoton (Baywood Chemicals) - 10% active ingredient on 

Fullers Earth granules. 

Menazon 	(Plant Protection Ltd) - 5% active ingredient on 

Fullers Earth granules. 

Phorate 	(Cyanamid of Great Britain Ltd) - 10% acive ingredient 

on Fullers Earth granules. 

Thionazin (Cyanamid of Great Britain Ltd) - 9% active ingredient on 

Attapulgite clay, also a 29% emulsifiable concentrate 

diluted with water. 

The granule size was between 20-60 mesh/inch. All the insecticides 

were stored in a refrigerator at about 00C to minimise loss of potency. 

Site and Design of Main Field Experiments. 

Three field experiments were done between 1963 and 1965 to study 

the persistence and. long term side effects of soil applied organophosphorus 

insecticides. Soil composition was similar for the three experiments, 

Details for the ono in 4 acre field in the Summer of 194 are as 

follows: 
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Mechanical analysis. 

Particle size. 	% of dry weight of 
mineral content. 

200 p. - 2 mm. 	 35.1 

50 to  - 200 u. 	 41.8 

20 ,u 50 u. 	 7.8 

2 p - 20}x. 	 7.3 

> 2 p. 	 8.o 

The pH was 6.1. 

The organic matter content (% carbon) = 4.0, but was no doubt 

much less at the beginning of the experiment because by 194. there 

was a vigorous growth of grasses, the roots and litter of which would 

have enhanced the carbon content. The soil was sandy and therefore 

likely to favour persistent toxicity (Getzin and Chapman, 1959). 

Different treatments wore applied in the two experiments excepting 

four treatments which were common to both. 

Experiment in 4 acre field 1 63-65. The experimental area was 

ploughed, rotivated and then divided into three parallel blocks 90' 

long by 10' wide lying across the shallow slope of the field. Each 

block was divided into 12 plots 10' long and 7'6" wide without paths. 

Headlands 14.' wide separated each block while the whole experimental 

area was bordered. by a 6' wide band of fallow soil. 

Three plots of menazon, phorate and thionazin treated with 10 p p 

50 p p m, and 250 p p m of active ingredient (1 p p m = 1.101./acre) 
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and three untreated plots were randomised in each block. 

Five soil samples one foot square and. 4. " deep were taken from 

the experimental area. They were air-dried at 350C in a grain dryer 

and weighed after three days, when the weight had become constant. 

Such dry weights were used to calculate the quantities of active 

ingredients in parts per million of dry weight of soil. The exact 

quantity of insecticide granules required for each plot was broadcast 

by hand. During this p7Joess, each plot was surrounded by a canvas 

screen to prevent drift into nearby plots. Each plot was then rotivated 

to a depth of 4P. Monogerm sugar beet seed (Beta vulgaris L.) was 

sown at the rate of five seeds placed at 9" intervals in rows 18" 

apart. During the first four months the land was regularly hoed to 

keep the weeds under control, and then the natural flora was allowed 

to grow. This was done partly because the sugar beet crop virtually 

failed, and also because populations of Oollembola and. mites were very 

low, especially because the soil was somewhat exhausted and probably 

poor in organic matter at the beginning of the experiment. The weed 

growth developed a grass sward after about one year. 

Experiment in Drive Field 1963-65. The design was similar to that 

of the experiment in acre field i.e., treatments replicated in 4. 

blocks of randomised plots. Plots were 8' x 8' separated by 2' wide 

paths and 5' headlands. Menazon was broadcast at 250- p p m and phorate 

at 10 and 250 p p m as in 4 acre field. The initial crop was field 

beans sown in rows 2' apart with plants approximately 6" apart. This 
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was followed by winter wheat and lettuce. 

These experiments were used mainly for studies on persistence 

of insecticides and on the effects on soil fauna. 

Experiment in glasshouse plots, Ashurst 1964-65. This experiment 

was done as one of several attempts to determine possible causes of loss 

of persistence, in this case the effects of cover crop and rainfall 

on the rate of loss of activity of thionazin in soil. 

The experimental design consisted of three replicated. plots of 

each of five treatments with one replicate of each randomised in each 

of three blocks. Plots were 7' x 8' and surrounded. by a 4. wide 

fallow path or headland. 

Treatments were as follows:- 

1.  Thionazin 10 p p m. Land fallow Rain excluded by 
polythene cover. 

2.  Thionazin 10 p p U6 Land fallow Exposed to rain. 

3.  Thionazin 10 p p m. Timothy grass 
cover crop. 

Exposed to rain. 

4.. No insecticide. Timothy grass 
cover crop. 

Exposed to rain. 

5. No insecticide. Land fallow. Exposed to rain. 

Thionazin (9% granules) was broadcast by hand at the rate of 

10 p p m (a.i.) and, as before, was rotivated to a depth of V. The 

quantity of insecticide used was calculated as already described. Plots 

from which rain was excluded were covered by a polythene "tent" without 

sides which was held 6" above the ground so that air could circulate 
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freely under the canopy. This kept the soil dry and prevented leaching. 

Timothy grass (Phleum pratense  L.) was sown in six plots as a 

cover crop, while the remaining plots and pathways were regularly hodd 

to keep them fallow. 

Sampling procedure. 

Soil samples were taken regularly fram the field experiments for 

two purposes:- 

a) To obtain data on the long term effects of the soil-applied 

insecticides on soil arthropod populations, notably Collembola. 

b) To estimate the insecticidal residues by bioassay. 

The sampling device was a graduated steel tubular corer one inch 

(2.54 ems) in diameter. Two-thirds of the side was cut away along 

the length of the shaft except for the bottom inch. This "cut away" 

minimized compression of the soil samples and enabled them to be 

removed easily. The cutting edge of the corer was kept sharp. 

Samples were always taken to a depth of V at random over the plot 

except for the margin 1'6" round the edge which was not sampled at 

any time. 

Treatment of Samples. 

Determination of Soil Arthropods,povulatians. Five cores were 

taken from each plot and put in a polythene bag. The soil arthropods 

were extracted by Tullgren funnels similar to those used by Edwards, 

(1962 ). Samples containing 5 4" x 1" cores were put in each basket 

of the apparatus. (Figure 1) A 25w light bulb was used to maintain a 
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temperature gradient falling from 30-35°C at the soil surface which 

drove the insects out of the soil into a 3" x 1" specimen tube containing 

2-3 mis. of 80% alcohol and 5,% glycerol mixture. Extraction was considered 

complete after 72 hours. Twenty samples could be dealt with simultaneously 

in this way. 

The insects were examined and counted in and collected from a 

6 cm. diameter crystallising dish using a binocular stereoscopic microscope. 

A wire grid was used to compartment the dish as an aid to examination. 

Bioassay of Soil Residues. Five soil cores from each plot were 

put into a polythene bag and stored in a deep freeze at -2000 until 

required. Samples from identioal replicates of the same treatments 

were sometimes mixed together and put into a single polythene bag. 

Bioassay Procedure. 

Two bioassay techniques were developed, one using aphids and the 

other using Collembola. 

Bioassay using an aphid as test species. 

This assay method, depending on the systemic action of the insecticide, 

was used to determine biologically active residues of menazon, phorate 

and thionazin, and could no doubt be used for any other systemic 

insecticide which is active against aphids. 

Rhopalosiphon insertum (Walker) reared on oats was used as the test 

insect. 5" diameter plastic pots each containing approximately 50 

oat seedlings (Avena sativa L.) at the one leaf stage were aproyed 

with a 0.1% water suspension of "Karathane" to minimise mildew infection. 
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They were then infested with 50 late larval instar apterous R, insertum 

per pot. The cultures were then kept in covered cages in a glasshouse, 

with a minimum temperature of 12.80C under natural daylight which was 

supplemented with tubular fluorescent artificial light during the 

winter months to give a day length of at least 16/24. hours. 

Aphids required for bioassay were removed ten days after the plants 

were infested. The plants were then thrown away, and under these 

conditions the culture remained consistently vigorous and did not 

decline from over-crowding. Karathane sprays were applied if mildew 

appeared. 

Second instar larvae were selected for the bioassay, in order 

to standardize the physiological age of the test insect, and also 

because such larvae did not become adult, and complicate the examinations 

by producing progeny in the 72 hour period during which the bioassay 

lasted. 

Preparation of Soil Samples. Standards comprising the test soil 

with known concentrations of insecticides were made up for each bioassay. 

For this purpose granular insecticides were broken down to a powder-

in a pestle and mortar to facilitate even distribution in the soil. A 

concentration -  of 10 p p m of active ingredient was then made up in 

3 kilos of air-dry soil 'by mixing insecticide and soil for 10/15 minutes 

in anKenwood"Food Mixer. The soil was lightly wetted before mixing 

in order to stop dust in the air. The machine was stopped 3 or 4 times 

during mixing in order to scrape the side and bottom where panning 
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sometimes occurred. Usually this soil wn.s then dilutod with untreated 

soil and mixed as before. This process was continued to give a range 

of concentrations such as, 10.00, 5.00, 2.50, 1.25, 0.63, 0.31 and 0.16 

p p m. The soil insecticide mixtures were then wetted until the soil 

developed a crumb structure. This known range of insecticide concentrations 

was then stored in a deep-freeze until needed for bioassays. 

The unknown soil samples were diluted with untreated soil if 

preliminary experiments showed that the residual concentrations were 

too high to give a suitable partial kill of the test insects. 

Testing Technique. Apparatus (Plate 1 opposite) were each made 

from a 9 cm p.v.c. petri dish bottom and two tops. Two tops with lips 
facing outwards were glued with "Durofix" and a 1" diameter hole was 

drilled through the centre. The inside surface of one lip was painted 

with polytetrafluorethylene (Fluon) to prevent insects climbing out. 

The standard and unknown soils were removed from the deep-freeze 

and allowed to thaw. 

10 gm of soil (standard or unknown or untreated control) was put 

in the bottom of each petri dish and three wheat seedling (Triticum 

aestivum 1.), previously grown in sand until the ooleoptile was 1 cm 

long, (L1. days at 2500 were put centrally on the soil and a further 

65 gm of soil was added. The lid consisting of the two glued petri 

dish tops was put on to the bottom fluon coated side uppermost, so 

that the seedlings grew through the hole in the centre. The apparatus 

was kept at 1 500 in an illuminated room for 72 hours. By then the seedlings 

had reached the 2-leaf stage and protruded 34. cm through the hole. 
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The hole was then sealed with fine sand and a known number (usually 12) 

of second instar R, insertum was placed on the group of seedlings 

in each apparatus. Treatments and the untreated control were each 

replicated in five apparatus. The apparatus were kept in a constant 

temperature room at 15°C with 16/.24 hours artificial light from the 

time of infestation to the completion of the assay. 

Dead and moribund aphids were distinguished from other living 

aphids and counted 24, 4.8, and 72 hours after infestation. Live aphids 

found off the plants during the 24 and 48 hour examinations were 

replaced on the plants. 

Dosage mortality curves were obtained with the range of known 

concentrations of insecticides and were analysed by the method of 

probits (Finney, 1952). Typical examples of probit lines obtained in 

this way are shown in figures 2,3, and 4.. From these probit lines it 

was possible to read off the doses of insecticide corresponding to 

the kill obtained in the unknowns, as shown in the figures 2 3 and 4.. 

In practice the estimate of concentration of the unknown was calculated 

from the formula:- 

Concentration = Antilog.10 Y - 5 	m. 

Tihere Y = corrected probit kill of the test insect. 

b = slope of regression line calculated from known 

concentrations of insecticide. 

m = LD50 calculated from the regression line. 



Figure 3. Aphid. bioassay (No. .3) using 'ph-Orate • to estimate 

residue in soil sample (taken on 15.8.63).. 
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Figure  3. Aphid bioassay (No.13) usingthionazinto estimate residue 

in soil sample (taken on 21.4.64). 
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Figure 4.  Aphid bioassay (No. 6) using menazon to estimate residue 

in sample (taken on 21./+.64). 



Menazon 

Bioassay No.6. 

50 

24 hrs. 
48 hrs 13- 
72 hrs 

0 

0 

1-0 	15 	2-0 
Concentration (log ppm x 10) 

3-0 

0.5 

.•• .......... ••• ...... •••••• 

6-0 

A 

32. 



33 

Two sources of error were evident when calculating the unknown 

concentration, firstly the error of position and slope that maybe 

found on the standard regression line and secondly the error in 

determining the kill of aphids caused by the unknown sample. An 

approximate estimate of standard error for an unknown (i.e., a percentage 

kill based on either 24., 4.8, or 72 hour counts) was calculated from 

the formula 

1 / 1- 	1 
bn v ov 	nitwo 

(see appendix table 9) 

'Mere b = slope of regression line calculated from known concentrations 

of insecticide. 

no  = numbers of insects from sample to give estimated ratio. 

n1 = number of insects tested at each known concentration. 

wo= weighting coefficient corresponding to no  or n1. 

x = log.10 concentration. 

dr= weighted mean of lo& 10 concentration. 

xx = estimates of weighted sums of squares of x. 

The arithmetic mean of the concentration estimates for 24 4.8, 

and 72 hours was considered to represent the best estimate of correct 

concentration, especially as the estimate of dose bore no obvious 

relationship to the time when kill was recorded. This will be dealt with 

further in the discussion. This bioassay technique was used. to estimate 

amounts of the insecticides at concentrations down to 0.3 p p min the soil. 

(x - 
3 



Bioassay using Collembola as test Insect. 

The possible value of Collembola for assaying residues of certain 

organophosphorus insecticides in soil was appreciated at the beginning 

of the main field experiment , where Collembola numbers were drastically 

reduced after soil treatment with phorato and thionazin. Preliminary 

experiments confirmed this and a simple but effective teohnique was 

then developed. This assay technique does tot depend on systemic 

properties but seemingly on direct toxicity to Collembola in the soil. 

It was valuable for phorate and th±onazin which could be estLmated in 

concentrations as low as 0.003 p p m active ingredient in sandy soil 

compared with 0.3 p p m for the aphid. bioassay. Menazon was not 

sufficiently toxic to Collembola to be assayed by this method. 

Rearing the Test Insect. The test specimen was Folsomia cavicola  

do Bouteville. The rearing technique used was similar to that described 

by Goto, (1961). The cultures were contained in 3 litre, wide mouth 

jars with a floor surface area of 75 sq. ems., a 2 cm. layer of Plaster 

of paris with activated charcoal (ratio 9:1) was put in the bottom 

of each jar. The charcoal was added to absorb noxious vapours and also 

because it provided an indication of the moisture content of the 

Plaster of Paris which was kept at, or near, saturation but not with 

excess surface water. The white or. pale eolourod ogga of F, cavicola  

could be easily seen against the dark background provided by the 

charcoal. 

10 F. cavicola were put in each jar and pellet yeast, 2 pellets 
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at a time, was added as required to prov1& food for the Collembola. 

The eggs wero removed every three days with a fine paint brush 

and put into 6 cm. diameter glass dishes, the bottoms of which were 

covered with 9:1 Plaster of Paris and charcoal to a depth'of 1 cm. 

10 adult Collembola were also put into each dish to feed on moulds 

which developed and therefore prevent contamination of the eggs. A 

piece of polythene was fixed over each dish to retain the moisture. 

The rearing temperature was 15°C with 16/24 hours of artificial light. 

The F. cavicola were collected and used for bioassay when they were 

in the second instar, i.e., six days after hatching. Eight concentrations 

of insecticide, (phorate or thionazin) in the soil were prepared in 

the range 0.1 - 0.001 p p m which gave a suitable partial kill of the 

test insect in sandy soil. 

The method of mixing was as described for the aphid bioassay, 

except that smaller quantities were required., so mixing was done in 

a mixing drum, consisting of a 500 gm. sealed jar with diagonal blades 

on the walls, which was held obliquely and slowly rotated. by an electric 

motor. 

The unknown soil samples were diluted with untreated soil if the 

residue of insecticide was too great to give a partial kill of the test 

insect. 

Bioassay Procedure. The assay was done in 3" x 	corked specimen 

tubes. A 2  cm. diameter gauze-covered hole in the cork allowed some 

air circulation within the tube. A layer of Plaster of Faris and 

charcoal was put on the bottom of each tube. Sufficient water was 
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added to form a film 2-3 mm. on the surface of the Master of Paris. 

10 gm, of the soil was loosely put into each tube. The soil at the 

bottom of the tube became saturated with water while the surface slowly 

dried out, thereby providing a moisture gradient from which the 

Collembola could choose the optimum humidity zone. Treatments and 

untreated control were each replicated in 5 tubes. 

Approximately 35 of the six day-old Collembola (F. cavicola) 

were put into each tube. The tubes were corked and put into a 250C 

constant temperature room, with 16/24 hours of artificial light. They 

were examined after twentyfour hours, this treatment period being 

chosen because control mortality developed after this time. The 

Collembola from each tube were washed with water into a sell dish 

where they floated to the surface. The water was stirred to bring 

up any that were caught on soil particles. 

Three categories, living, affected, and dead, were determined. 

The living insect moved coherently and did not show exceptional 

irritability. Affected insects showed irritability and were often 

unable to remain standing. More severe symptoms were a convulsive 

twitching of appendages or flexing of the abdomen which became feebler 

and more spasmodic as death approached. Insects showing mild symptons 

died even if removed from the treated soil and kept in a breeding jar. 

Insects were classed as dead when no movement was visible even when 

they were lightly stroked with a fine camel hair brush. 

Affected insects were included with dead when determining "kill". 
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The data obtained with the standard range of concentrations was analysed 

by the method of probits (Finney, 1952). Doses corresponding to the 

kills by the unknown residues were determined as for the aphid bioassay. 

The following series of experiments, with a range of doses of 

freshly mixed insecticide in soil was undertaken to obtain data on 

reproducability and sensitivity in relation to temperature and age 

of F. cavicola for the tests. 

1. Test using 5 week old Collembola (adults) treated at 1000 
with thionazin. 

10°C 

LD50 
	0.0311.p p m 0.011 

Chi. sq. 	1.75 

d.f. 

2. Test using 6 day old Collembola treated at 1500 and 250C 

with thionazin. 

15°C 25°C 

LD50 0.0066 + 0.0011 0.0030 + 0.0011 

Chi. sq. 58.85 9.57 

d.f. 4 4 

Test using 6 day old Collembola treated at 150C and 250C 

with phonate. 

15°C 25°C 

LD50 0.0090 	0.0010 0.0056 	0.0010 

Chi. sq. 16.63 36.54. 

d.f. 5 5 
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These indicated that the technique was sufficiently sensitive using 

6 day old Collembola at 25°C. 

Determination of Leaf Litter Breakdown. 

The effects of the organophosphorus insecticides on activity 

of certain organisms responsible for breakdown of organic matter in 

soil, were assessed by recording rate of breakdown of leaf discs in 

the treated soil (Edwards and Heath, 1963). 

611 x 	terylene envelopes were made from netting of 2 different 

mesh sizes, which allowed certain size fractions of the soil fauna to 

pass through. The following mesh sizes were used:- 

1. 7 mm. openings all micro-organisms, earthworms and 

invertebrates. 

2. 0.5 mm. openings - All micro-organisms, restricting larger 

arthropods and earthworms. 

The envelopes were stiched with nylon gossamer thread. 

1" diameter circular leaf discs were cut with a cork borer from 

beech leaves collected in Juno 1963. 10 such discs were put into each 

terylene envelope which was then stitched up. One envelope of each 

mesh size was buried in the central area, i.e., more than 18" from the 

edge of each plot about 3" deep. Four months later (October 1963) 

they were dug up. 

Observations were made on the amount and type of leaf breakdown. 

The leaves wore then dried to constant weight at 1050C. The yardstick 

against which weight loss of buried discs was compared, was obtained 

by using a random sample of 120 leaf discs collected at the same time 
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as the above, but dried and weighed immediately without being buried 

in the soil. 

STUDIES ON DIRECT 731T21,CTS ON PLANT GROW.H. 

These mere done to compare the effects of the soil applied systemic 

insecticides on germination and rate of plant growth. Uheat, field 

beans and sugar beet were taken as test crops since they represented 

types of crop likely to be treated with aphicides. The results enabled 

an assessment to be made of the dosage level of each chemical which 

could be safely applied in the field. Special attempts were also made 

to study critical doses which might enhance plant growth. 

Pot experiments using sand culture. 
. 	. 	. 	. 	. 	• . 

Those were undertaken to determine, as far as possible, the direct 

effects of the chemicals since sand, unlike clay and peat soil, does 

not tend to protect the plant from phytotoxic action of the insecticide 

(Getzin and Chapman, 1959). 

Granular formulations of disulfoton, menazon, phorate and thionazin 

were ground into a fine powder with a glass pestle and mortar. This 

was done to aid distribution when mixed. with the sand. Such pulverization 

may produce slightly higher initial toxicity but no significant effect 

on persistence (;Talker, 1963). 

The following concentrations in p p m were made in sand based 

on weight of active *ingredient to dry weight of sand. 

Disulfoton.' 

Phorate. 	3. 	9. 	27. 	81. 

Thionazin. 
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Thorough mixing was ensured by stirring in a "Xenwood" food mixer. 

Six wheat seeds (Avena sativa,L.) wore sown in separate 3" divmPter 

plastic pots. Batches of 5 Spring Tick field bean seeds (Vicia faba,L.) 

and 3 sugar boot seeds (Beta vulgaris, L.) wore sown together in 3i" 

diameter plastic pots containing the treated sand. All treatments 

were replicated in 3 pots. Controls consisted of 3 pots with untreated 

sand. 

As soon as the seeds were sown, each pot was watered to field 

capacity, as indicated by previous tests with the sand. Subsequent 

watering was done only when the surface sand in the pots was dry, and 

any excess water was collected in a basin under each pot nd poured 

back 8 hours later. Nutrient solution (Long Ashton formula No. 1.) 

was added to the irrigation water at every other watering. 

The experiment was done in March 1963 in a glasshouse kept at a 

minimum temperature of 12.8°C although on hot days temperatures up 

to 300C were attained. No artificial lighting was used to supplement 

daylight. 

Measurements and recording:- "Germination" was recorded by counting 

the numbers of seedlings showing above the sand after 6 and 12 days. 

Measurement of seedlingheight was done with a ruler graduated in 

centimetres, measuring from the sand level to the height of the tallest 

leaf. The lengths of cotyledons of sugar beet plants were also measured 

with a ruler. Observations were made on the symptoms of phytotoxicity. 

On the 25th. day the plants were dried in an oven (105°C) and. weighed. 
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Germination and growth of wheat:- Table 1 shows the 

numbers of emerged seedlings after six and twolvo.days. 

Table 1. Total numbers of wheat seedlings (out of 18) per 

treatment "germinated" six and twelve days after sowing. 

;p p m of 	.: Disulfoton.',  Phorate. 	:Thionazin. 	Menazon. 
i 	i Y 

i 

,active 	i 	6. 	12. 	• 	6. 	12. 	6. 	12, ! 	6. 	12. 	i t   
. 	. 	, . 	 , 	i 

ingredient. 	days 	days 	days 	days i days 	days . days 	days 
i • 	.....••.......•... aft • .......•,......1.  .,1.• .......* .s........aa • ••••••••••••••••:10•••••••• •••••••I•1 OM ••• ....... —.......••• ....., • .• ..• 1••• . 	.. 	•.....• ••••• —.*••• ...• 	• ...•••• 	•v••• 	•••• 	•• 

! 	 t 

	

0 	6 	18 	11 i  

	

18 ! 11 	18 	i 10 	18 , 

1 	

1 

OD 

	

3 	i 	7 	18 	i 	5 	18 i 13 	18 	— 
t 	 1 

9 
! 	

9 	18 	' 	4. 	18 	'5 	7 	18 	9 	18 
. 	i 

	

27 	10 	18 	8 	17 	4 	5 	. 	8 	lb , 
1 	 , 

	

81 	1 	2 	15 	6 	17 	i 	0 	0 	i 11 	18 

	

24.3 	- 	- 	- 	i 	- 	_ 	9 	18 

	

....... .• a... 	•.• 

The results show that menazon had little or no effect at all 

dosage levels. Disulfoton and phorate apparently retarded germination 

at a rate of 81 p p m whereas thionazin did so at 9 p p m. Germination 

was greatly reduced. by thionazin at rates of 27 and 81 p p m. 

Measurements of growth confirmed these effects. Tables 2, 3, and 4. 

show the heights of wheat plants 12, 18 and 24. days after sowing. It 

is apparent that menazon is the least phytotoxic chemical since it 

only affected growth at rates above about 81 p p m. There is some 

indication that a rate of 27 p p m of menazon stimulated growth, at 

any rate initially. 
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Table 2. Mean seedling heights in ams. twelve days after sowing. 

Untreated control mean of 72 replicates = 7.4. 

ppmof active 
ingredient. 

Disn3foton. Phorate. Thionazin. • Mcnazon. 

3 7.7 6.2 7.2 _ 

9 6.4 5.2 7.1 6.1 

27 4.6 4.0 0.2 8.o 
81 2.4. 3.6 0.0 5.7 

243 _ _ L.9 

Least significant differentco at 5; level = 1.27 ams. 

Table 3. Mean seedling heights in ems. eighteen days after sowing. 

Untreated control 	of 72 replicates = 16.7 ems. 

:p p m of active • Disulfoton. 
ingredient. 

	

3 	16.6 

	

9 	15.1 

	

27 	13.6 

	

81 	9.9 

243 

• 
Phorato. Thionazin. Menazon. 

17.0 

12.9 

11.8 

10.9 

15.5 

11.8 

3.4 

0.6 

15.1 

17.6 

15.0 

13.8 

Least significant difference at 50 level 2.05 cms. 



Plate 2 The effect of a) phorate 

b) thionazin 

on growth of wheat plants grown in sand twenty-two 

days after sowing. 

(for "Zinophos" read thionazin). 
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Figure 5.  Regressions of growth of wheat plan >: 	affected by 

thionazin, menazon, disulfoton and. phorate, 12, 18 and. 

24. days after treatment. 
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Table 4. Mean seedling heights inCms. twentyfour days after sowing. 

Untreated control, mean of 72 replicates = 28.1 cms. 

p p m of active 
ingredients 

Disulfoton aerate Thionazin 
_____ 

Menazon 

3 30.o 26.o 26.o 

9 24.8 24.4 20.6 26.2 

27.. 23.o 20.8 9.8 28.7 

81 17.8 21.3 1.5 26.0 

243 23.o 

Least significant difference at 5 level = 2.69 ems. 

Phorate and disulfoton affected growth similarly by decreasing it at 

rates abote 27 p p m (plate 2a) whereas thionazin began to decrease 

growth at about 9ppmand severely stunted the surviving plants 

at 27 p p m and above (plate 2b). There ip an indication of .'growth 

stimulation by disulfoton at .3 p p m. The heights of the plants were 

converted into the percentages of the height of the control. Regressions 

of percentage height against concentration at three times (12, 18, 24 

days after sowing) are given in Figure 5, and indicate that plants 

are able to recover sonewhat from initial stunting by disulfoton and 

phorate. The dry weights of the twentyfive days old plants, including 

roots, are shown in Table 5, 

This data provides no evidende that disulfoton or other insecticides 

can stimulate growth thlt the general trends follow the pattern previously 

shown by data on germination and length of plants. 



Plate 3 Burning of the coleoptile of wheat lith disulfoton at 

81 p p m twentyfive days after treatment, compared with 

untreated plants (on right) 
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Table 5. hban dry weight per wheat seedling (mgms.) and per centage 

of control dry weight 25 days after sowing. Weight of 

untreated control = 213 mgms. 

• 
p p m of 

active 

'ingredient. - 

Disulfoton. 

moan 	% of 
wt. 	control. 
(mgms) 

Phorate. 	Thionazin. 	Uenazon. 

i 
mean 	of 	 mean 	% of 	i mean 	% of 	, 
wt. 	control. .,̀: wt. 	control. i wt. 	control. 
(:rigins) 	(mgms) 	(mss)  

3 159 74.6 179 84.0 ' 165 77.4 

9 : 104 48.8 123 57.7 121 56.8 218 102.3 

27 70 32.9 91 42.7 50 23.5 148 69.5 	t  

81 46 21.6 77 36.2 13 6.1 125 58.7 

2)+3 - - ! 
4 
108 50.7 

Visible effects such as necrosis of loaves were slight with 

phorate and disulfoton which sometimes used a burn of the. coleoptile 

(plate 3), but this did. not appear ..to harm the plant in any other way. 

High concentrations of all insecticides caused some "die back" at the 

tip of mature leaves. Thionazin at 27 and 81 p pm caused a delay and 

inhibition in germination. Plants that showed "die back" at the leaf 

tip, and sometimes burning of the coleoptile, were twisted and distorted 

and in some instances grew horizontally. Ebnazon caused no effects 

except some loaf tip "die back" at 243 o p m. 

Germination and growth of field beans. 

Table 6 shows that none of the four insecticides significantly 

affected germination of field beans. 
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Table 6. Total numbers of field bean seedlings (out of 15) per 

treatment "germinated" six and twelve days after sowing. 

p p m of 	Disulfoton,: Phorate. : ThionrIzin. : Menazon. 

active 	i 6. 	12. : 6. 	12. i 6. 	12. 	6. 	12. 

ingredient: days days 
	days' days days days days 

3 	9 	15 	9 	15 1 14 	15 	- 	- 

	

9 	11 	15 	6 	15 i 8 	15 

	

27 	1 11 	15 	11 	15 	12 	15 

	

81 	l0 	15 6 15 11 15 

245 

9 15 

6 15 

i 10 15 

' 	11 1!, 

Plant heights were not measured though it was clear that thionazin 

suppressed growth at 27 and 81 p p m and to a lessor extent at 3 and. 

9 p p n (plate 4). 

The plants were dried at 105°C and weighed to constant weight, 

25 days after sowing the seed. 

This data (table 7), shows that thionazin decreases growth especially 

above 27 p p m while phorate and disulfoton are less, and menazon 

least harmful. 

Phorate (plate 5b), disulfoton and thionazin first caused necrotic 

lesions on the leaf margins of older leaves. The lesions later 

coelesced. An inner ring of necrotic lesions subsequently developed. 

Menazon, by contast, tended to cause lesions at random over the leaf 

(plate 5a), but only at very high concentrations. It is interesting that 



Plate 5.  The effects of a) menazon 

b) phorate 

applied at 10. p p m to soil, on field_ bean leaves 22 

days after sowing. 
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the lesions only occur on older leaves and their appearance seems to 

be associated with maturation, or the beginning of senescence. 

Table 7. Mean dry weight per field bean plant (mgms.) and 

percentage of untreated control dry weight. Mean weight 

of untreated control = 548 mgms. 

ippmof 	Disulfoton. 	Phorate. 	• Thionazin, 
	

Menazon. 

active 	mean /0 of 	mean o of Jaean ,7S of 	mean % of 
wt. 	control ut. 	control wt, 	controlfwt. 	control 

ingredient; (mgms).  	(mgms) 	'(mgms) 	qmg" 

3 427 77.9 

	

9 	325 59.3 

	

27 	34.8 	63.5 

81 329 60.0  

399 72.8 

381 
	

69.5 

319 	58.2 

284. 	51.8 

76.1 

65.7 	4.12 

47.8 
	

361 

39.4 283 

417 

360 

Ole 

75.2 

65.9 

51.6 

262 

216 

323 58.9 

The relationship between necrotic lesion and insecticide concentrations 

in the leaf was determined by using bean plants at the four leaf stage 

growing in 311  pots in sand. ai. known weight of Cu- labelled phorate 

was put in the root zone with a pipette so that the overall theoretical 

concentration was 100 p p m of dry weight of sand, though the localised 

concentration in the root zone was considerably higher. Ten days later, 

leaves were removed and photographed, and were then exposed to a 

10" x 8" radiographic plate for a week while kept in a deep freeze, 

the latter being necessary to prevent any abnornal movement of the 



Plate 6  (a radiograph). The effect of Cu- labelled phorate (100 

p p m in soil) on field bean leaves showing 

necrotic lesions. Radiograph showing high 

concentrations of labelled phorate 

corresponding to necrotic lesions. 

(Leaves from untreated plant middle bottom.) 



5 7  . 
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insecticide in the cut leaves. The plate was developed to show where 

the labelled phorate was concentrated. 

Plate 6 and associated radiograph show that the leaf lesions in 

the photograph directly correspond with the areas of high insecticide 

content as shown in the radiograph. In young leaves localised concentrations 

of insecticide are fewer and smaller as are the necrotic lesions 

(plate 6, middle right). It is possible that the localised accumulation 

causing such lesions initiates from damage to a single cell or small 

group of ce114;. This initial &Image night be triggered by some cell 

abnormality or because the cell is losing water rapidly, perhaps because 

it is associated with stomata. Transpiration would be enhanced by such 

initial aarage, insecticde would thus accumulate at the site and cause 

a circle of necrotic cells to form. 

Germination and growth of sugar beet:- Table 8 shows the 

numbers of sugar beet seedlings which germinated after six and twelve 

days. 

This data, based on too few seedlings, nevertheless show that 

disulfoton and phorate at 27 and 81 p p m, thionazin at 9, 27 and 81 

p p n6 and menazon at 24.3 p p m appeared to delay germination at the 

six day period. There appeared to be differences in plant size, 

especially in the length of cotyledons. The spread of the cotyledons 

was therefore measured eighteen days after sowing. 
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Table 8. Total numbers of sugar beet seedlings (out of 9) per 

treatment 1/germinated" six and twelve days after sowing. 

ppmof 

active 

ingredient. 

Disulfoton.: Phorate. 	. Thionazin.: 

6. 	12. 	, 6. 	12. 	6. 	12. 

	

days 	days 	days 	days 	days 

Menazon. 

6. 	12. 

days 	days 

0 	. 6 9 8 9 6 9 9 9 

3 7 9 ; 7 9 9 9 

9 9 9 6 9 5 9 9 9 

27 4. 9. 2 9 	• 2 9 8 9 

81 5 9 3 tr , 1 8 .  8 9 

243 6 8 

Table 9. Mean spread of cotyledons (ems.) of sugar beet eighteen 

days after sowing. Untreated controlsmean of 36 replicates 

= 2.5 ems. 

...... i 	! 	
- 	, 

p m of active Disulfoton, •• Phorate. 	Thionazin. 	Menazon. 	i 

ingredient. 

i 
i 	3 

9 

27 

81 

243 

! ams. 

2.1 

;1.8 

1 1.5 

	

% of 	ems. 
control' 

	

84 	; 2.6 

i 	ej 

	

72 	2 .3,... 

	

64. 	1 2.1 

	

60 	1.6 

	

- 	- 

% of 
control 

10l. 

92 1.4 
84. 

64 

- 

ens. 

2.0 

:1.2 

y0.8 
, 	_ 

	

% of 	: ems. 	5 of 
control l 	control 

! 

	

80 	- 	- 

	

56 	! 2.3 	92 

	

48 	 2.1 	84 

	

32 	f  !2.1 	84 
f 

- 	1.5' 	bo 

Least significant difference at 5% level = 0.4 eme. 
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Visible symptoms of damage, other thcm tho above effects:  included 

slight twisting and convolution of the cotyledons by thionazin and also 

to a lesser extent by phorate and disulfoton. It is apparent:that.  

menazon is the least phytotoxic chemical to sugar beet since it 

significantly inhibited germination and growth only at 2L4.3 p p  m. 

Phorate and disulfoton affected growth similarly by decreasing it at 

rates above 9-27 p p m, though disulfoton appears slightly more toxic. 

Thionazin began to inhP-it growth at less than 9 p p in, and treated 

plants with 81 p p m were only a half the size of plants similarly 

treated with phorate or disulfoton. It appears that the length of 

cotyledon gives a good indication of the effect of these insecticides. 

Sugar beet was therefore chosen as the plant on which to determine 

the effects of the insecticides when used in soil rather than sand. 

Pot experiment with sugar beet using field soil. The soil used 

was taken from the area of the field of the main field experiment 

(mechanical analysis P^ 20). Phorate and thionazin were tested at 

concentrations of 5, 25 and 125 p p m active ingredient based on the dry 

weight of the soil. Disulfoton was not used because its effects appear 

to be similar to those of phorate. The damp field soil of known water 

content was sieved (5 mesh/inch) to remove large stones. It was then 

mixed. for thirty minutes, with a spade, with appropriate' amounts of 

insecticide, previously diluted in 100 gads. sand. For controls, untreated 

soil was nixed with sand only. Lbout 900 ems. of soil were put into 

each cf the fifty5ix 5" .plastic _pots, eight pots per treatment and 8 of 

untreated soil. Ten seeds were sown in each pot making a total of eighty 
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seeds per treatment. The pots were stood at random on sand, and watered 

by capillary irrigation from a water table 2i" below the base of the 

pots. This was done because top watering caused panning of the soil. 

The experiment was done in larch 1965 in a glasshouse without artificial 

illumination and at a minimum temperature of 12.8°C. 

Germination was recorded after six days by counting the numbers 

of emerged seedlings. Growth measurements of cotyledon expansion 

(length from tip to tip of flattened cotyledons) were made at about 

the time of appearance of the first true leaves (fourteen days after 

sowing the seed). Germination appeared to be similarly affected by the 

two insecticides. (Table 10). 

Table 10. Total numbers and percentage of control of sugar beet 

seedlings (out of 80) per treatment "germinated" six 

and twelve days after sowing. 

;p p m of 	Phorate. 	Thionazin. 
t 	• 	• 

1 ;active 	
! 6 days 	12 days 	! 6 days 	12 days 

 Cl of 	! to 	% of 
1ingredient. ' Nos. 	control. Nos. '. Nos. 	control. Nos. .-.  
. 

1 

7 
i 

i1 

0 

5 

25 

125 

; 

i 

! 

i 

58 

44 

38 

23 

75 

64 

39 

49 

42 

36 

22 

' 
, 

. 
i 
. 
; 

60 

35 

33 

17 

59 

56 

29 

58 

27 

33 	1 
I 
i 

18 	f 

Least significant difference (6 days) at 55 level = 13.1. 



Plate 7.  The effects of phorate and thicinazin on growth of sugar 

beet plants grovzn in pots in field soil 25 days after 

sowing, 
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The "germination" after twelve days was not so high because "damping 

off" killed some seedlings. The results of this test agree with—the 

six day "germination" count in sand (table 8); however "damping off" 

complicated comparison between results. The effect of 	eLloals on 

mean spread of cotyledons are shorn in table 11, 

Table 11. Mean spread of cotyledon:, (ome.),least significant 

differences (l.s.d.), at 50 level and per cent of control 

length as affected by phorate and thionazin twelve 

days after sowing. 

p p m of 	Phorate. 	Thionazin. 

	

!active 	.Mean 
:cotyledon 

	

ingredient,length. 	1.s.a, 

	

0 	4.0 
i 	) 	0.15 

	

5 	3.8 

	

) 	0.19 
25 86 3.3 

) 	0.25 

	

125 	2.0 
, 	......_ 

fr6 of 

99 

52 

!Mean 
'cotyledon 
length. 

3.7
) 

3.9 
) 

3.1 
) 	• 

2.2 

0.22 

0.27 

0.35 

c2 
control 

102 

81 

78 

The differences between the two insecticides was small (plate 7). The 

effect of thionazin on cotyledon length was more pronounced in sand than 

soil (table 9) as might be expected, whereas surprisingly the inhibition 

by phorate was similar. 

Effects of the insecticides other than on growth were slight. 

Thionanzin caused a slight leaf tip scorch at 25 and 125 p p m and also 

a slight twisting and convolution of the cotyledons of twelve day old 

seedlings. Effects of phorate were limited to convolution of the cotyledons. 
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Germination of sugar beet in 4. acre field. 

Table 12. Mean numbers per plot and percentage of "control" 

sugar beet seedlings "germinating" sixteen days after 

sowing. 

p p m of 	Untreated Phonate 	Thionazin. 	Menazon 

.active 	Plot 	: Plot 	of 	Plot A of 

ingredient., Mean. 	' Mean. control. Mean. control Mean. control.; 

0 82.7 

10 57.3 69.2 ! 60.3 72.9 90.0 108.8 

50 32.3 39.1 18.3 22.1 71.3 86.2 

250 6.7 8.1 3.3 4.0 .7.0 119.7 

Least significant difference at 50 level = 30.8. 

Sugar beet (TN 58/240) was sown on 7,5.63 in the field experiment 

described on page 13. The soil was as used in the pot experiment. 

325 monogerm seeds per plot were sown and table 12 shows mean results 

of germination of seedlings per plot, when emergence was complete 

sixteen days after sowing. Germination was very poor, possibly due 

to dry weather for about 10 days after sowing. The data (table 12) 

confirms however that menazon is relatively non phytotoxic even at 

250 p p m whereas thionazin tends to be more phytotoxic than is phorate. 

It is interesting that the high rates of phorate, thionazin and 

also menazon affected weed germination and growth (see appendix page ). 
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Field experiments to determine persistence and long term effects 
••••••••••••••. 	 •••••••,. 

of insecticide treatments on certain soil fauna. 

The design of this experiment is detailed on pages 	and 	and 

data were obtained from it fol. 2 years following treatment. 

Effects of insecticide teeatments on soil fauna:- 

In this study counts of soil animals were made primarily as a 

means of indicating the rate of disappearance of insecticides that 

affect such organisms, though it was realized that failure of a species 

to return to the level before treatment may well be caused by delay 

in immigration to the treated areas or to slow recovery in competition 

with species which may have replaced it. This information is therefore 

specially useful when considered in combination with dat, on persistence 

obtained by bioassay or chemical means. 

Collembola were chosen as the indicator species because they were 

relatively abundant in soil and can be extracted fairly successfully with 

Tullgren funnels. 97% of the Collembola were of one species Tullbergia  

krausbaueri (Bonner), while the next most important were Isotomurus 

palustris (Muller) and Onychiurus sp 

Mites were also counted but numbers varied considerably from 

sample to sample so they were not a reliable indicator cpeoies. 

Unfortunately the number of Tullgren funnels available was not adequate 

to overcome the large variation between samples. 

The periodic records of Collembola per sample (4.0.5 cu. mid.) in 

each set of treated plots is given in the appendix (tabies 1, 5& 5). 

It can be seen that numbers varied between sampling dates, so they were 



Figure 6.  The effects of phorate, thionazin and mena.zon used at 

a) 10 p p m 

b) 250 p p m 

in soil, on Collembola populations in the main field 

experiment. 
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calculated as pextsentages of those in the untreated plots (figure 6). 

Figure 6 shows that Co1lembola populations had. recovered about 22 

months after application of menazon at 10 p p m whereas at 250 p p m 

Collembola populatixns were =oh clonressea fer nearl.z 12 years. after 

which they rose in about 5 mcr±hr-  to the level of thece in untreated 

plots. Phonate .?.hd 	layri more 	r,2tect:., 	man-17,0n. 

Collembola in plots '.seated. with phorat--;. at 10 p 1. m flueua-uef, 1.21 

numbers tending to rise ln the autv.mn relat!Ne to those 77.0 the untrerted 

plots and then fell during winter. Numbers of Collembola api7oximated 

to those in the untreated plots after about *years for 10 p p m 

phorate treated plots and perhap- a little longer for 10 p p m thionazin 

treatments. Numbers were still low after two years in pa-Ls treated 

with these chemicals at 250 n r m, amounting to about 31* of those 

in untreated for phorate, &nd 20 for thiomavir, 

The Collembola counts surest that pe.oulptions 3r 250 -j? 7 m 

treated plots had reached levels after two years comparable to those in 

plots freshly treated with 10 7? p 71 dosage 107;:la- This sugg-nt- that 

the levels of insecticide ir. 250 p m plots approximated to 10 p p 

after 2 years, This wnl be E13.01,.3Rc3. furt,!,or ir velaticr. -co 

bioassay studies on Inge 92 

Nitep, 	,learr_., end veriab7P 	mimberp 	tablol 2, 4. 

& 6), B/i1ked date for each riy 	perioa 5,7 given in table 13, 

and indicate:  that, as 77 .th (3o1lepiho1a :nonazon at 10 p p in had ::omparatively 

little effect in contrat to that of phorate and thi,-,.1z4n, 
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Table 13. Mean numbers of mites(per 40.5 ou. cms.)for six month 

pepiod6 starting May 1963 and 	c::nt of untreated 

control numbers in phorate, thionazin and menazon 

:plot . 

...m.••••••mol.wrilig10.041•010•••• 

Wmonth illo. of 	I Control 	110 r p m 	250 p p m 

	

periods. samplings.' No .per 	tNos. per 	% ofRio;., per 	1% of 
1 

40.5 ou.cms.140.5 cu. cms. control 4.0.5 cu.cms.1 control. 

Phorate 

1st. 7 1.0 0.5 46 

2nd. 2 1.9 0.4. 21 

3rd. 3 5.0 2.7 54 

4th. 5 3.6 

Thionazin 

1st. 6 1.3 0,J. 31 

2nd. 2 3.0 0.9 30 

3rd. 3 4.6 1.2 26 

4th. 5 3.3 2.8 85 

Menazon 

1st. 5 1.3 1.0 77 

2nd. 1 2.8 2.0 	71 

3rd. 1 4.7 3.7 	79 

4th. 4 4.4 	3.8 	86 

0.3 

0.3 

1.5 

0,7 

33 

16 

10 

19 

o,3 23 
0.0 0 
0.1 2 

0.4 12 

0,2 15 
1,6 57 

1.5 34. 

3.8 86 

1 

01. 10..41.1101.011m.•••••••• 
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After two years, populations in plots treated with phorate and 

thionazin at 250 p u m were, still about 80-900 	than those in 

control plots. By this time populations appeared to have recovered 

in plots treatod 	ra-rinzo:: at 250 1) p r,:„ The effects of the different 

insecticides on mites tterefo....e ficem to be slaila to their effeots on 

Collembola, though unlike Cc:Ili:tombola, nite populations appeared to recover 

sooner in 10 p p m thionasin treated plots than in similar phorate 

treatments. 

Results of bioalagys to determiE.epiatenee of insecticide  

residues. 

Aphid bioassay results on to, persistence of phorate, thionazin 

and menazon applied to the soil at 10 p p m on 7th. May 163 in the main 

field experiment are shown in the appendix table 9 and in figures 7 

and 8. Appendix table 7 gives details of kills by known concentrations 

of each insecticide and table ° details of urdbit analyzes. Appendix 

table 9 shows the estimated p p m (insecticide equivalents) of insecticide 

residues in soil samples collected at intervals after treatment. The 

data show separate estimates bawled on 2.14. 	art() 72 hour 'Ails, It 

can be seen that they do not follow a ayeLomat:13 rattern and so bIle 

means, also gi7an in table 9 2 were used as being probab1y one best 

estimate of concentration. The rate of disappearance of each chemical 

based on these mean figures  is shcwn in fig ur.0 

Some results with menazenand phora.ce'inaimatod residues- much hi3her than 

10.ppmand are given in the appendix (table 9) but not in figure 7. 

The dlsorepanoies occurred neon after application but were not consistent. 



Figure 7. The rate of loss of a) phorate 

b) thionazin 

c) menazon 

originally applied to soil at 10 p p m in the main field 

experiment on 7.5.63, as shown by aphid bioassays. 

(Drawn by eye) 
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Figure 7 shows that initially the insecticides were disappearing 

relatively quickly, but consequently the curves flattened out. For 

the period immediately after the application of the insecticide. The 

nhalf life" of phorate was about 65 days, thionazin 45 days, and menazon 

about 30 days. Attempts were made to transform the curves to straight : 

lines so that they could be compared statisti;ally. Figure 5a shows 

the time axis (y) plotted on a logarithmic scale. The data for phorate 

and thionazin fit straight lines and confirm that their rates of loss 

are similar. By contrast figure 5b shows that, the menazon did not 

fit a straight line. However this is obtained for menazon by plotting 

both (x and y) axes on logarithmic scales (figure 8c), but in these 

circumstances the phorato data did not appear to represent a straight 

line. The line for phorate (figure 8c) was tested for linearity using 

the 24, 4.8 and 72 hour estimates as replicates though they were not 

in fact true replicates. This test confirmed that at the 5% level 

the line should not be drawn as straight. This in itself does not prove 

that the initial rate of loss of phorate was different from that of menazon, 

as heterOgeneity may have influenced the result and in order to confirm 

conclusively the more rapid loss of menazon from the soil more frequent 

soil samples would need to be taken and analysed during the first month 

of the experiment. After about 300 days the slopes of all insecticide 

curves appeared similar indicating similar rates of disappearance 

of the remaining 10% of the chemicals. 

The sensitivity of the aphid bioassay was inadequate for determining 

residues below about 0.3 p p m 'and so for-phorate and-thionazin, samples 
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Figure .8 ....The. rate of loss of a) phorate and •thionazin (time . scale) 

   

b) phorate and menazon (time log. scale) .• 	• 

) phorate and menazon (time and 

concentration in log. scale) 

-in the,mainffieDiexperiment. 	
• 

(Drawn by eye).  
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Figure 9. The rate of loss of a) phorate 

b) thionazin 

c) menazon 

originally applied to soil at 50 p p m in the main field 

experiment do 7.5.63, as shown by aphid bioassays. 

(Drawn by eye) 
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of soil were taken 760 days after treatment at 10 p p m and bioassgyed 

using Collembola as the test insect (pages 34.-38 ). Appendix tables 

12.-and 13 show the details of probit regression analyses using standard 

concentrations of insecticide against F. cavicola  and their estimates 

of error. The means of the three separate estimates were 0.11 p p m 

for phorate and 0.02 p p m for thionazin. The results therefore indicate 

that at this time thionazin was disappearing more rapidly than phorate 

though this was not conclusive from the aphid. bioassays. 

Studies using aphid bioassays were also made on the rates of loss 

of;  the insecticides originally applied at 50 p p m. Details are given 

in Appendix table 9 6 

Figure 9 shows the percentage' loss of biological activity of 

phorate, thionazin and menazon at intervals after the application of 

50 p p m made on 7th. May 1963. Figure 10 compares the curves for the 

rate of loss of 50 p p m with 10 p p m of the insecticides. Fhorate and 

thionazin originally applied at 50 p p m disappeared at about the same 

proportionate rate as when applied at 10 p p 114 Merman, however, 

disappeared relatively more slowly in the initial stages (figure 100). 

The rate of loss of thionazin applied at 250 p p m to soil on 

7th. May 1963 was also studied and details are shown in appendix 

table 9 and table 14.. 

This suggests that the initial rate of disappearance of thionazin 

from a concentration of 250 p p m in soil was proportionately much 

slower than from a concentration of 50 p p m though sasequently 

the rate of didappedrance increased'and seemed to become similar to 

that of loWer concenti;atieh: 



Figure 10, Comparison of relative rates of loss of a) _phorate 

b) thionazin 

c) menazon 

applied., to soil at 10 and 50 p p m in the main field 

experiment _on 7.5.63, as shown by aphid bioassays. 

(Drawn. by eye) 



1963 1965 1964 
0 

Menazon 10 ppm. — 
SO ppm. .... 

50 

0 
MJ J A SON DJ FMAMJJ A SONDJ FMAMJ 

1963 	1964 	1965 

I00 

c 50 

6- 
"6 

0 or 

er 100 rt. 

100 

50 

1963 
	

1964 
	

1965 

Thionaz in 10 ppm.- 
50 ppm.-••••••••• 

.... • .......... 

p 	, 	2Q0 	400 	6Q0 , 800, 
Time after Treatment (MONTHS and DAYS) 

71 . 



Table 114.. Estimated concentrations and percontage of original, 

of thionazin applied to soil at 250 p p m on 7th. 

May 1963. 

Date 

-- 

Days after 

treatment. 

Concentration. % of 

original. 

245. 215.7 86. 

21.4.64. 350. 61.8. 61.3x. 25. 25x. 

23.7.64 445- 39.4 16. 

16.2.65. 645. 6,o 2. 

z Results from two bioassays. 

The estimate of thionazin concentration about 645 days after treatment 

at 250 p p m was 6.0 p p m. It is interesting that the numbers of 

Collembola, 700 days after treatment were similar to those which occurred 

in plots freshly treated with thionazin at 10 p p m (figure 6a). 

The bioassay result indicating 6 p p m thus approximates to the 10 

p p m concentration which might be expected from the data on Collembola 

populations. 

Effect of Insecticides on Leaf litter Breakdown. 

The drastic effects of the main experiment treatments on Collembola 

and mites and the evidence that the insecticides persisted for relatively 

for periods suggested that the breakdown of organic matter of the 

type which depends on the activity of soil fauna would be greatly 

slowed. 

A preliminary study of the rate of breakdown of beech leaf litter 
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was therefore made in plots of the main experiment. 

On 11th. June 1963, beech leaf discs 20 per plot (10 per treatment) 

were buried 3" deep in the soil in terylene gauze envelopes of two 

different mesh sizes, (7 mm. and 0.5 mm. mesh holes). They were dug 

up 4. months later, dried at 1050C and weighed to constant weight. 

The dry weights of leaf discs are shown in table 15 in relation to 

proportional numbers of Collembola (from figure 6) and estimated 

insecticide concentrations on 11th. October 1963, (i.e. after 4. months) 

(figures 7 & 9). 

Table 15. Dry weights of 30 leaf discs (mgms.) related to Collembola 

numbers (% of control) and estimates of insecticide 

residues at the end of the experiment. 

i 
Course 

7 mm. 

Fine 

0.5 mm. 
; 

! 

Mean. 1Collembola 

I% of control. 

Estimate of 

insecticide 

residue. 

Untreated 0.44 0.42 0.43 100 

Thionazin 10 p p m. 0.53 0.51 0.52 35 3.5 

50 p p nu 0.48 0.34 0.41 - 1.0 

250 p p m. 0.54 0.62 0.58 25 - 

Phorate 	10 p p M. 0,49 0.53 0.51 65 2.0 

50 p p m. 0.51 0.58 0.55 - 13.0 

250 p p m. 0.41 0.50 0.46 15 . 

Menazon 	10 p p in. 0.39 0.4.2 0.41 70 1.0 

50 p p mi. 0.4.8 0.52 0.50 - 17.0 

250 p 2m. 0.51 0.44 0.48 15 

Original dry weight. of 30 leaf discs = 0.72 gms. 
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Loss of weight in controls was rather small and reflects the low 

control populations of organisms such as Collembola, mites and earthworms. 

The fact that no real differences existed. between coarse and fine 

meshbagsis further proof of little earthworm activity in the soil 

since these would be unable to enter the fine mesh envelopes. Leaf 

discs in untreated and menazon 10 p p m,treated plots lost about 40 and 40 
weight respectively after 4 months in soil. The loss of weight was 

slightly less in plots treated with menazon at 50 and 250 p p 	thionazin 

at 10 and 250 p p m and phorate at 10 and 50 p p m. The most noteworthy 

effects were shown by treatments such as phorate at 250 p p m and thionazin 

at 50 p p m where the insecticide rate apparently had surprisingly 

little effect on the rate of leaf litter breakdown in view of the effeots 

of such treatments on Collembola and mites. This result together with 

previous work by Way and Scopes (1965) on drive field, indicates that 

even relatively high rates of organophosphorus insecticides are unlikely 

to significantly decrease rate of leaf litter breakdown, since other 

organisms notably Enchytraeidae which are relatively little affected 

by the insecticides can replace them and take over their action. 

Field Experiments to determine the effects of climatic  
•60 

and cultural factors on insecticide persistence. 

These experiments were undertaken to indicate whether the persistence 

of a soil applied systemic inseotioide as shown by the results of the 

main field experiment were likely to be modified by cultural or climatic 

factors to an extent which would make it difficult to predict persistence 

under conditions different from those in the main experiment. This is 



Figure 11. Comparison-of'-relative rate of loss:Of.menazon:at 250 
• . 

p p m in experiment in drive field, vith menazon at 

101:i) p m in the main field experiment. 

(Dram by eye) 
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especially important since in the main experiment the grass cover 

was allowed to develop naturally and was not as in normal agricultural 

practice. 

Effect of crop rotation on persistence. 

This experiment on Drive field ran concurrently with the main 

field experiment and on a similar soil type(letails on page 21).. 

Details of the rotation were April - September 1963 - field beans; 

October 1963-August 19(4 - wheat; October 19641-Nny 1965 - lettuce. 

The plots were rotivated or dug, weeded and fertilised and with artificials 

as in normal agricultural practi ce. Agricultural treatment therefore 

differed from that of the main experiment which was allowed to develop 

a natural grass cover in the autumn of 1963. One treatment strictly 

equivalent to those in the main experiment was menazon at 250 p p m. 

Soil samples were taken and an aphid bioassay done as before. 

Details of results are in the appendix (table 9) and figure 11, which 

shows the rate of disappearance of menazon originally at 250 p.  p m 

compared with menazon in the main experiment. 

The results show that the rate of disappearance of menazon at 

250 p p m was similar to that of 10 p p m in the main experiment. 

It is known that 50 p p m menazon disappeared relatively more 

slowly than 10 p p m in the main field experiment, and no doubt this 

effect would be enhanced at 250 p p m though unfortunately no bioassay 

was done on the 250 p p m treated plots in the main experiment. 

Since menazon would be expected to disappear more slowly at 250 p p m 

it can be very tentatively concluded that the loss of insecticide 
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was somewhat greater under the arable rotation than in the conditions 

in the main experiment. This result needs to be more closely examined 

with cropping treatments done in the same experimental area. 

The persistence of thionazin as affected by a cover crop  

and rainfall. 

This experiment on the glasshouse plot. was done one year later 

than the other field experiments and Rimed to investigate whether -

rainfall and a cover °flop influenced persistence. Thionazin was 

chosen because it was the most soluble of the insecticides used and 

therefore seemed likely to reflect best the effects of leaching caused 

by rainfall. Whin details of methods are given on page22 . Granular 

thionazin was applied broadcast at 10 p p m to three of five sets of 

replicated plots, two sets of plots were kept fallow and one of these 

was protected from rain by a polythene sheet. The third set was exposed 

to rain but sown with grass. One set of untreated control ploto 

was kept fallow and rain-exposed and the other sown with grass and 

rain-exposed. Unfortunately there were no control plots for the 

fallow rain-excluded treatment. 

Counts of Collembola and mites. These are given in the appendix 

(tables 10 and 11) and for Collembola this data is calculated in table 

16 as percentages of numbers in the relevant untreated controls. 

As expected all treatments decreased numbers of Collembola. In 

view of pre-treatment variability in nutters, the treatments cannot 

be said to differ in their effects, though possibly the populations 

of Collembola under grass did not recover to the extent of the other 
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treatments. It is intorodting that Collebbola numbers were as high 

in the rain excluded plots as in those exposed to rain. 

Counts of mites are shown in table17while the complete data is 

in the appendix table 11. 

Table 36. Numbers of Collembola (per 40.5 cu. ems.) and per cent 

of numbers in the relevant control after treatment with 

thionatin at 10 p p in. 
••••••••••••••••••••••••••• 

Date. 
j 

Nos/40.5 	j of 	Nos/40.5 	% of 	Nos/40.5 

cu.cms, 	oontrol, 	cu.oms. 	control. 	on. 

Pre-treatment 

28.4.64. 

8.5.64. 

	

6.0 	82. 	6.7 	181 	6.0 

	

8.3 	89 	12.7 	341 	7.; 

  

Rain exposed fallow. 

Treatment 15.5.64. 

Post-treatment. 

Rain exposed cover 
crop. 

Rain excluded 
fallow. 

   

	

14 	2.0 	20 
	2.3 

	

31 	1.7 	18 
	4.0 

	

90 	3.3 	16 
	

4.0 

	

36 	5.0 	28 
	

8.7 

	

.23 	2.7 	27 
	

2.3 

	

17.4.65. j 20.0 	32 	4.3 	34. 	9.0 

	

1.6.65. 17.5 	90 	9.3 	12 
	25.0 

1.,•••••••• 

27.6.64.:  1.0 

16.8.64. 5.0 

10.10.64. 5.7 

28.10.64. 3.0 

13.1.65. 3.0 



Date 	Nos/40.5 I o of 

eu.ems. control. 

Pre-treatment. 

28.4.64. 1 4.3 	40 	8.7 

8.5.64. 	11.3 	147 	5.3 

Rain exposed fallow.] Rain exposed cover 

Treatment 15.5.64. 

Post-treatment. 

27.6.64. 4.3 31 2.0 22 3.7 

16.8.64. 1.7 .  27 0.7 8 2.3 

10.10.64. 3.3 .  47 1.0 14 3.0 

28.10.64. 3.3 52 1.3 12 4.0 

13.1.65. 1.3 43 0.3 9 2.0 

17.4.65. 2.0 50 1.3 12 1.7 

1.6.65. 2.0 19 3.0 26 1.0 

100 	8.0 

crop. 

Nos/40.5 % of 	i Nos/4°.5 

cu.cms. I control. cu.cms. 

124 	7.0 

Rain excluded 
fallow. 
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Table17. Numbers of mites (per 40.5 cu. ems.) and per cent 

of numbers in the relevant control after treatment 

with thionazin at 10 p p m. 

As with Collembola, mite populations were very variable but the 

results also suggested that a cover crop decreased numbers more than 

did the fallow treatments, also exclusion of rain did not seem to 

decrease numbers. 

Aphid bioassay results to determine persistence of thionazin. 

Details of results are shown in table 18, figure 12 and appendix 

table 9. 



Figure 12.  -The'-effeet.of rainfaIl-and a eover,erop_on therate'of-: 

loebby:thioriazinfrothseil. 

(Drawn by eye) 
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Table 18. Estimated concentration of thionazin in p p m as 

affected by, a) fallow soil Lain exposed, b) grass 

cover crop rain exposed, c) fallow soil rain excluded. 

Date. Days after 
treatment. 

10.5.6/1.. 0 

19.5.64. 9 

16.6.64. 37 

4.8.64 86 

17.3.65 311 

17.5.65 372 

Table 18 and figure-12 indicate that the disappearance of thionazin 

may initially be somewhat slowed by the absence of rainfall though 

no analysis was made to determine whether the rates of disappearance 

under the three sets of conditions differed significantly. A single 

line (figure 12) was used to represnt loss in rain exposed cover crop 

and rain exposed fallow treatments since it was apparent that the 

data did not differ. 

Assuting the lines to be significantly different the "half life" 

of thionazin under rain excluded conditions was about 20 days which 

was about twice as long as in rain exposed conditions. Those results 

contrast with those done in the main experiment ono year previously 

where the "half life" of thionazin was about 45 days. Perhaps the 

difference was partly because 74 mm. of rain fell in the first 23 days 



compared with only 10 inn, for the comparable period for 1963. 

However this seemingly is a minor factor because persistence was 

shorter in 'rain-excluded' conditions in 1964 than in the rain exposed 

conditions in 1963. 

The effect of formation on the persistence of thionazin  

in soil. 

In the field experiment the chemicals were applied as granules 

which are known to slieitly enhance persistence ( Valkork  1963; 

Lichtenstein et al.0 1964). Ground granules were used in the bioassay 

work in order to increase the uniformity of distribution in soils  

and it is not known whether this alters persistence. 

A preliminary experiment was done in the laboratory to compare 

thionazin in a granular formulation with a misoible liquid formulation)  

the persistence of which would be unaffected by the formulation. 

Liquid and granular thionazin at 10 p p m at dry weight of soil were 

each made up in 65 kilograms of damp field soil taken from an area 

adjacent to the main field experiment. 

kilogram portions of the mixed soil were put into 2 kilogram 

glass chemical jars with 5 cm. diameter scrowlids. 20 2.5 cm. diameter 

field bean leaf discs were buried in the soil to study leaf litter 

breakdown. 

30 Jars were used for each treatment their lids were screwed 

tightly down and the jars put in a 150G constant temperature room 

with 16/24 hours light. 3 jars from each treatment were removed at 

intervals and stored in a deep freeze for bioassay. The soil from the 



Figure 13. The rate of loss of thionazin from a granular and liquid 

formulation. 

(Drawn by eye) 
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juro wns mixed and. bioassays wore done as described (page 25). 

The results are shown in table 39, figure 13 and in appendix 

table 9. 

Table 19. The persistence of thionazin (10 p p m) in soil after 

application as, a) a granular formulation, b) a 

liquid formulation. 

It is clear from the aphid bioassay that the granular formulation 

disappeared more slowly. The "half lives" of granular and liquid 

formulations were about 16 and 7 days respectively, which is 

strikingly less than was found in the field. 

The bean leaf discs were examined after 8 and 16 days by which 

time they were completely broken down and so no data on the effect 

of thionazin on the break down of leaf litter was obtained. 

The slightly higher average temperature and different soil conditions 

in the sealed jars may have enhanced the action of organisms 

responsible for breakdown, but undoubtably this difference needs to 
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be investigated further since it may help in underStanding the factors 

that control breakdown of organophosphorus chemicals in soil. 

The liquid formulation presumably has no constituents which 

enhance persistence of thionazin. Presumably such constituents 

(i.e. Fullers Earth) exist in the granular preparation though the 

different distribution in the soil with lon^lised high concentrations 

of the granular treatments may also affect loss differently from that 

of a uniformly' distritated liquid formulation. It can be concluded 

that the ground granules would either persist as long as the unground 

ones or show intermediate persistence between ungraound granules and 

liqad formulation. lhlker's (1963) data indicate that granules had 

a slight effect on persistence so perhaps the ground granules would 

show similar activity to the unground. 
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DISCUSSION. 
• M1111.11•••••••••••••••••••••••••••••. 

Errors in Assessment of Insecticidal Residuqo using_the  

Bioassay Techniques.  

The bioassay of an insecticide residue involves the assessment"  

of its biological activity irrespective of chemical changes in the 

original chemical, such as breakdown or metabolism, or of physical 

effects such as adsorbtion which might prevent the insecticide from 

showing biological activity. 

The structural formulae of the main active ingredidnts of the 

insecticides are, 

\P 
phorate 	C2H50 t'SCH2SCH5 

C2H ".  

thionazin 
C2H50 

C2H50 
POf 

. —N%ztk„,  

    

These insecticides are known to be changed chemically either in 

soils  or in the plant or in the insect (Ahmed and Casidas  1958; 

Menn and Hoskins, 1962; Calderbank, 1965; Bull, 1965). Thus menazon 

in the plant may be changed to menazon thiolate (Calderbank, 1965) 
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which is also toxic to aphids, but because menazon in vitro is a weak 

choline esterase inhibitor and the thiolate analogue exhibits only 

moderate activity, the chemical is seemingly changed further in the 

insect, because menazon is known to be one of the most toxic substances 

to aphids. The exact nature of changes which occur in soil is not 

known, bui, it is known that certain soil far 7i and bacteria can 

metabolise menazon, perhaps to compounds like those produced in the 

plant (Price-Jones, l955). 

Phorate in soil may be partially converted to the insecticidal 

,luifohe and i c `he sulfoxide (Getzin and. Cha.pman0  1960). Ahmed and 

Casida (1958) showed that organisms such as Chlorella can oxidise 

phorate to its sulfoxide which itself oan be hydrolizd by soil 

organisms such as Pseudomonas and Thiobaoillus. 

It is therefore clear that a bioassay of the soil applied systemic 

organophosphorus insecticide is indicating the toxicity of possible 

conversion products as well as that of the original insecticide. Soil 

type (to be discussed later) profoundly influences the availability 

of an organophosphorus insecticide in soil and hence the ability to 

kill soil insects or to be absorbed by the plant (Getzin and Chapman, 

1959; Parker and Dewey , 1965). This means that the bioassay technique 

gives an estimate of the residue in terms of what is equivalent in 

killing power to a particular concentration of chemical. 

The term "phorate equivalent", "thicnazin equivalent", and 

"monazon equivalent" will therie.r be used td describe concentrations 

of residues Of each chemical in soil as dateiminediti'tioasb4. It 

would appear from what is known that the estimates of menazon and 
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thionazin equivalents will be more nearly comparable to that of the 

actual chemical than that of phorate, since the last named chemical 

alters more radically in the soil. 

It should be explained that the aphid and Collembola bioassay 

techniques used in this work depend on different properties of the 

chemicals, systemic for the aphid and probably contact and sometimes 

fumigant for the Collembola assay. Varying availability of the 

original chemical and Jf its conversion prodUcts to the insect via 

the plant and directly to the insect could therefore lead to different 

estimates of the residue. 

Persistence of Insectioides in Soia. 

Phorate, thionazin and menazon showed similar curves for persistence 

in soil. There was an initial rapid fall off after which the curves 

flattened out, so that small but detectable residues still persisted 

after two years. The estimated residues for 10 p p m phorate, thionazin 

and menazon 760 dyas after treatment were 0.11, 0.02 and approximately 

0.10 p pm respectively. It can be seen (figure 7) that the curves 

of loss were not exponential since the 'half life' greatly increased 

with time. For example the curves in figure 7 (b and c) indicate 

successive 'half lives' for menazon of about 45, 80, 85, 150 and 190 

days, and for thionazin 30, 45, 70, 125 and 230 days. The curves of 

loss therefore seem to fit the type advocated by Wheatley (1960 and 

Lichtenstein (1965), where it is assumed that the insecticide is present 

in a population of sites each having an individual loss rate rapid at 

the beginning and "tailing off"slibsequently. 
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It is interesting that Persistent small residues of menazon 

were also demonstrated in the field following a commercial 

application to Brussel sprouts (Galley, 1965). These residues although 

detectable after ]4 months were not economically significant. 

The relative rates of loss of the insecticides applied at 50 p p m 

were similar for phorate to that of the 10 r p m application. 

Thionazin seemed to disappear slightly more slowly at 50 p p m and 

this effect was even mire pronounced with menazon. Thionazin applied 

at 250 p p m also disappeared relatively more slowly for about the 

first 8 months but afterwards the disappearance curve paralle;ed that 

of the lower concentrations. Perhaps the very high concentrations 

are harmful to organisms that metabolise organophosphorus insecticides 

in soil. 

Other workers have studied the persistence of phorate in soil 

with somewhat variable results but little or no such work has been 

done on thionazin and menazon. Getzin and Chapman (1960) showed that 

after 90 days potatoes grown in a phorate treated sandy soil were 

more effective esterase inhibitors than when grown in a similarly 

treated silt loam. Column chromatography and partition techniques 

showed that P32  labelled phorate was partially oxidized, partly 

hydrolsed and partly bound to the soil. For example, 28 days after 

application to a Plainfield sand 12% remained as phorate, 64 as 

oxidation products and 40 as hydroysis products. Parker and Dewey 

(1965 ) used Drosophila melanogaster as the test insect for bioassaying 

phorate which was applied as an emulsion and extracted from soils 
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with either acetone or chloroform. Phorate was mixed with a stony 

silt loam and kept in a 3" deep layer in the glasshouse. The toxicity 

of phorate in wet treatments increased to a peak 28 days after application 

when the killing power of the residues were equivalent to 4,-5 times 

the quantity of phorato originally applied. The wet treatments showed 

122 times greater toxicity than the dry tl.,-,bments. Dewey and Parker 

(1965) further investigated this phenomenon using chloinesterase and 

chromatographic techniques to determine the causes of increased 

toxicity after application to soil. 

They stated that the exact components actually responsible for the 

high toxicity to Drosophila of these phorate treated soils is not 

known. It seemed, however, that combinations of phorate and/or its 

(,6(.a,%TrI -nuabo]itcb 	syhe.....51s:;' -ash eth-r zz.J. res1Vt is $uffictent 

increase in toxicity to account for the abserved mortalities. It 

may be that a similar initial increase in toxicity accurred in the 

present experiments since two soil samples to 10 p p m phorato sampled 

14 and 35 days after application gave phorate equivalent concentrationa 

of 15.6 and 14.9 p p m respectively . 

Data supplied by Cyanamide (1964) showed the thalf life' of 

phorate in a sandy loam soil in New Jersey was 13 days, while 

Lichtenstein (1964) stated that in experiments conducted in Wisconsis 

5 	of the applied dosage (5 lbs./acre) of phorate cultivated to a 

depth of 5" had disappeared after 1 month. Vials, et al., (1961), 

examined the residual toxicity of certain insecticide sprays including 

disulfoton, phorate and thionazin to Hippelates collasor (Townsend), 
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the eye gnat, to determine their persistence in a sandy soil in jars 

under glasshouse conditions (3100). Under thost: conditions 6 of the 

activity of phorate applied at 2 lbs./acre (6" deep) remained after 

G. months while for 4. and 8 lbs. per 6" acre this figure was 6 and kg 
respectively. 0.5 and 0.20 remained 5 months after the application 

of 4. and E lbs./acre of thionazin. 

The experiments discussed above were therefore dame-in different 

soil conditions and will' different chemical or biological techniques 

to each other to those used in this work. It is interesting that the 

experiments described in the present thesis demonstrate greater 

persistence compared with that shown by other workers. No doubt 

this is a reflection of the sandy soil type and of the lower soil 

temperatures that prevailed compared with the U.S.A. (Lichtenstein 

and Schulz, 1959). In this connection it is significant that the 

Collembola bioassay described in this thesis which is highly sensitive 

to phorate and thionazin when used with the acid sandy soil from 

Silwood, has been used by Griffiths (1965) who found it relatively 

insensitive in clay soil especially when the pH is alkaline. It may 

therefore be an important factor affecting persistence, and in this 

connection it should be pointed out that the pH of the soil from the 

Silwood field experiments was in the region of 6.1. 

Effects of Insecticides on Soil fauna and leaf litter breakdown. 

It was clearly shown in the main field experiment and also by 

;lay and Scopes (1965) in a similar soil, that insecticides such as 

phorate and thionazin drastically reduced the populations of soil 
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organisms such as Collembola and mites. 

The insecticide treatments in the main field_ experiment reduced 

populations of Collembola for varying lengths of time, menazon at 

10 p p m for about 2i months, phorate at 10 p p in for about 18 months 

and thionazin at 10 p p m for about 214. months.. As expected at 250 

p p m the insecticides were toxic for corresr,,ndingly longer periods 

of time. 

Work by Raw (1965) confirms that menazon has relatively little 

effect on soil fauna, for using menazon at 2 lbs.Acre he was able to 

detect differences in Collembola populations for only 14 days after 

treatment while with 8 lbs./acre differences were noticed for only 

30 days. 

In the present e:Teriment the nrnbero of 0o17eubola iii plots 

treated 650 days previously with the three insecticides at 250 p p m 

approximated to numbers found in 10 p p m treated plots immediately 

after application, and thus it might be expected that the insecticide 

residues were in the order of 10 p p 114 Samples of thionazin treated 

soil 650 days after treatment at 250 p p m showed a thionazin biological 

equivalent of 6.0 p p m which bears out this conclusion with repect 

to thionazin. Unfortunately no bioassay was done with soil treated 

by the other insecticides at 250 p p m. 

The populations of Collembola after treatment with 10 p p m 

phorate and thionazin reached normality in 18 and 24 months respectively 

when the estimated soil residues of the chemicals were 3.0 p p m and 

0.2 p p m respectively. According to the bioassay results with 

F. cavicola at 150C the LD50ts for phorate and thionazin were 0.009 and 
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0.007 p p m respectively and even using adult Collembola the LD50  for 

phorate was 0.03 p p m. This difference may be because F. cavicola  

is more sensitive to the insecticides, or because the insects are 

able to exist in small insecticide free pockets in field treated soil. 

This is borne out by the fact that even shortly after treatment with 

250 p p m insecticide a few Collembola were: still living in the 

treated soil (figure 6). The small plot size is no doubt a factor 

that helps in the rapid recolonization of inseoticide freed parts 

of the plot. 

The drastic effects of the insecticides and soil faunapnotably 

Collembola and mites, were not reflected in the rate of breakdown 

of beech leaf litter buried in the soil. For example treatments with 

phorate at 250 p p m and thionazin at 50 p p in did not greatly affect 

the rate of leaf litter breakdown, i.e. 36 and 41% loss respectively 

compared with 0 loss in weight for the untreated soil. Way and Scopes 

(1965) also showed that in similar soil conditions that phorate soil 

treatments drastically reduced Collembola populations but only 

temporarily decreased the ratio of leaf litter breakdown. This 

breakdown was apparently taken over by Enchytraeid worms which did not 

appear to be affected by the phorate soil treatments. This would 

account for the result obtained in the present experiment. 

It has been shown that soil insecticides can affect predator 

prey relationships in soil and this may enhance damage by the pest 

(Lipa, 1958; Coaker and Williams, 1962). The economic importance 

or organisms such as Collembola and mites is not understood, but if 
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they are beneficial then their apparent state of active competition 

with organisms such as Enchytraeidae presumably ensures that their 

beneficial effect is taken over by the latter, if they are 

killed by the insecticides such as those used in the present study. 

Factors affectin ersistence of insecticides in soil. 	• 

Rainfall:- The rate of loss of thionazin in +he experiment in glasshouse 

field was apparently increased initially by rainfall. The loss of 

killing power being slcwer in the rain excluded plots as might be 

expected from Lichtenstein and Schulz (1964) results. Soil moisture 

might be important. Bohn (1964) for example showed that 50% dimethoate 

had disappeared in 2-5 days in a damp soil and in 4 days in a dry 

soil. This more rapid rate of loss in damp soil might be exp7.ained by 

the suggestion that organisms responsible for breakdown are able to 

live and multiply in moist conditions. (Lichtenstein and Schulz, 

1964) In this connection Ahmed and Casida (1958) showed that phorate 

oxidation products could be hydrolyzed by Fseudomonas and Thiobacillus  

which depend on moisture. 

It is interesting that in the glasshouse experiment the insecticide 

concentration was higher in rain excluded plots but Collembola populations 

did not appear to differ from those in rain exposed fallow treatments. 

The data from the glasshouse plots suggests that a cover crop 

did not affect the rate of loss of thionazin in soil compared with loss 

in fallow soil. Perhaps direct loss by vulatalization from fallow 

soil is reduced by a plant cover but equalled by loss systemically via 

the plant. In the grass covered plots there appeared to be a slower 
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recovery of Coilembola compared with the rain exposed fallow treatment. 

Perhaps the insects were affected by taking the chemicals systemically 

from the roots. The Collembola data as a whole were somewhat inadequate 

and this probably does not justify this speculation which never the less 

is of interest in relation to further work. 

Insecticide formulation:- A preliminary labo-atory experiment 

demonstrated that a liquid formulation of thionazin was less persistent 

than a granular one in ,soil, which was to be expected from the nature 

of the granule carriers, e.g. Lichtenstein et al., (1964). This raises 

the question as to what is the effect of grinding the granules for 

bioassay, as persistence and toxicity it would seem correct. It 

would seem correct to assume that the effect would lie within the 

limits of that of an underground and liquid fonprOn..tion, 1:$anulc 

size is not an important factor affecting persistence according to 

Walker (1964), so the effect of ground granules would be expected to 

be more similar to that of an underground preparation, than to that 

of a liquid formulation. Unfortunately time did not permit a comparison 

of ground and unground preparations. 

Harmful side effects from the use of .soil applied systemic 

insecticides. 

Uneconomic levels of the insecticides were used in order to 

obtain some idea of the extent of harm that they could do, as well as 

to provide an indication of the localised effects likely to be caused 

by highly concentrated commercial in row or band placements. 

Furthermore the high rates made it possible to study persistence of 
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residues over a prolonged period. 

Menazon clearly has relatively little effect on soil fauna or 

plant growth even when usod at excessively high dosage levels. 

Phorate and thionazin affect plant growth at high rates (81-243 p p m) 

and such effects are visible for commercial in row treatments which can 

be as high as 250 p p in, i.e. if for example 2 lbs./phorate per acre 

occupied a section of 0.7 sq. ins. in rows 2' apart. The surprisingly 

small effect of the insecticides on the process of leaf litter 

breakdown was apparently because Enchytraeid worms had takei_ over the 

job from the soil arthropods. It is remarkeable that 

Enchytraeidae are so resistant, in view of the susceptability of 

closely related earthworms. 

The results of this work would seem to be valid for a light 

sandy soil with the reservation that climatiq crop and other conditions 

will alter persistence and also the extent of side effects. This work 

indicates that apart from possible phytotoxicity to seedlings no 

direct harmful effects are likely to arise from the practical use 

of these insecticides, although unexpected ecological changes like 

those shown by Conker and Viilliams (1962) for aldrin and dieldrin 

are possible. Critchley (1965) has shown that field applications 

of thionazin like those of aldrin and dieldrin are poisonous to 

beneficial predatory Carabidae but the greatly decreased persistence 

of organophosphorus insecticides compared with chlorinated hydrocarbon 

insecticides will no doubt minimise the possibility of such harmful' 

effects. 
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SUMMARY. 

1. A pot experiment with wheat, field beans and sugar beet, grown 

in insecticide treated sand showed thionazin to be more phytotoxic 

than disulfoton and phorate which in turn were more phytotoxic 

than menazon. 81 and 24.3 p p m thionazin inhibited and distorted 

growth of wheat plants whereas menazon had little effect even at 

these rates. All the insecticides caused necrotic lesions on 

field beans, tenazon at random on the leaves, disulfoton phorate 

and thionazin initially at the leaf margins. 

2. Thionazit and phorate decreased sugar beet growth similarly 

when applied to soil in the glasshouse but in the field thionazin 

appeared slightly mere phytotoxic. 

Using 014  labelled phorate it was shown that necrotic lesions 

on field bean leaves occurred where radioactive "high spots" 

were found. 

4. Germination and growth of S. arvensis, P.persicaritl and 

C. album were sever°ly inhibited by phorate and thionazin at 250 

p p m and to a lesser extent at 50 p p m. Menazon was relatively 

non phytotoxic. 

5. Collembola and mites were harmed by all insecticide treatments. 

Menazon at 10 p p m reduced Collembola populations for 21 months 

after treatment, phorate and thionazin for 18 and 24 months 

respectively. 250 p p m of the insecticides affected populations 

for a relatively longer time. The breakdown of beech leaf litter 

did not reflect the drastic effects of the insecticides on 
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Collembola and mites in the soil even in the plots treated at 

250 p p m. 

6. Two bioassay techniques were developed. One using the aphid 

R. insertum was sensitive to 0.3 p p m of the insecticides in a 

sandy soil while the other, useful only for phorate and thionazin 

was sensitive to 0.003 p p m. They were used to determine biologically 

active residues in soil. Such residues are expressed in p p m in 

dry soil and defined as "phorate equivalent", "menazon equivalent" 

etc., since they do not represent the original chemical - .nly 

its equivalent in killing power. 

7. The pattern of disappearance of insecticides in soil based on 

phorate, thionazin and menazon equivalents were not exponential 

but "half lives" increased with time. The "half lives" of phorate, 

thionazin and menazon immediately following application to soil 

were about 60, 45 and 30 days respectively. Residues from 10 p p m 

applications amounted to about 0.11, 0.02 and 0.10 p p m for phorate 

and thionazin respectively aftr.r 760 day.$. 50 p p m 	pho:?ato 

and thionazin appeared to disappear at about the sRJP proportionate 

rate as at 10 p p in, though menazon at 50 p p m declines initially 

more slowly. 250 p p m thionazin declined relatively more slowly 

for the first few months after which the curve was similar to that 

of lower rates. 

8. In general the insecticide equivalent residues in soil reflected 

the populations of Collembola and. mites found in the field, but it 

was noteworthy that F. cavicola as used in the bioassay technique 

(using adults at 10°C) gave an LD50 of 0.034. p p m with thionazin. 
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Collembola in the field appeared no different from controls when 

the phorate equivalent residue was-as high as 0.4-0.6 p p m. 

9. Preliminary experiments indicated that the figures for 

persistence of insecticides as shown by the results of the main 

field experiment were generally applicable to similar soils though 

could be modified by rainfall and perhaps by the type of crop 

rotation used. Surprisingly a grass cover crop seemingly had little 

effect on the rate of loss of thionazin compared with that of a 

fallow soil. 

10. laboratory experiments demonstrated that granular preparations 

of thionazin enhanced persistence compared with liquid ones. This 

needs to be confirmed in the field since the laboratory conditions, 

although similar in temperature, showed that the rate of disappearance 

of thionazin was extremely rapid compared with the main field 

experiment. 

11. It was concluded that harmful side effects would be unlikely 

especially for menazon. The others might prove harmfully phytotoxic 

to germinating seedlings. 
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Table 1. Hem numbers of Collembola per sample (40.5 cu. ems.) 
in untreated and phorate treated plots in the main  
experiment. 

Date of 
sample. 

Untreated 
Nos./40.5 
cu, Ems. 

10 p 
Nos./40.5 
cu. cans, 

p m 
% of 
control 

250 p p m 
Nos./40.5+ % of 
cu. ams. 	control. 

30.5.63 6.3 1.3 21 2.3 37 
24.6.63 17.3 3.7 21 1.3 8 
5.7.63 4.4 0.3 7 0.3 7 
9.7.63 3.0 0.8 28 0.4 13 
12.8.63 20.4 0.8 4 2.3 11 
13.9.63 33.5 5.2 15 5.4 16 
8.10.63 9.2 6.8 74 1.0 u 
2.12.63 34..7 16.2 47 12.2 35 
14.4.64. 27.3 4.5 16 0.4 1 
11.5.64 28.7 5.2 18 1.0 3 
11.6.64 24.7 18.8 76 1,0 4 
14.10.64 42.8 46.8 109 2.6 6 
3.1165 70.3 24.2 34 c:6 34. 
23.3.65 32.0 26.7 83 7.,:.; 	22 
27.3,65 36,7 35.0 95 8.4 	43 
&.4.65 32.0 20.3 64 8.6 	37 
17.5.65 32.8 30.5 93 CA. 	19 

Table 2. Mean numbers of mites per sample ( 40.5 Cu. ems.) in 
untreated and phorate treated plots in the main 
experiment. 

Date of I
sample. 

-Untreated 10 p p m 
Nos./405. 	Nos./40.5 % of 
ou. cms. 	Cu. ems. 	i control 

30.5.63 0.3 	0.3 100 
24.6.63 1.6 	0.2 13 
5  .7.63  
9.7.63 0.3 0.44 133 
12.8.63 1.8 0.5 28 
13.9.63 1.6 1.3 81 
8.10.63 1.2 0.5 42 
2.12.63 3.2 0.0 0 
14.4.64 0.6 0.7 117 
11.5.64 4.8 0.8 17 
11.6.64 0.9 1.2 133 
24.10.4 
3.1.65 
^3.3.63 

9.4 
3.2 
3.7 

 6.2 
0.0 
1.7 

66 
0 
46 

47.3.65 3.8 4.0 105 
8.4.65 3.0 1.8 60 
17.5.65 4.4 2.8 ,64 
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oontroli cu. ems. 

p m 
% of 
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10.6.63 	7.1 2.0 28 	0.0 
28.6.63 	16.1 2.8 18 	1.7 10 
15.7.63 	11.6 1.0 9 	C.0 0 
19.8.63 	31.8 2.2 7 	1.0 3 
25.8.63 11.0 5.8 53 	1.8 16 
18.9.63 27.4 8.2 30 	1.4 5 
12.11.63 12.8 6.0 47 	j 	3.8 30 
10.12.63 37.6 10.2 27 	1.6 
15.5.64 
21.9.64 

39.6 
96.6 

15.3 
40.3 42

39 	1.4 
3.2 3 

28.9.04. 117.1 50.7 43 	1.8 2 
22.4.65 45.3 37.5 83 7 
V5.4.65 37.4 30.0 80 14 

34.0 35.3 104 	7.% 21 
24.5.65 54.2 43.8 81 	4.4 8 
27.5.65 19.8 13.5 t 68 13 
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• Table 4. Mean numbers of mites per sample (40.5 cm. ems.) in 

untreated and thionazin treatod plots in the main 
experibent. 
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Table 3.  Mean numbers of Collembola per sample (40.5 cu. cms.) 
in untreated and thionazin treatod plots in the main 
experiment. 



Date of 
sample 

F 
19.6.63 
2.7.63 
29.7.63 
2.9.63 
26.9.63 
27.11.63 
22.5.64 
6.12.64 
10.3.65 
14.3.65 

, 19.3.65 

10 p p m 	250 p 
No$.140.5 • of 	Nos./W,5 	of 
cu. ems, 	control cu. o17.s, loontrol 

0.3 	18 
0.0 
0,2 	12 
0.0 

43 
1.6 	57 

c). a 	6 
77 

100 
149 

Untreated 
Nos./40,5 
cu. ems. 

1.7 
0.4 
1.7 
1.4 
1.4 
2.8 
4.7 
3.3 
4.7 
5.6 
3.9 

1.3 
0.2 
0.8 
1.7 
1.0 
2.0 
3.7 
0.8 
7.5 
3.8 
3.0 

76 
50 
47 
121 
71 
71 
79 
24 

160 
68 
77 

hi 0. 

Table 5.  Mean numbers of Collembola per sample (40.5 cu. ems.) 
in untreated and menazon treated plots in the. irin 
experiment. 

Date of 
sample. 

Untreated 
Nos./4.0.5 
cu. ems. 

10 p 
Nos./40.5 
eu. ems. 

p m 
% of 
control 

250 p i 
bros./40.5 
ou. ems. 

19.6.63 13.1 6.0 46 9.0 
2.7.63 3.6 2.3 65 0.7 
29.7.63 12.1 6.5 54 1A. 
2.9.63 f1.7 22.0 102 2.4 
26.9.63 3:...2 19.6 65 7.0 
27.11.63 y ,7 L9.8 162 24..6 
22.5.64 42.4 144,7 98 24..6 
6.12.64 51.9 4,8 96 13.4 
10.3.65 32.1 23.0 72 27,0 
14.3.65 33.6 44.2 132 274. 
19.3.65 21.6 22.0 102 27.1,, 

% of 
control 

69 
19 
12 
ll 
23 
80 
58 
26 
84 
82 

128 

Table 6.  Mean numbers of mites per 2ampae (405 cuk 
in untreated and menazon treated plofic La the main 
experiment. 



60 
6o 
6o 
60 
60 
60 
60 
60 

50 
so 
so 
50 
50 
50 
50 
50 

30 
22 
14 
lo 
8 
6 

2 

5o 
37 
23 
17 
13 
10 

45 
33 
25 
16 

9 

2 

   

31 I 62 47 
16 
13 2362 329  
6 12 12 
4 8 7 

	

4 	F. 	6 

0 0 0 

	

28 	: 31 
20 5C 32 
11 28 20 

10 7 
2 5 7 

75 
55 
42 
27 
20 
15 

3 

94 
64 
46 
24 
1.4 

0 
4 . 

34.  
• 26 
19 
14 

50 
49 
35 
19 
1.0 

90 
76 
62 
4.6 
31 
20 

7 

3.00 
98 
70 
38 
20 
18 

OW 

2 

93 40 100 
80 39 98 
50 28 70 
18 18 43 
18.  11 	28 

Tol2?.ei. Percentage kills by standard doses of inseeticide in 
soil for different bioassays using aphids. 

Bioassay Dose in ppin,No. of 
No. active 'insects 

ingredient 

24 hour kill 48 hour ki11i72 hour kill 

No. 	No. 	6'  /0 No, 

10.0 
5.0 
2.5 
1.25 
0.625 
0.313 
0.156 
0.0 

(1)  

PHORATE 

(2)  

MR= 

10.0 
5.0 
2.5 
1.25 
0.625 
0.313 
0.156 
0.0 

(3) 10.0 
5.0 
2.5 

PIMBATE 	1.25 
0.625 
0.313 
0.156 
0.0 

..•••1•••••••••••••••• ••••••••...•• 	 -•-•-•••• 

(4) 10.0 
5.0 
2.5 

NOM 	• 1.25 
0.823 
0.313 
0.156 
0.0 

(5) 10.0 
5.0 
2.5 

PHORATE 	1.25 
0.625 
0.313 
0.156 
0.0 

	

S 	. 
- - . - 
2. .. 	5 1 2 	5 

	

5/ 	87 59 	98 1 

	

3,7 	625o 	83 

	

277 i 45 t 35 	55 

	

it 	30 f 21 	3$ 

	

lc 25 19 	32 

	

1 _,1 	22 18 	53 
9) 15 11,. 23 
35 	4 ..........,.. 

A  40 100 
66 36 90 

i 48 26 	65 
1 3, 19 	48 

2 	5 °3 13 	4 35 

5 3 8 

40 
40 
40 
40 
40 

&
fS

S i
eV

&
 

• • 

• • 

1 

42f. 
23 
17 

8 
7 
5 
2 

40 

40 
40 

	

15 	38 27 
35 ,0 

	

5 	13 13 

	

6 	15 12 
40 4  10 9 

IMO 

3 

73 
38 
23 
17 
13 
12 
8 
3 
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Bioassay 
No. 

Dose in ppm 
active 

ingredient 

No. of 
insects 

24. hour 
, 

No. 

kill 

% 

48 hour kill 

No. 	% 

72 hour 

No. 

kill 

rf 
19 

(g) 

MENAMMI. 

10.0 
5.0 
2.5 
1.25 
0.625 
0.313 
0.156 
0.0 

50 
50 
50 
50 
50 
50 
. 

50 

11 
8 
4 
4. 
1 
2 
- 

0 

22 
16 
8 
8 
2 
4 
- 

o 

23 
16 
11 
7 
4. 
4 

0 

46 
32 
22 
14 
8 
8 

0 

- 

39 
28 
11 
10 
5 
6 

0 

78 
56 
22 
20 
10 
12 

0 
 

(7) 

1MMA20N 

20.0 
5.0 
2.5 
1.25 
0.625 
0.313 
0.156 
0.0 

60 
60 
60 
60 
60 
60 
60 
60 

17 
17 
13 
12 
8 
7 
7 
2 

28 
28 
22 
20 
13 
12 
12 
3 

28 
26 
19 
16 
12 
12 
..0 
3._...„ ..„ 

47 
43 
32 
27 
20 
20 
17 
5 

40 
38 
28 
21 
16 
17 
IA. 
4 	 

67 
63 
47 
35 
27 
28 
23 
7 . 	...., 

• (8) 

MASON 

10.0 
5.0 
2.5 
1.25 
0 .62 
0.313

5  

0.156 
0.0 

60 
60 
60 
60 
60 
60 
. 
60 

16 
14 
10. 
8 
7 
6 
. 
1 

27 
23 
17 
13 
12 
10 
- 
2 

22 
19 
15 
14 
10 
8 

0 	
-' 1 	. 

37 
32 
25 
23 
17 
13 

2 

37 
25 
21 
20 
24 
11 

2 

62 
42 
35 
33 	. 
23 
18 

3 

(9) 

MASON 

10.0 
5.0 
2.5 
1.25 
0.625 
0.313 
0.156 
0.0 

60 
60 

, 60 
i do 
60 
60 
- 
60 

' 

16 
11 
6 
6 
3 
5 
- 
1 

27 
18 
10 
8 
5 

1 8 
I 	- 
i 	2 

• 

.32 
22 
12 
Il 
10 
8 
- 
1 

53 
37 
20 

1 	18 
I 	17 
1 	13 

• 
2 

47 
30 
25 
13 
12 

.. 
2 

120.20. 

. 78 
50 
42 
22 
20 

- 
3 	. 

(10) 

TairoNAzru 

10.0 

2
.0 
.5 
1.25 
0.625 
0. 313 
0.156 
0.0 

60 
60 
60 
60 
60 
60 
60 
60 

	

27 	1 	4.5 

	

19 	i 	32 

	

14 	23 

	

13 	22 	, 

	

9 	i 	15 

	

8 	i 13 

	

4, 	1 	7 
o oi 

, 	! 

54 
24. 
19 
20 
17 
15 
8 

0 

57 
40 
32 

1 	33 
I 	28 
25 
13 

0 

43 
29 
25 
24. 
20 
18 
11 

0  

72 
48 
42 
tio 
33 
30 
18 

0 
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Bioassay 
- 	No. 

Dose in ppm 
active 

ingredient 

No. of 
insects 

24 hour 

No. 

kill 

% 

48 hoUr 

No. 

kill 

0 

72 hour 

No, 

kill 

p,  01 

(U) 40.0 48 .22, 46 31 65 43 90 
5.o 48 12 25 19 40 32 67 
2.5 48 11 23 16 33 2  22 46 

THIONAZIN - 	1.25 48 10 23. 14' 29 17 35 
0.625 48 9 19 12 25 1124 29 
0.313 48 7 15 10 21 13 27 
0.156 •• 4.• 

- 
••• 

0.0 48 : 3 6 3 6 4 8 

(12) 10.0 6o 23 38 36 6o 45 75 
5.0 6o 21 35 30 50 38 63 
2.5 60 14 23 	20 33 25 42 

THIONAZIN 1.25 60 13 22 	20 33 22 37 
0.625 60 7 12 	i 	13 22 16 27 
0.313 60 5 8 	' 15 1.3 22 
0.156 - - -. 	,..- - 
0.0 60 1 . 	. 	2 1) 5 

(13) 10.0 60 19 32 	. 	1:-7 46 77 
5.0 6o 15 25 	42 	36 60 
2.5 60 13 22 	- . 	33 	33 55 

THIONAZ1N 1.25 6o 10 17 	15 	25 	24 40 
0.625 60 8 1!) 	22 20 ' 33 
0.313 60 8 J. 	10 17 19 32 
0.156 60 5 8 	i 	8 13 17 28 
0.0 60 0 0 	i , 	0 0 0 0 -.i 

(14) 10.050 29 58 	, '9 98 50 

Q
 	

-.+
0  C

N
I
 N

u
s ON

 rs
 trl
 1
1
  C

!  
us 

5.0 50 25 50 	42 84 47 
2.5 50 14 28 	25 50 37 

THIONAZIN 1.25 50.  11 22 	18 36 25 
0.625 5o 9 16 - 	3.5 -30 18 
0.313 50 3 ' 	e:,: 	7 	'14 	11 
0.156 50 - ., 	s 	 _ 	, 	.. 
0.0 50 3. 2 	1 	2 	1 

r 

(15) 10.0 60 16 27 	22 . 37 	43 72 
5.0 60 11 18 	. i 15 25 	21 35 
2.5 60  

9 15 	i 12. 20. 	f 	18 ! 30 
THIONAZIN 1.25 60 6 10 	i 12 	20 	17 28 

0.625 60 5 . 6 	19 	17 	14. ' 23 
0.313 60 4. 7 	8 	13 	11 18 
0.156 - . - 	- 	- 	-.  . 
0.0 6o 1 2 	2 	3 	1 	2 3 

,,- • 1  	, 	. 
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Bioassay 
No. 

Dose in ppm 
active 

ingredient 

No. of. 
insects 

24 hour kill 

% No. No. 

48 hour 

No. 

kill 

4/0 

72 hour kill 

(16) 10.0 30 19 63 27 90 30 100 
5.0 30 12 40 20 67 :f'.5 83 
2.5 30 6 20 12 4.0 L.8 60 

THIONAZIN 1.25 30 4 13 8 27 12 40 
0.625 30 2 7 6 20 7 23 
0.313 30 0 0 3 10 5 17 
0.156 — - - .. .. - 

0.0 30 0 o •  1 3 1 3 
_. 	. 

(17) 10.0 40 10 25 15 38 27 '68 
5.0 40 7 18 12 30 15 38 
2.5 40 5 13 10 25 L2 	• 30 

THIONAZIN 1.25 40 4 10 8 20 11 28 
0.625 40 3 8 7 18 9 23. 
0.313 40 2 5 	5 13 	'7 18 
0.156 - 	.... 	, 	- 	- . 
0.0 40 0 !"_:. 	t 	3 1 3 

(18) 10.0 48 22 46 	3z •67 4 88 
5.0 4.8 11 23 	i • 4,0 21 1414. 
2.5 48 9 lf,. 	. 	t5 .‘,1 19 40 

THIONAZIN 1.25 48 6 ls 	: 13 27 19 40 
0.625 48 5 10 	i 	L. 23 14. 29 
0.313 48 4 8 	' 	8 17 10 21 
0.156 - 	- - 

- - 

0.0 48 1 2 	1 2 2 4 

(19) 10.0 48 14 29 	i 18 38 23 48 
5.0 48 9 ' 19 	3  13 27 16 33 
2.5 48 7 15 	11 23 15 31 

=WON 1.25 48 6 13 	9 19 12 25 
0.625 48 5 10 	. 	e t7 10 21 
0.313 48 3 t) 	5 - :7,C, 7 15 
0.156 ... — 

0.0 48 0 c) 	( 	0 2 4 
J ! 	_ 
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Table 8. Details of probit analyses (slope of line, LD50 and Chiosq.) based on aphid mortality by 
standard doses of insecticides. 

:nsecticide Bioassay 
Number 

24 Hours 	48 Hours 	72 Hours 	124 Hours 
Slope Var.+ Slope Var.+ Slope Var.+ 	LD50 Var.+ 

48 Hours 	72 Hours 
LD50 Var.+- LD50 Var.+ 

24 hrs. 48 hrs. 72 hrs. 
Chi.sq. Chi.sq. Chi.sq. 

PRORATE 

ENAZON 

MIONAZIN 

AMAZON 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1.00 
1.20 
2.07 
1.29 
1.13 
0.78 
0.47 
0.50 
044 
0.71 
0.70 
0.77 
0.59 
1.15 
0.67 
1.66 
0.63 
0.95 
0.59 

0.19 	1.22 	0.161 1.41 
0.18i 1.72 	0.1812.43 
0.3312.77 	0.41 	2.74 
0.19! 1,22 	0.15 .1.43 
0.2511.41 	0.21:1,66 
0.22 10.95 	0.18 11.41 
0.14 1 0.60 	0.13 i 0.79 
0.17 10.53 	0.15 	0.77 
0.22 10.84 	0.16 	1.18 
0.13 	0.59 	0.12 	0.73 
0.22 10.82 	0.19 	*1.34 
0.16. 10.88 	0.15 11.06 
0.17 10.70 	0.14 :0M 
0.18 11.84 	0.20 11.99 
0.20 10,53 	0.17 	o.89 
0.28 11.77 	0.28 	12.02 
0.21 	10.570.20 po.86 
0.22 10.87 	0.17 	11.06 
0.18 	10.61 	0.18 	10.68 

1 

0.17 
0.25 
0.38 
0.16 
0.23 
0.17 
0.13 
0.15 
0.16 
0.12 
0.20 
0.16 
0.12 
0.21 
0.16 
0.29 
0.19 
0.17 
0.18 

2.10 
. 1.92 
1.74 
1.79 
2.00 
3.03 
3.26 
3.33 
3.01 
2.32 
2.56 
2.34 
3.01 
1.81 
3.06 
1.83 
3.14 
2.33 
3.06 

0.15 
0.10 
0.06 
0.08 
0.15 
0.46 
0.63 
0.69 
0.47 
0.22 
0.40 
0.23 
0.49 
0.10 
0.49 
0.89 
0.62 
0.22 
0.55 

11.5? 
i 1.40 
1.40 
1.42 
1.33 
2.17 
2.26 

1 2.69 
2.12 

12.02 
11.90 
11.75 
12.19 
1.22 
2.96 
1.44 
12.67 
11.82 
12.67 

1 

0.07 
0.05 
0.05 
0.06 	I 
0.07 	1  
0.17 
0.25 
0.42 
0.17 
0.20 
0.16 
0.11 
0.22 
0.05 
0.54 
0.07 
0.48 
0.13 
0.42 

1.24 
1.12 
1.14 
1'.14 
1.04 
1.64 
1.55 
1.85 
1.59 
1.62 
1.38 
1.48 
1.36 
1.01 
1.82 
1.20 
1.84 
1.49 
2.27 

0.06 
0.04 
0.05 
0.05 
0.06 
0.07 
0.11 
0.14 
0.07 
0.12 
0.07 
0.08 
0.10 
0.05 
0.12 
0.60 
0.15 
0.08 
0.27 

0.86 	1 
4.61 
0.23 
9.01 
2.43 
1.61 
0.70 
0.27 
2.55 	i  
1.26 
2.53 
0.70 
0.38 
2.02 
0.25 
1.61 
0.12 
2.46 
0.54 

1.24 1 
8.56 
4.04 
8.17 
6.55 
0.85 
0.93 
0.18 
4.2E 
3.58 
3.30 
1.33 

1 	0.20 
i 9.43 
1.06 
2.48 
0.07 
4.00 
0.40 

L 

1.83 
13.06* 
3.86 
20.87 
9.29 
10.59* 
3.22 
2.08 
8.14 
4.61 
6.60 
2.06 
3.26 
5.45 
11.04* 
4.90 
4.52 
14.42* 
0.62 

-1A 
* Denotes heterogenity. 
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Original 
Insecticide 	Date 	Conc. 

in 
PPm 

Sample 
Date 

Bio 
No. 

Estimate of Residue 
24 hours 
ppm 	S.E. 

48 hours 	72 hours 
ppm 	S.E. ppm 	S.E. 

Mean 
ppm 

THIONAZIN 7.5.63 10 11.11.63 16 1.4 0.20 1.4 0.20 0.9 0.14 1.2 
21.4.64 0.8 0.22 1.0 0.22 0,7 0.15,0.8 

7.5.63 250 21.4.64 61.3 0.26 - - - - 	61.3 
THIONAZIN 10.5.64 10 4116.6.64 17 3.1 0.43 3.3 0.43 2.7 0.26 3.0 

B 16.6.64 2.6 0.43 0.8 0.47 0.8 0.31 1.4 
C 16.6.64 0.3 0.63:0.5 0.55 1.0 0.29 0.6 
A 17.5.65 0.2 0.64 0.3 0.63 0.5 0.35 0.3 
B 17.5.65 0.3 0.61 0.3 0.63 0.5 0.35 0.4 
c 17.5.65 0.2 0.64 0.2 0.72 0.3 0.37 0.2 

MON./MN 7.5.63 50 11.11.63 18 12.6 0.37 	- - - - 	12.6 
11.1.64. 2.6 0.22 8.1 0.29 8.3 0.31 6.3 
21.4.64 0.9 0.3313.7 0.25 3.6 0.23 2.7 
23.7.64 2.1 0.26 i1.5 0.25 1.5 0.20 1.7 
22.1.65 1.7 0.270.8 0.27 1.0 0.21 1.2 

NENAZON 7.5.63 5o 11.11.63 19 20.9 0.4920.9 0.4416.9 0.3919.6 
11.1.64 4.9 0.39 3.6 0.38 t..7 0.36 .1 
21.4.64 1.3 0,42 2.1 0.3813.1 0.33 2.2 
23.7.64 0.9 0.47 1.6 0.',..1. 2,5 0.33 1.7 
22.1.65 0.3 0.50 0.9 0.43 0.7 0.37 .6 

7.5.63 10 11.6.63 2.6 0.40 4.6 0.37 3.1 0.33 3.4 

* Diluted 10 times for bioassay. 

A Rain excluded fallow plots. 

B. Rain exposed fallow plots. 

C. Rain exposed cover crop plots. 
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Table 10.  Mean numbers of ColleMbola per sample (40.5 cu. oms.) in • 
experimenta in glasshouse field. 

Date Tionazin 10 p 
Rain excluded 

fallow 

p m 
Rain exposed 
Fallow Cover crop 

No Insecticide 
Rain exposed 
Fallow Cover crop 

28.4.64 6.o 6.0 6.7 7.3 3.7 8.5.64 7.3 8.3 12.7 9.3 9.0 
27.6.64 2.3 1.0 2.0 7.0 10.0 
16.8.64 4.0 5.0 1.7 16.o 9.7 
10.10.64 4.0 5.7 3.3 6.3 20.7 
28.10.64 8.7 3.0 5.0 8.3 18.0 
13.1.65 2.3 3.0 2.7 13.3 10.0 
17.4.65 19.3 20.0 4.3 61.7 12.7 
1.6.65 25.o 17.5 9.3 19.5 75.5 

Table 11.  Numbers of mites per sample (40.5 cu. ems.) in 
experiment in glasshouse field. 

Date 	• 
) 
.Thionasin 10 
Rain excluded 

fallow 

p p m 
Rain exposed 
Fallow Cover crop 

Rain exposed 
Fallow' 

No Insecticide 

Cover crop 

28.4.64 7.0 4.3 8.7 10.7 7.0 
8.5.64 8.0 11.3 5.3 7.7 5.3 27.6.64 3.7 4.3 2.0 14.0 9.0 
16.8.64 2.3 1.7 0.7 6.3 8.7 
10.10.64 3.0 . 	3.3 1.0 7.0 7.3 28.10.64 4.o 3.3 1.3 6.3 10.7 
13.1.65 2.0 1.3 0.3 3.0  3.3 
17.4.65 1.7 2.0 1.3 4.0 11.0 
1.6.65 1.0 2.0 3.0 10.5 11.5 
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Table 12. Bioassay of thionazin using 6 day old F. cavicola 
at 250C to determine residues in soil. 

Slope of line 	2.40 0.17 
LD50 	0.0030 T 0.0011 
Chi. sqh. 	8.01 
D.F. 

Estimate of sample taken 11.6.65 (diluted x 10), 

% kill 	Probit Insecticide cone. Mean 

Rep. 1 38.9 4.72 0.0023 
Rep. 2 35.7 4,63 0.0021 0.0022 
Rep. 3 38.0 4.69 0.0022 

Corrected mean concentration = 0.022 p p m. 

Table 13. Bioassay of Phorate using 6 day old F. cavicola 
at 2500 to determine residue in soil. 

Slope of line 2.46 ..T. 0.18 
LD50 0.0069 T 0.02 
Chi. sq. 22.78 
D.F. 4 

Estimate of samples taken 11.6.65 (diluted x 10). 

% kill 	Probit 	Insecticide cone. 	Mean 

Rep.1 82.9 5.95 0.0127 
Rep. 2 80.7 5.87 0.0109 0.01057 
Rep. 3 61.5 5.29 0.0081 

Corrected mean concentration = 0.1057. 
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Effect of Insecticides on Weed growth. 

Observations were made on the effects on weeis of the insecticide 

treatments in the main field experiment. 

3 species of weeds were dominant on this site. 

Spergula arvensis (L.) 

Polygonum persicaria (L.) 

Chenopodium album (L.) 

One month after treatment of the plots,weed numbers were 

estimated by counting the plants in a 4" wire square, throwi, 3 times 

at random into each plot. The plants counted were those with crowns 

within the square. 

Table 14 shows the numbers of weeds per square foot as affected 

by the phorate, thionazin and menazon treatments. 

Table 14.. Numbers of weeds(per square foot) in plots treated 
with phorate, thionazin and menazon at 10, 50 and 
250 p p m. 

S. arvensis P. Tersicaria C. album Totals 

Control untreated. 110 62 8 180 
• Phorate 10 ppm. 109 72 15 - 	196 

50 ppm . 41 53 13 107 
250 ppq 4 30 0 34 

Thionazin 10.ppm. 75 4.5 8 128 
50 ppm. 25  50 .4 79 • 
250 ppm. 3 5 2 10 

Menazon 10ppm. 151 514- 15 220 
50 ppm. 96 83 3 182 
250 ppm. 63 34 2 99 



Plate 8,.;. The growth of creed; in untreated and "Zinophos" 252.ip - p'm 

treated plots in the main field experiment iri October 1963.,. 
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123. 

All the insecticides reduced weed numbers according to the 

concentrations applied. Thionazin at 250 p p m severely restricted 

germination and growth of all species(plate 8) and was the most 

phytetexio of the three chemicals. Menazon was the least harmful 

apart from an anomalous effect on P. persicaria when used at 10 p p m. 
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