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ABSTRACT 

Thionazin applied as a single dip to narcissus and tulip 

bulbs infected with Ditylenchus dipsaci caused a great reduction 

in the nematode population after the first growing season, but 

the population re-established itself in bulbs left down for two 

growing seasons. 

Thionazin persisted in narcissus bulbs in gradually decreasing 

amounts for about six months during which time the nematode 

population declined gradually and bulbs were protected against 

further invasion. 

Nematodes migrated from treated bulbs in numbers which were 

proportional to the bulb population and re-invaded when the compound 

had been metabolised. 

The application of a drench during the first spring following 

dipping enhanced protection, and was particularly effective on 

sandy acid soils where the stability of thionazin is high. 

Combined treatments of thionazin with hot water treatment 

improved nematode control but a few nematodes still survived from 

heavily infested bulbs and increased in the second growing season. 

Observations on the effect of thionazin on D.dipsaci "in vitro" 

revealed that while there was no mortality unless the period of 

exposure was greatly extended, thionazin had a rapid effect on 

nematode activity causing a reduction in the rate of movement which 

was greater at higher concentrations and exposures. 	When returned 
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to water D.dipsaci recovered normal activity the recovery 

being slower with greater inhibition. 	A similar reduction in 

activity after exposure to thionazin was observed in Aphelenchus  

avenae and Panagrellus redivivus. 

Onion seedlings were protected against invasion by D.dipsaci  

by as little as 0.1 ppm thionazin, and the rate of invasion reflected 

the rate of movement after treatment in thionazin. 

Observations on the feeding of A.avenae in the presence of 

thionazin revealed a rapid disruption of the co-ordinated feeding 

process leading to inhibition of feeding which demonstrated that 

thionazin has a contact action. 
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GENERAL INTRODUCTION 

The main object of this thesis has been to determine how 

the organo-phosphorus compounn thionazin (0-0 diethyl 0-2 

pyrazinyl phosphorothioate) controls the stem nematode Ditylenchus  

dipsaci (Kiihn) Filipjev in narcissus and tulip bulbs, and to 

expain why the compound has failed to provide adequate control in 

narcissus. bulbs when used commercially. 

Thionazin (also known as Nemafos, Zinophos, Cynem and E.N. 

18133) is a liquid with a solubility in water of 0.1 percent at 

25°C, and was discovered in 1956 at Cyanamid's Stamford laboratory. 

In 1964 it was introduced to the bulb industry in England as an 

alternative to the hot water treatment (HWT) which has been the 

standard treatment for about 50 years. 

Purnell (1963) outlined the reasons for the inadequacy of the 

HWT and initiated the search for an alternative means of nematode control. 

He noticed that thionazin, although apparently ineffective in laboratory 

tests where nematodes were exposed to the compound "in vitro", when 

applied as a cold water dip effectively reduced the nematode 

population in infected narcissus bulbs. 

Oliff (1965) then proceeded to investigate the biological 

effects of thionazin on nematodes and found that while "in vitro" 

exposures had little effect on plant parasitic nematodes, a free 

living species, Turbatrix aceti was markedly affected suggesting 

the need for ingestion of the compound for it to become nematicidal. 
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When the fungal feeding species 	Ditylenchus myceliophagus  

and Aphelenchus avenae were placed on plates of fungus (Agarius  

campestris and Fusarium oxysporum respectively) growing on 

potato dextrose agar, which had been impregnated with low amounts 

of thionazin, development of the nematode population was severely 

affected, thus enhancing the idea that ingestion is required. 

Similarly, when infected narcissus and tulip bulbs were dipped 

in thionazin excellent results with 99 percent control of the 

nematodes were obtained. 

Thionazin was introduced to the bulb market because of the 

excellent nematode control demonstrated by Oliff (1965) and 

the lack of phytotoxicity. 	However, under commercial growing 

conditions, thionazin has failed to control D.dipsaci in infested 

stocks of narcissus, although in tulips despite slight phytotoxicity, 

thionazin has been successful, and is now an accepted means of 

nematode control, HWT being too damaging. 

One of the fund4mental problems in the search for a 

nematicide is our lack of kndwledge of nematode physiology and 

biochemistry, and this has led to the use of nematicides 

discovered during routine screening of miscellaneous compounds 

without prior knowledge of their mode of action. 	Although 

organo-phosphate compounds are generally assumed to operate by 

inhibition of cholinesterases, leading to death, and although 

such enzymes have been identified in nematodes (eg. Mellanby 

1955; Rohde 1960; Lee 1964; Sanderson 1968 etc.) there is still 

Insufficient knowledge of the neurophysiology of nematodes to 
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assume that the effect will be the same as in other animals. 

Moreover, the apparent ineffectiveness of certain compounds 

"in vitro" which, based on the above assumption should have 

been toxic, gave rise to the suggestion that the nematode 

cuticle acted as a barrier protecting non-feeding nematodes. 

In this study, experiments were orientated towards 

elucidating the effect of thionazin on the behaviour of nematodes-

activity, reproduction and feeding being the aspects considered. 

From such observations it was hoped that the mode of action could 

be deduced. 

The work is divided into three experimental sections, and 

in each a different aspect of behaviour was examined. 

In the first section the behaviour of populations of D. 

apsaci in narcissus and tulip bulbs was studied by observing.  

changes in the nematode population in both bulbs and soil. 

Since the parasite usually occurs in the fleshy scale leaves of 

the bulb, observations on activity and feeding were not possible 

without causing damage to the host. 

In the second section observations on the activity of the 

nematodes "in vitro" were made; two- other species, Aphelenchus -

avenae,and Panagrellus redivivus were included to see whether 

different nematodes respond in the same way since Oliff (1965) 

had suggested that the free living species were more susceptible 

during "in vitro" exposures. 	The validity of some standard 

"in vitro" assay techniques was questioned. 



In the third section the behaviour of treated nematodes 

in the presence of a host was observed. Onion seedlings were 

used as host for D.dipsaci to determine how invasion and 

reproduction of the nematodes was affected. Observations on the 

effect of the compound on feeding behaviour were done on A.avenae  

feeding on fungus, and on P.redivivus. Such observations were 

required in order to substantiate the view that death is due to 

ingestion of the compound. 

8 
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INTRODUCTION 

Webster (1962), referring to the failure of HWT to' 

control D.dipsaci in narcissus bulbs stated that ".... a lack 

of understanding of the biology of the eelworm, has been a 

major obstacle to the improvement of control". 	However, the 

inadequate control obtained with thionazin under commercial 

growing conditions, can no longer be attributed to such a lack 

of knowledge, because the biology of D.dipsaci has since been 

well reported (Webster 1962), but rather to insufficient 

consideration of the behaviour of nematodes under treatment. 

Experiments were thus designed bearing in mind the possible 

effects of thionazin on the behaviour of the nematodes with a 

view to determining why complete control was not achieved, and 

how it could be improved. 

Possible reasons for the failure of thionazin: 

(i) Limited persistence in bulbs  

The use of thionazin to control plant parasitic nematodes 

has been widely reported (eg. Motsinger 1961, Cooper and Sasser 

W62, Slootweg 1963, Zuckerman 1964, Kaai 1967, Hesling 1967a etc.). 

In most cases good results were obtained, but usually some nematodes 

survive,• and then build up again. 	A plausible explanation for the 

inadequate control could be that thionazin persists for a limited 

period during which it can exert an effect, but after which any 

survivors can reinvade. 	Experiments were thus performed to 



12 

investigate the effectiveness of thionazin in reducing populations 

of D.dipsaci in infected bulbs, and protecting them against further 

attack. 	In most experiments nematicidal efficacy was evaluated after 

one growing season; a technique used by both Purnell (1963) and Oliff 

(1965). 	Since commercial bulb growers in England traditionally crop 

narcissus bulbs on a two year basis, it was decided to include a two year' 

evaluation in some narcissus experiments. 

(ii) Survival of fourth stage larvae - their migration and reinvasioP 

If Oliff's (1965) assumption that nematodes must ingest thionazin 

for it to be effective is correct, it may be supposed that the non- 

feeding fourth stage larvae occurring on the outer scales and basal 

plate ("eelworm wool") of heavily infested narcissus bulbs would be 

unaffected by the treatment. 	In his experiments, Oliff (1965) had 

eliminated soft, or obviously diseased bulbs, but under commercial 

growing conditions infested stocks are not sorted prior to treatment, 

therefore, bulbs containing non-feeding stages would be included. 

When such bulbs are planted, the nematodes on the outside of the bulbs 

may enter the soil and remain th6re until the compound has been 

metabolised. They can then reinvade, thus causing a build up in the 

nematode population in the second year, which may be the reason for 

the failure of thionazin to control D.dipsaci in some commercial 

stocks. 

The ability of nematodes to migrate from treated bulbs and 

reinvade was thus investigated. 
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(iii) The effect of soil type  

It has been observed, over a few years, that field trials 

using thionazin done at Ashurst Lodge produced generally better 

control than similar treatments done in the traditional bulb growing 

areas (Lincolnshire). The soil type at Ashurst Lodge is a sandy acid 

loam, while in Lincolnshire it is an alkaline heavy clay, and there is 

evidence (Getzin and Rosefield 1966; Pain and Skrentny 1969) that 

differences in pH and clay content of soil could be a significant 

factor contributing to poorer protection in clay soils. Thus, the 

possibility existed that the discrepancy between Oliff's (1965) good 

results, and the poorer results obtained in practice, could have been 

due, at least partly, to differences in soil type. 	Since a large 

part of the bulb growing industry is in Lincolnshire, it was necessary 

to consider the effect of soil type on the degree of control. 

(iv) The time of treatment  

Wallis (1969) reported that an early treatment of narcissus bulbs 

with thionazin will produce fewer spikkels and higher numbers of bulbs 

will survive. 	Den Ouden and Kaai (1963) applied thionazin to infested soil 

at different times to control Heterodera rostochiensis on potatoes and 

D.dipsaci on onions. 	In both cases the earliest application gave the 

best, control, probably because the nematodes were prevented from 

invading by the early treatment, but once inside they were more difficult 

to kill by the later treatment. 

An early treatment has thus been considered advantageous since it 
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prevents further invasion, or in the case of stored bulbs, massive 

build up during storage. 	In view of this, bulbs are usually dipped soon 

after lifting during their dormant period at which time the metabolic 

activity of the bulb is low. 	If thionazin is metabolised by plants, 

changes in the rate of metabolism which will occur by the time of the 

growing period may affect its breakdown; and since the effect of 

metabolism of the compound on the nematode population is not known it 

was decided to investigate how time of treatment affects the population. 

Determinations were also made of the rate of degradation of thionazin in 

the bulbs. 

Attempts to improve the thionazin dip treatment  

Various combined treatments of thionazin and HWT were attempted in 

order to improve the nematode control. 

The disadvantages of HWT are that not all nematodes are killed at 

temperatures which do not damage the flowers. 	However, if a low HWT 

were applied when the bulbs were lifted, it would be possible to reduce the 

population without causing much flower damage; thionazin could then be 

applied just before planting. 	The effect of applying an early thionazin 

treatment and following it by another thionazin dip before planting was 

also investigated. 	If the major factor preventing adequate control 	is 

associated with the fourth stage larvae on the outside of heavily infested 

bulbs being resistant, combinations with HWT would probably not improve 

control since fourth stage larvae can survive HWT (Woodville and Morgan 

1962; Woodville 1963). 
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Formaldehyde and chlorobromopropene which have been shown to 

be excellent contact nematicides (Purnell 1963) were added to the 

thionazin dip in order to kill the fourth stage larvae on the outside of 

the bulb. 
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SECTION 1 	MATERIALS AND METHODS 

a) Bulbs  

Naturally infested stocks of narcissus and tulip bulbs were 

used in all experiments. The condition of the bulbs was checked 

as they were received and classified as "light" if most bulbs were 

hard and capable of growth, and "heavy" if some bulbs were soft or 

had produced " eelworm wool". 	A stock of bulbs classified as light 

when received in August was often heavily infested by October, due 

to the rapid multiplication of the nematodes during this period. 

(Winfield and Hesling 1966). 	Soft bulbs were eliminated in some 

experiments but in others stocks were unsorted in order to simulate 

conditions in practice. 	"Eelworm wool" was collected from the bulbs 

and stored at 10°C for experimental purposes. The following stocks 

of bulbs were available: 

1) 1966 - A lightly infested stock of narcissus variety 	Carlton 

2) 1967 - A heavily infested stock of narcissus variety Verger 

A heavily infested stock of tulips variety Copeland 

A lightly infested stock of narcissus variety Carlton 

A "clean" stock of narcissus variety Carlton 

3) 1968 - A lightly infested stock of narcissus variety Fortune 

4) 1969 - A heavily infested stock of narcissus variety Golden 
Harvest 

A lightly infested stock of narcissus variety Calton 

A clean stock of narcissus variety Carlton 
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Experimentally, there were disadvantages in using naturally 

infested bulbs. The infestation is not evenly dispersed, and each 

bulb harbours a variable number of nematodes. Hesling (1967b) 

detected an 11 percent infection in a naturally infested stock 

by slicing the bulbs and noting brown ring symptoms. However, 

some bulbs showing symptoms had no nematodes and 23 percent of 

the apparently non-infested bulbs were contaminated. Ideally, 

equal numbers of nematodes per bulb are required; Webster £1962) 

inoculated clean bulbs with a nematode suspension, but it was 

not practicable to inoculate large numbers of bulbs, and the 

infected bulbS would not be available until the following season. 

Hesling (1967c) found the infection resulting from inoculation 

was still variable and obtained the least variable distribution 

by growing bulbs in artificially infested soil. 

Despite the disadvantages, it was more convenient to use 

naturally infested stocks; the problem of variability was 

partially overcome by using batches consisting of large numbers 

of bulbs picked at random. A rough idea of the proportion 

infected was obtained by slicing transversely and noting brown ring 

symptoms. 	Sufficient bulbs were then used to ensure a number of 

infested ones were included. 	Replication was twofold in most 

experiments. 
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The distribution of nematodes in a sample of 50 bulbs  

A detailed examination was done on 50 bulbs, taken at 

random from the heavily infested stock of Verger received in 1967, 

to determine how accurate the method of noting brown ring symptoms 

is for estimating the extent of an infestation, and to measure the 

amount of variation in numbers of nematodes between bulbs. 

Each bulb was sliced transversely, just below the neck, and 

nematode symptoms noted. The bulbs were divided into four classes: 

1) apparently clean, 2) slight symptoms, 3) definite brown rings, 4) 

rotten. Each bulb was then chopped up, and nematodes extracted 

for 24 hours on the modified Seinhorst mistifier, as described on 

page /4 • 

Results 

Table 1 
Number of bulbs per class after slicing and  

noting symptoms  

Class Number of 
bulbs 

apparently clean. 	32 

slight symptoms 
	

7 

definite brown rings 	10 

rotten 
	 1 

The examination of the bulb symptoms (table 1) suggested a 

36 percent infection, but extraction of the nematodes (table 32 
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in appendix) revealed 90 percent were contaminated. The "symptoms" 

method is therefore not very accurate since many apparently clean bulbs 

harboured nematodes, which probably accounts for the rapid deterioration 

of stocks during storage. Most of the apparently clean bulbs, 

however, had less than 100 nematodes, and since only 32 percent of the 

whole sample had more than 100 nematodes, the"symptoms" estimate is 

still useful. 

Considerable variation in the number of nematodes per bulb was found 

throughout the sample (see fig.1), and even within classes of bulbs, 

particularly in those which were apparently clean ( see fig. 2). 

Thus, although the number of nematodes per bulb is variable, 

many of the bulbs are contaminated, therefore, batch sizes of ten 

or more bulbs should contain sufficient numbers of infected bulbs for 

experimental purposes. 
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b) Treatments 

• Procedure for thionazin treatments  

The thionazin dips were done in glass fibre tanks, with a 

capacity of 200 litres. 	Concentrations of up to 5000 ppm 

thionazin were used, although most treatments were done at the 

commercially recommended rate of 2500 ppm for 21 hours (Oliff 

1966). Thionazin was added to water in the tank as a commercial 

46 percent emulsifiable concentrate ( a formulation containing 10 

percent Triton X100, 35 percent xylene, 5 percent propylene glycol), 

or it was formulated from the technical product (92 percent xylene or 

acetone. 

The bulbs were placed in nylon net bags and suspended in the 

dip, which was stirred with a 220/240 volt Stuart Turner pump. 

After treatment, the bulbs were removed and allowed to drain, and 

the dip neutralised with bleaching powder before dipposal. 	A fresh 

dip was prepared daily to avoid any loss in strength, due to 

degradation. 

Procedure for combined treatments  

1) Hot Water Treatment  

The HWT was done in one of the tanks used, and described 

by Purnell (1963). 	Treatments were at 43.3°C  and 44.4°C for three 

hours. 	Since the HWT was to be combined with a thionazin treatment, 

no additives were used in the HWT tank. 

2) Formaldehyde was added to the thionazin dip in one of the 1967 
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experiments as 40 percent formalin, at a concentration of 0.5 

percent (Purnell 1963)- 

3) Chlorobromopropane (CBP) was used both alone and in 

combination with thionazin. When used alone, an emulsifiable 

concentrate was formulated with 55 percent CBP, 25 percent Triton 

X100 and 20 percent xylene; but when combined with thionazin, CBP 

was incorporated into the thionazin formulation, prepared from 

technical thionazin, xylene, and Triton X100. The dip was to 

contain 2500 ppm thionazin and 400 ppm CBP, so the formulation 

was prepared keeping the two chemical in the correct proportions. 

c) Planting  

"Pot" experiments  

In some of the 1967 experiments, the bulbs were planted in 

9" x 14" x 3" high wooden seedboxes with 25 or 50 bulbs to each 

box, depending on the size of the bulbs. 	In later experiments,• done 

between 1967 and 1970, where the number of nematodes in the bulbs and 

soil was under investigation, 9" plastic pots were used. 	The seedboxes 

were considered less suitable as the, soil tended to dry out rapidly - 

Wallace (1959) showed nematodes depend on water films to move so the 

dry conditions would impede their normal behaviour. 	In the seedboxes, 

the necks of the bulbs were exposed, thus invasion, which Webster (1962) 

has shown to occur via the soil, probably through the young leaves as 

they pass through the soil, would be prevented. Ten or twelve bulbs 
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were grown in each pot, completely covered with a known volume 

of soil. 

The soil used in the pot experiments was sterilized by beat 

treatment at 82.2°C and checked for the presence or absence of 

D.dipsaci prior to use. 	In all pot experiments a potting mixture 

consisting of three parts loam, two parts sand, one part peat was 

Used, except in experiment c Section 3 (page 52 ) where a heavy clay 

soil from Wisbech was also used. 

Field experiments  

The field experiments were done in Church field at Ashurst 

Lodge, in a light sandy acid soil (Bagshot sand). 	The bulbs were 

planted four inches apart in furrows, and completely covered with soil. 

d) Examination  

Nematodes in bulbs  

The technique for estimating the number of nematodes in batches 

of bulbs was the same throughout. The bulbs were lifted and washed 

to remove all soil particles. Washing was of particular importance 

for experiments on migration where the nematodes in the bulbs were 

to be compared with those in the soil. 	The roots were removed, and 

the bulbs chopped into small pieces about one cm. square, although 

Webster (1962) found the actual size chopped pieces did not affect 

the numbers of nematodes recovered. 	In some experiments a note 

was made of the condition of the bulbs, that is, whether they looked 
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clean, had brown rings, or were rotten. The chopped bulbs were 

mixed thoroughly, and the total volume noted, before two 300 ml 

samples were taken for extraction of nematodes, except in experiments 

a and b section 3 (page 45), where the total chopped bulb material 

was extracted. 	In other experiments where the total nematode population 

in the bulbs was required, it was impracticable to extract all the 

chopped bulb material, thus the mean nematode count from 300 ml 

samples was multiplied by the relevant factor to estimate total 

population numbers. 

Nematodes were extracted on the modified Seinhorst mistifier 

(Sturrock 1961) for 24 hours. The resulting nematode suspension 

was collected in one litre beakers and concentrated for counting 

by being poured through a 350 mesh (45 micron) sieve, on which the 

nematodes were retained, and from which they were rinsed into 150 ml 

beakers (as described by Oliff 1965). When the nematodes had settled, 

the supernatant water was drawn off, and the nematodes were counted. 

Nematodes in the soil  

When the bulbs had been removed, the soil was emptied into• 

a,clean bowl, and mixed thoroughly. 	The volume of soil was noted, 

and nematodes were extracted for 24 hours from two 300 ml. samples 

on Whitehead trays(Whitehead and Hemming 1965). 	The nematode 

suspension was poured into one litre beakers, and concentrated for 

counting as for the bulb samples. 	In these cases where the total 

soil population was required, the mean of two 300 ml. samples was 

multiplied by the revelant factor to obtain an estimate of the total 
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soil population. 

e) Analysis of thionazin in bulbs  

Bulbs to be analysed were chopped up, and stored in the deep 

freeze to break up the cells prior to extraction. Fifty grams 

of the bulb material were placed in a glass jar with 200 ml. of A 

.solvent mixture consisting of eight parts benzene, one part hexane, 

and one part acetone, and 50 gms. anhydrous sodium sulphate to absorb 

the water. The mixture was homogenised for 15 minutes using an 

M.S.E. High Speed Homogeniser. Any solvent lost by evaporation 

during this process was made up and the jar tightly capped and 

allowed to stand for 24 hours. The supernatant was decanted 

into small bottles, and stored in a refrigerator until analysed on 

a Varian Aerograph 1200 gas-liquid chromatogram. 



27 

SECTION 2 	THE EFFICACY OF THIONAZIN IN NEMATODE 

CONTROL 

a) The effect of thionazin applied at three rates to infected 

narcissus bulbs (1967 - 1968) 

The aim of this experiment was to determine the effectiveness 

of a single thionazin dip in reducing population numbers after one 

growing season, and to see whether concentration affects the degree 

of control. 

Experimental  

The thionazin dips were prepared from the commercial formulation, 

and the treatments were done at 1250,2500 and 5000 ppm thionazin for 

21 hours. 	Two varieties of narcissus, a heavily infested stock of 

Verger, and a'lightly infested stock of Carlton, were sorted to remove 

obviously diseased bulbs; batches of 50 Verger and 25 Carlton were 

then used. 	The Verger were treated on the 11th October and planted 

at the end of the month, either in the field or in wooded seedboxes 

which were kept out of doors. 	The Carlton, treated on the 21st 

November, were planted in the field on the 29th November. 	Flower  

counts were taken during the spring of 1968 and in June, the bulbs 

were lifted for nematode counts. 	The number of nematodes in the 

soil was determined for the box experiment. 

Results  

The nematode counts, number of flowers, and total volume of chopped 

bulb material are shown in table 2. 	Good control was obtained with 



Table 2  

Nematode counts per 300 ml chopped bulb material, number of healthy flowers  

and total volume chopped bulb material after infected narcissus bulbs were  

dipped in three concentrations of thionazin. 

Conc. 
ppm 

Box experiment 
nematodes 

bulbs 	soil fls 

VERGER 

bulb 
vol-ml 

Field experiment 
bulb 

nems 	fls 	vol-ml 

CARLTON 
Field experiment 

bulb 
nems 	fls 	vol-ml 

0 a 17150 31 21 1100 0 26 700 1968 28 4600 
b 17300 77 24 1800 1 25 700 9336 33 4200 

1250 a 0 2 35 3500 1 33 1700 0 31 4500 
b 4 1 32 3600 4 24 1700 3 36 5100 

2500 a 2 9 28 3600 21 33 2000 1 33 4200 
b 0 1 37 3600 0 30 2000 14 32 3800 

5000 a 2 0 31 3100 0 30 2100 1 28 3600 
b 1 0 33 3200 1 29 1600 1 32 3700 



all treatmentg, but in no case were the nematodes entirely eliminated. 

The surprisingly low nematode count obtained for the Verger controls 

in the field experiment was due to the heavy nematode infestation 

destroying the bulbs before lifting time. Plant parasitic 

nematodes are unable to survive in rotting plant tissue and either 

died or migrated into the soil. 	The effectiveness of the treatment 

in the Verger is also seen in the improved flower counts, although 

in the Carlton there was no difference in flower counts between 

treated and control bulbs, probably because the initial infestation 

was light enough not to affect flower production in the first year. 

b) The effect of thionazin applied at three rates to infected  

tulip bulbs (1967 - 1968)  

The procedure in this experiment was as described in the 

previous for narcissus except that the duration of the dip was 

two not 21 hours. Batches of 50 bulbs, variety Copeland were 

treated on 11th October and planted at the end of the month in 

wooden seedboxes.and in the field. 	In another experiment, the 

same infested tulips were treated on the 21st November and 

planted in the field on 29th November to coincide with the 

Carlton in the previous experiment, and to allow comparison 

between an early treatment and one after the nematode population 

had been allowed to increase during storage. 
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Table 3  

Nematode counts per 300 ml chopped bulb material, number of healthy 

flowers and total volume chopped bulb material after infected tulip 

bulbs were dipped in three concentrations of thionazin. 

Conc. 
ppm 

Early experiment 

Box experiment 
nematodes 	bulb 

bulbs 	soil 	fls 	vol-ml 

Field experiment 
bulb 

nems 	fls 	vol-ml 

Late experiment 

Field experiment 
bulb 

nems 	fls 	vol-ml 

0 a 489 43 4 2700 339 49 2400 18194 '44 2100 
b 383 35 35 2600 385 53 2700 2113 45 2700 

1250 a 1 0 12 2500 5 48 2600 1 44 2500 
b 12 0 15 2500 1 49 2200 590 44 2700 

2500 a 44 0 11 2600 10 41 1750 5 33 2100 
b 3 9 15 2000 20 38 2000 0 35 2300 

5000 a 2 0 4 2400 3 28 1600 0 14 1100 
b 1 1 13 2600 0 35 1600 1 17 1500 
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Results  

The nematode counts, number of flowers and total volume 

of chopped bulb material are shown in table 3. The nematode 

population was greatly reduced by all three concentrations, but 

there was some phytotoxicity particularly in the higher 

concentration. There was no difference in the degree of nematode 

control between the early field and box experiments but higher 

nematode counts were obtained in the late field experiments; the 

control, in particular had a higher count indicating that planting 

may slow down the population growth. The high count obtained at 

1250 ppm thionazin in the late field experiment could also be due 

to the higher initial population. The reduced flower counts in 

the box experiments may have been caused by the cramped conditions 

or by the high incidence of the fungus Botrytis tulipii (Tulip 

fire). The fungus may also explain the variable flower counts 

obtained for the controls in boxes since neither the nematode 

counts nor the bulb volume were affected. 

c) The effect of thionazin used both as a dip and a drench on  

invasion by D.dipsaci (1967 - 1970). 

In this experiment, narcisuss bulbs were treated in thionazin 

and planted into infested soil to determine how much protection was 

provided by a single dip. Since thionazin is probably metabolised 

after about six months (Hesling 1967a), a drench was applied during 

the first spring after planting to see whether protection is 
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enhanced. The amount of reinvasion due to survivors from 

previously infected bulbs was also investigated. 

Experimental  

The experiment was done in plots, four feet square, which 

had previously supported heavily infected narcissus bulbs, and 

there was consequently a high infestation in the soil due to 

migration (Webster 1962). In June 1967, a few months before 

the plots were to be used, the bulbs growing there were lifted. 

Nematode counts from the bulbs in each plot, taken per 130 ml. 

chopped bulb material, ranged from 3,500 to 100,000, while 

estimates of nematodes in the soil of each plot varied between 

25 and 1,000 per 500 gms. soil. 	According to Seinhorst (1956), 

ten nematodes per 500 gms. soil caused serious damage to onions, 

and 25 per 500 gms. left no healthy plants. Hesling (1966) also 

found that less than ten nematodes in 500 gms. soil attacked a 

high percentage of narcissus bulbs. 	Thus the soil infestation 

was heavy enough, even at the lowest density to lead to a high 

invasion. 

Three duplicate treatments were done on batches of 50 bulbs from 

both a "clean" and an infected stock of narcissus, variety Carlton. 

Both clean and infected stocks were used to compare the invasion 

originating from the soil with that contributed by survivors from 

the infected bulbs. 	The treatments consisted of : 1- a thionazin 

dip at 2500 ppm for 21-hours in December 1967; 2- a thionazin 
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drench in which 8000 ppm thionazin was applied to the soil at a rate 

of 900 gals./ acre (Oliff 1965) in April 1968; 3- a combination of 

1 and 2. A control in which bulbs received no treatment was 

included from both "clean" and infested stocks. 

The bulbs were planted on 22nd December 1967 and treatments 

were evaluated after one and two growing seasons, on 20th June 1968 

and 15th April 1969 respectively, by taking ten bulbs from each 

plot at random, and determining the number of nematodes per 300 ml. 

chopped bulbs. Flower counts were taken in the spring of 1969 

and 1970. 

Results  

The nematode counts and number of flowers are shown fully in 

tables 33&34(appendix) and the treatment effects are illustrated 

in figs. 3 and 4. 

The lowest nematode counts were obtained from bulbs which 

had received both a dip and a drench, the high degree of protection 

persisting for at least two years in both "clean" and " infected" 

bulbs. 

Bulbs which had received-a single dip were also protected, 

but the protection was not complete and the number of invading 

nematodes rose in the second year. However "clean" bulbs which 

had a single dip had lower nematode counts after the first growing 

season than " infected " bulbs similarly treated, but not after the 

second. 
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Fig. 3  

The effect of thionazin used both as a  

dip and drench on invasion by D.dipsaci 
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There was some protection in "clean" and " infected" 

bulbs which were only drenched, with the effect persisting 

for two years and little difference between the two stocks 

of bulbs. The individual nematode counts were however 

more variable than those of other treatments ( table 33 

appendix) and the extremely low count in replicate b of 

the drenched "clean" bulbs remains unexplained - the bulbs 

growing previously on that plot ( table35 appendix) had a 

count of 24,000 nematodes per 130 cc which means the soil 

should have contained a very heavy infestation. 

The severity of the attack to which all bulbs had been 

exposed is apparent in the untreated bulbs where both "clean" 

and "infected" bulbs were destroyed after two years; the drop 

in nematodes in the second year evaluations was due to the 

. destruction of the bulbs. 

In this experiment, the nematode counts were obtained 

from an equal number of bulbs, taken randomly from each plot, 

and give information only on the extent to which invasion 

occurred. Since the nematode counts do not indicate the effect 

on the total bulb production or destruction, flower counts are 

useful in indicating the net effect. 

The persistent effect of the combined dip and drench 

treatment is reflected in the increased flower production. 	In 

all other treatments, there. is a drop in the number of flowers, 

except in the "clean" drenched bulbs. 
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The relationship between nematode counts and number of 

flowers is shown in fig.5. Since high flower counts are 

associated with low nematode counts, it is probable that the 

increased flower production in the third year, in the plots where 

the bulbs were dipped and drenched, is accompanied by a marked 

reduction in the number of nematodes, a high degree of control 

persisting until then. 
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d) Migration and reinvasion by D.dipsaci from thionazin 

treated narcissus bulbs (1969 - 1970)  

Experimental  

Heavily and lightly infested narcissus bulbs variety Carlton 

were dipped in 2500 ppm thionazin for 21 hours on the 25th September 

and used for the source of the infestation ("source bulbs"). 

On the 14th October, four "source bulbs", enclosed in a Netlon 

bag, were placed in the centre of a nine inch plastic pot containing 

sterilised soil. 	Six "clean" bulbs ("target bulbs") were arranged 

around the "source bulbs" and completely covered with more soil. 

Three combinations of bulbs were used, each with a contfol (C) in 

which the"source bulbs" were not treated: 

Number 	"Source bulbs" 	"Target bulbs" 

1 	Lightly infested, treated 	Clean, untreated 

1C 	 untreated 

2 
	

Heavily infested, treated 

2C 
	

' untreated 

3 
	

Lightly infested, treated 	Clean, treated 

3C 	 untreated 

Replication was fivefold, and two pots of ten "clean" bulbs 

were grown to check the presence or absence of D.dipsaci in the 

stock. 	In September 1970, the bulbs were lifted and their condition 

was noted by slicing transversely and observing brown ring symptoms. 

Nematodes were extracted from the "target bulbs" and fron the soil. 
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Results  

The "clean"bulbs grown alone in sterilised soil were free of 

D.dipsaci so that any nematodes in the "target bulbs" must have 

originated from thellsource bulbs". 	The number of nematodes 

recovered from the "target bulbs" and soil are shown in table 4 . 

Migration and reinvasion occurred whether the "source bulbs" were 

treated or not, although higher infestations were found in "target 

bulbs" associated with untreated "source bulbs". 

The relationship between the bulbs and soil is shown in fig.6 

It is clear from the regression line that where the effect of the 

treatment caused a reduction in migration, there was a corresponding 

reduction in invasion. 	In those cases where the "target bulbs" 

had been treated, not only were the Numbers invading lower, but 

the soil population was also reduced. 

Reference to the percentage "target bulbs" which were apparently 

clean when sliced transversely (table 5 ) shows more clearly the 

extent of infestation. 	In all cases where the "source bulbs" 

were treated almost 100 percent of the "target bulbs" looked clean, 

whilst 50 percent of the "target bulbs" growing with untreated "source 

bulbs" had brown rings, except when the "target bulbs" were also 

treated. 	The effect of treating the "target bulbs" was not onl.y to 

reduce the soil population, but also to reduce the deterioration of 

the infested "source bulbs" (table 6 ). 



Table 4 

Total number of nematodes from "target bulbs" growing in 

sterilised soil with treated and untreated "source bulbs", 

and total number of nematodes in the soil 

Number 	Replicate 	Nematodes in "target bulbs" and soil 

Treated 	Untreated (C) 
"source bulbs" 

	"source bulbs" 
bulbs 	soil 	bulbs 	soil 

1 	a 	119 	66 	2300 	945 

b 	27 	91 	896o 	390.5 

c 	53 	174 	2200 	815 

d 77 	84 	2250 	261 

e 4 	78 	2580 	506 

mean 	56 	99 	3658 	583.5 

2 	a 	73 	258.5 	405 	709 

b 	78 	55 	875 	2514 

c 	278 	55 	359 	478 

d 98 	88 	83o 	148 

e 125 	156 	72 	704 

mean 	130.5 '122.5 508.2 910.6 

a 	4 	77 	8o 	6o 

b 
	

47 	104 	340 	847 

	

43 	33 	43 	192 

d 
	

20 	30 	1160 	216 

e 
	

1 	11 	96 	145 

mean 	23 	51 	344 	292 
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Table 5 

Percentage "target bulbs" which were apparently clean 

after slicing transversely and noting nematode symptoms  

Number 	Percentage "clean" "target bulbs" 
(see page 38 ) 	

Treated 	Untreated 
"source bulbs" 	"source bulbs" 

1 94 47 

2 97 46 

3 98 88 

Table 6 

Percentage "source bulbs" which were apparently clean 

after slicing transversely and noting nematode symptoms  

Number 	Percentage "clean" "soutce bulbs" 
(see page 38 ) 	

Treated 	Untreated 
"source bulbs" 
	

"source bulbs" 

29 7 

38 7 

42 12 
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• e) The viability of nematodes extracted from bulbs treated 

with thionazin (1969 - 1970) 

Experimental  

Batches of ten bulbs from a heavily infested stock of Golden 

Harvest were dipped in 2500 ppm thionazin for 21 hours on the 19th 

September and either planted in nine inch plastic pots on the 20th 

October using sterilised soil, or stored dry. An equal number of 

untreated batches were also planted or kept dry. The planted bulbs 

were kept in a heated greenhouse, and the dry bulbs in a shed at 

ambient temperatures. 

On the 5th December, 11 weeks after treatment, nematodes were 

extracted from ten treated planted bulbs, ten untreated planted 

bulbs, ten treated unplanted bulbs and ten untreated unplanted 

bulbs, About 1500 nematodes from each sample were exposed to 

ten onion seedlings in petri dishes ( as described in Part II,page 

94 ) for two weeks. The number of nematodes which invaded and the 

number of eggs produced were determined. 	Replication was twofold. 

Results  

The invasion potential, and egg production of nematodes extracted 

from treated bulbs was not affected (table 7 ). 	The low nematode 

counts in seedlings exposed to nematodes from untreated bulbs which 

were planted, were due to invasion by Rhabditids, which led to greater 

deterioration of the seedlings. 	Seedlings attacked by nematodes from 

treated bulbs were not invaded by Rhabditids, indicating that free living 

'V.v.... - 
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nematodes cannot survive in treated bulbs. 

Table 7 

Invasion and egg production by nematodes from treated and  

untreated narcissus bulbs which were planted or stored dry 

Replicate 	Treated bulbs 	Untreated bulbs 

number of number of number of number of 
nematodes eggs 	nematodes eggs 

Planted bulbs a 625 479 297 540 

b 554 695 489 807 

Unplanted bulbs a 579 613 668 656 

b 778 989 614 785 



SECTION 3 	SEASONAL CHANGES IN THE NEMATODE  

POPULATION 

Introduction  

It was apparent from the results of the previous section 

that thionazin is an effective nematicide, yet it was not clear 

how the nematodes were being eliminated, and why a few were able 

to survive the treatment then reinvade. Experiment d Section 

2 (page 37) demonstrated conclusively that migration of nematodes 

from treated bulbs occurs and that the• nematodes are able to 

reinvade by the end of the first year. 

In this section changes in the nematode population in the 

bulbs and soil were observed at frequent intervals after 

treatment to determine how the population was being reduced, 

and when migration occurred. 

a) Seasonal changes in the nematode population in narcissus  

bulbs treated with thionazin (1967 - 1968)  

Experimental  

Sixteen batches of ten bulbs from a lightly infected stock. 

of Carlton were dipped in 2500 ppm thionazin for 21 hours on 

17th October, and planted immediately after treatment on 18th 

October in nine inch plastic pots using sterilised soil. 	An 

equal number of pots containing untreated bulbs were prepared 

as controls.. The pots were kept in an unheated greenhouse, 

and at monthly intervals after planting for eight months two 
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pots of treated bulbs and two pots of untreated bulbs were 

taken and the total number of nematodes in the bulbs and 

soil determined for each pot. 

Results  

The monthly changes in the bulb and soil populations of 

treated and untreated bulbs are illustrated in fig.7; the 

actual nematode counts appear in table 36 (appendix). 

Bulb population  

The initial decline observed in the nematode population 

when untreated bulbs were planted was not expected. In April, 

at the height of the growing season, the population rose, but 

dropped ip May and rose again in June. 

The population in the treated bulbs was lower than the 

controls throughout, and declined gradually from November to 

the end of the growing season, with the exception of a peak 

in April which coincided with that in the untreated bulbs. 

The incidence of a peak at the same time in both treated and 

untreated bulbs indicates it was a seasonal effect, and not 

due to variation between samples. 

Soil population 

The soil counts, though lower than the bulb counts, 

followed a similar pattern. 	Fig.8 illustrates the relation-

ship between the bulb and soil populations, and shows that the 

density of nematodes in the soil is dependent upon the density 
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Seasonal changes in the bulb population in treated 

and untreated narcissus bulbs and in the soil. 
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in the bulbs. The same relationship exists in both treated 

and untreated bulbs there being no significant difference 

between the two regression lines, and thus, the decline in 

the bulb population caused by thionazin led to a corresponding 

decline in the soil population. 

b) Seasonal changes in the nematode population in tulip bulbs  

treated with thionazin (1967 - 1968) 

Experimental  

A similar procedure was adopted as in the previous 

experiment. 	Infested tulips, variety Copeland were dipped in 

2500 ppm thionazin for two hours on 17th October and planted on 

18th October. Sufficient pots were prepared to allow examination 

at monthly intervals for one year, but many of the bulbs were 

destroyed by rodents, and the experiment was therefore terminated 

after only four months. 

Results  

The nematode counts are shown in table 37 (appendix) and 

changes in the bulb and soil population for four months are 

illustrated in fig.9. 	It is difficult to conclude much from 

four months observations; the numbers in the untreated bulbs rose 

in January, while the population in the treated remained low 

throughout the period. 

As in the narcissus experiment, soil counts were lower than 
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The relationship between nematodes 
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the bulb counts, but followed a similar pattern. 	Fig.10 

illustrates the relationship between the bulb and soil population ; 

the regression lines show that the soil population in treated and 

untreated tulips varies according to the density of nematodes in 

the bulbs. There was no significant difference between the two 

regression lines and thus the same relationship exists for both 

treated and untreated bulbs, although the effect of thionazin 

was. to reduce the population in treated bulbs and soil. 

c) The effect of soil type on nematode control (1969 - 1970)  

The effect of growing infected bulbs treated with thionazin 

in pots containing Ashurst soil (a light sany soil) or Wisbech 

soil (a heavy clay soil) was investigated by observing seasonal 

changes in the nematode population in the bulbs and soil for one 

growing season. 

Experimental  
• 

Twenty-two batches of ten bulbs from a heavily infested stock 

of Golden Harvest were dipped in 2500 ppm thionazin for 21 hours 

on the•19th September. On the 20th October ten batches were planted 

in sterilised Ashurst soil, and ten in sterilised Wisbech soil in 

nine inch plastic pots. An equal number of pots were prepared 

containing untreated bulbs growing in sterilised Ashurst and Wisbech 

soils and the pots were maintained in a heated greenhouse. 

An estimate of the nematode population in two batches of treated 

and untreated bulbs was made prior to planting by extracting two 
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300 ml samples of chopped bulb material• (see page 23 ). 	Then, 

at two monthly'intervals after planting, the nematode population 

in bulbs and soil from two pots of treated and untreated bulbs 

growing in Ashurst and Wisbech soils was estimated in the same 

manner. 	The condition of the bulbs was noted .as well as the total 

volume of chopped bulb material. 

Results  

The nematode counts from bulbs and soil appear in table 38 

(appendix). 

The nematode population in the bulbs was not affected by soil 

type (fig.11). 	The population in treated bulbs declined gradually 

in both soils, and that in untreated bulbs remained high in both 

soils until June when it dropped, due to the destruction of the bulbs 

by the nematodes. 

The increase in the proportion of infected bulbs in untreated 

samples is shown in fig.13, while in treated samples the proportion 

of infected bulbs dropped - again soil type had no effect. 

The effect of soil type on the changes in the soil population 

is illustrated in fig.12. 	The population from untreated bulbs 

was high throughout the year in both soils apart from a drop in 

April in Ashurst soil, which may not be a significant difference in 

view of the close similarity between the rest of the counts. 	The 

soil counts from treated samples were low at first in both soils, 

but by the end of the year there was a considerable difference 

between soils, with a decline in Ashurst soil and a rise in 
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Wisbech soil. 

d) The effect of time of treatment, in relation to the  

metabolism of thioanzin, on the nematode population 

in planted and unplanted bulbs (1968 - 1969)  

An experiment was done to determine whether the time of 

treatment affects the nematode population in infected narcissus 

bulbs, to establish whether dipping should be done early or late. 

When bulbs are planted there is an increase in the metabolic rate 

associated with growth which doubtless affects the rate of metabolism 

of thionazin. 	It was therefore decided to compare the effect of 

thionazin on the nematode population in planted and unplanted 

bulbs. 	Determinations were also made on the rate of disappearance 

of thionazin in the bulbs. 

Experimental  

Batches of 12 bulbs from a lightly infested stock of Fortune 

were treated in 2500ppm thionazin for 22 hours at monthly intervals 

in, August (Dip I), September (Dip II), October (Dip III) and 

November (Dip IV . 	On each occasion 18 batches of bulbs were treated, 

eight were planted immediately after treatment in nine inch plastic 

pots using sterilised soil, and ten stored dry. 	The planted bulbs were 

grown in an unheated greenhouse, and the unplanted kept in a shed. 

Two batches were examined immediately after each treatment, then 

at subsequent monthly intervals for four months, two planted and 
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two unplanted were examined. Each treatment was accompanied 

by an untreated control. 

Dips I and II were prepared from a commercial formulation of 

thionazin (46 percent e.c.) and dips III and IV. from a formulation 

made up with 50 percent technical thionazin, 35 percent xylene and 

15 percent Triton X100 (46 percent e.c.). 

Nematode counts were determined from 300 ml chopped up bulb 

material on each occasion and thionazin residues from 50 grams of 

the same material. 

Results  

Effect of the various thionazin treatments on the nematode population  

The nematode counts for the planted bulbs are shown in table 39 

(appendix) and for the unplanted bulbs in table 40 (appendix). 

The overall effect of the time of treatment on the nematode population 

was determined by taking the means of the counts in each column in 

tables 39 and 40 (appendix), and is illustrated in fig. 14. 

Since the time of treatment had ho effect of the nematode 

population apart from a slight tendency towards higher numbers when the 

dip was delayed, the data from the four seperate dips was pooled to 

show the effect of the treatment on the growth of the population, 

(See table 41 appendix). 	The results are illustrated in fig.15 

which shows a gradual drop in the number of nematodes in the treated 

bulbs, the decline being greater when treated bulbs were planted 

than when they were stored dry. 	It was interesting to note a 

considerable drop in the population also when untreated bulbs were 
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The effect of time of treatment on 
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planted. 	In view of the drop associated with planting, it 

was necessary to calculate the effect of thionazin in planted 

and unplanted samples seperately by reference to their controls. 

In fig.16 the effect is illustrated as percentage mortality. 

In most bulb experiments the treatment effect cannot be 

expressed as percentage mortality since the control bulbs are 

usually destroyed. The growth of the nematode population follows 

a sigmoid curve, and the treatment effect can only be compared to 

the control whilst the population is on the rising phase of the 

curve (Hague 1960). 	In this experiment only hard bulbs capable of 

growth are used, and the duration of the experiment was only four 

months by which time the control population had not increased 

sufficiently to be limited by other factors. 

A slightly higher mortality was obtained in the planted bulbs, 

but when the two regression lines were tested for differences in 

slope, the difference was not significant (fig.16). 

Metabolism of thionazin in the bulbs  

The determinations of.the amount of thionazin in the bulbs 

at various intervals after treatment are shown in table 42 

(appendix). 	As with the nematode counts, time of treatment had no 

noticable effect on the metabolism of thinnazin, but planting caused 

an increase in the rate of metabolism. The mean of the four seperate 

dips was taken, as for the nematode counts (table 43 appendix) and 

the rate of metabolism in the planted and unplanted bulbs is 

illustrated in fig.17. 	By fitting the least squares line it was 



possible by extrapolation to determine when the compound would 

disappear in planted and unplanted bulbs. The point of 

disappearance in planted bulbs is 19 weeks after treatment, and 

in unplanted bulbs - 261 weeks after treatment. 
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SECTION 4 	THE EFFECT OF COMBINED TREATMENTS 

a) Preliminary Experiment (1967 - 1968)  

Three combinations were used intially, the first being a 

double dip in 2500 ppm thionazin for 2:17E hours, the two dips 

being one month apart. The second was a HWT at 43.3°C for three 

hours followed one month later by a thionazin dip; and in the third, 

formaldehyde (0.5 percent) was added to a single thionazin dip to' 

kill the fourth stage larvae on the outer bulb scales. 	A single 

thionazin and a single HWT were included for comparison. 

Experimental  

Batches of 50 bulbs from a heavily infested stock of Verger, 

and batches of 25 bulbs from a lightly infested stock of Carlton 

were used. 

The treatments and dates of treatments are shown in table 8. 

The bulbs were planted immediately after treatment on the first of 

December, in sterilised soil in wooden seedboxes and kept in an 

unheated greenhouse. 	In April 1968 the bulbs were lifted, and 

nematodes extracted from two 300 ml samples. 

Results  

All treatments gave good control, but in no case was the 

population eliminated (table 8). 	The high nematode counts in 

the Verger which had received a single HWT were probably due to 

the inclusion of bulbs containing fourth stage larvae since the 

Carlton, a lightly infested stock, did not have such high counts. 



Table 8  

The effect of various combined treatments on the control of 

D.dipsaci in two varieties of narcissus: numbers of nematodes 

and flowers (mean of two replicates) 

Treatment Treatment 
dates 

Verger Carlton 
Nematodes Flowers Nematodes Flowers 

Untreated 20950 11.5 640 28.5 

HWT 
(43.3°c 
31-  hrs.) 

24th Oct. 449 1 2.5 13.5 

HWT 
Thionazin 
(2500 ppm, 
21-  hrs.) 

24th Oct. 

21st Nov. 
1 1.5 0.5 25.5 

Thionazin 13th Oct. 11 31 49 30.5 

Thionazin 

Thionazin 

13th Oct. 

10th Nov. 
1 28 8 30.5 

Thionazin + 
Formaldehyde 10th Nov. G.5 17 2.5 27.5 
(0.5%) 
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The HWT was also extremely damaging, particularly to the Verger 

but this undoubtedly was due to the lateness of the treatment. 

The inclusion of formaldehyde seems to have had some effect, but 

it was also slightly phytotoxic in the Verger. 

b) Second investigation into the effect of combined treatments  

(1968 -1970)  

Since the first investigation with combined treatments looked 

promising, it was decided to do a more extensive experiment in which 

seasonal changes in the bulb and soil populations were investigated. 

In addition to HWT followed by thionazin, a thionazin dip was done first 

and followed by a HWT. To overcome the problem of fourth stage larvae 

on the outside of heavily infested bulbs, CBP. was incorporated into 

the thionazin dip. 	CBP is not systemic and thus should only attack 

nematodes which are on the outside of the bulb. Observations on 

the changes in the bulb and soil populations were continued for two 

years. 

Experimental  

Batches of 10 bulbs from a lightly infested stock of Fortune 

were used. The first treatments were done on the 20th August 1968, 

and the second on the 7th October 1968, nearly seven weeks later. 

The HWT was done at 44.4°C for three hours, the thionazin at 2500 

ppm for 21 hours and CBP at 400 ppm for 21 hours. The bulbs were 

planted on the 8th October 1968 immediately after the final treatment 
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in nine inch plastic pots using sterilised soil. 	The pots 

were kept in a slightly heated greenhouse during the first year, 

and taken outside in the summer of 1968 to prevent overheating 

then left outside for the second year. 	The total bulb and soil 

population in each treatment was determined at three monthly 

intervals during the first growing season, then at five monthly 

intervals during the second growing season. Flower counts were 

taken in the spring of 1969. 

Results  

The nematode counts for bulbs and soil and the flower counts 

appear in tables 44 and 45 
	respectively(appendix). The main 

treatment effects on seasonal changes in the bulb and soil population 

are illustrated in figs.18 - 21. 

Bulb population  

A great reduction in the bulb population three months after 

planting was observed in all treatments with the exception of CBP 

which was ineffective when used alone and did not improve the 

treatment when combined with thionazin. 

The HWT effectively reduced the population three months after 

planting (five months after the actual treatment) but the population 

reestablished itself before the end of the first growing season and 

remained high throughout the second year (fig 19). 

Thionazin maintained the population at a low level during the 

first growing season but was unable to prevent a subsequent rise in the 

following growing season (fig.18). 	In both cases where thionazin 
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Fig. 19  
Seasonal changes in the nematode population in 

narcissus bulbs and soil after a single HWT. 
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Seasonal changes in the nematode 

population in narcissus bulbs and soil 
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and HWT were combined the best control was obtained in the 

first growing season (figs.20 and 21). 	The high degree of control 

continued into the second growing season but eventually the number 

of nematodes rose. 

The population in the control and CBP treated bulbs remained 

high during the first growing season, but dropped in the second 

as the bulbs were destroyed by the nematodes. 

Soil population  

Generally, the soil population followed the same pattern as 

the bulb population, being low intially in all treatments, again 

with the exception of CBP, and rising subsequently as the bulb 

population rose. However, this pattern was interrupted by a peak 

in the soil population in June which was common to all treatments 

and is therefore probably a seasonal effect. 

c) The effect of thionazin and HWT on reinvasion by fourth stage  

larvae soon after treatment (1969)  

The high nematode counts obtained in the HWT bulbs of the 

previous two experiments were probably due to a high survival of 

the fourth stage larvae in the heavily infested bulbs (Woodville 

and Morgan 1962). 	It is also possible that the fourth stage 

larvae are more resistant to thionazin than other stages. 

The effect of both thionazin and HWT on reinvasion by nematodes 

from heavily infested bulbs soon after treatment was then investigated. 

Experimental  



a 77.5 828 483 

b 84 679 768 

a 58  456 488 

b 43 158 358 
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HWT 
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Heavily infested narcissus bulbs variety Carlton were dipped 

in thionazin 2500 ppm for 21 hours, or HWT at 44.4°C for three hours 

on 25th September. On the 22nd October, three bulbs were planted 

in five inch plastic pots in sterilised soil, and kept in a heated 

greenhouse until the 21st November when 40 five day onion seedlings 

were planted in each pot (Webster 1962). 	The pots were maintained 

at 20°C and watered frequently. 	After two weeks, the seedlings 

were removed, stained in boiling acid fuchsin in lactophenol and 

the. nuMbers of nematodes and eggs in each seedling were counted 

(see page 94). 

Results  

Table 9  

Percentage onion seedlings invaded, total number of nematodes, and 
number of eggs laid per pot, when onion seedlings were planted with 
heavily infested narcissus bulbs treated with HWT or thionazin. 

Treatment 
Percentage 	Total number 	Total 
seedlings 	of Adults and 	number 
invaded 	fourth stage 	of eggs 

larvae 

Thionazin a 0 0 0 

b 0 0 0 

There was a high invasion from the untreated bulbs and numbers 



73 

of nematodes invading were only slightly reduced if the bulbs 

were HWT, but there was no invasion from thionazin treated bulbs 

(table 9). 

Clearly, thionazin had inhibited the migration of fourth stage 

larvae or, if nematodes had entered the soil, their ability to 

reinvade had been affected. 



SECTION 5 	DISCUSSION 

The control achieved when infested bulbs were given a 

single dip in thionazin is in agreement with that reported 

by Purnell and Hague (1965), Hague (1966) and Oliff (1966), 

the nematode population being greatly reduced after one growing 

season but not eliminated. 	Variations in the degree of control 

between experiments may be partly explained by differences in the 

initial infestation of the stocks of bulbs used, lower nematode 

counts being obtained in experiments where lightly infested 

stocks were used or where the bulbs had been sorted. When 

thionazin treated narcissus bulbs were evaluated after a second 

growing season there was an increase in the nematode population, 

which resembles the situation occurring in some infected 

commercial stocks two years after treatment. The subsequent 

rise in the nematode population has led to the failure of 

thionazin commercially, and is dependent primarily upon the 

limited persistence of the compound in the bulbs, and secondarily 

the ability of some nematodes to survive the single treatment and 

reinvade. 	Factors influencing the reinvasion of treated bulbs 

will now be discussed. 

The Persistence of thionazin in bulbs  

It was demonstrated (fig.3) that a single dip in thionazin 

protected "clean" bulbs against invasion when they were planted 

into heavily infested soil, but the protection was not complete; 
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the few nematodes which invaded before the end of the first 

growing season probably did so when the compound had been 

metabolised. 	Hesling's (1967a) finding that a single dip 

in thionazin protects narcissus bulbs against attack for six 

months implied that the compound had been metabolised by that 

time, and is in agreement with these results. 	During the 

second growing season there was no protection against invasion, 

and the number of nematodes in the "clean" bulbs rose. 

Since the retention of thionazin by the bulbs is so crucial 

to their protection againSt nematode attack, factors affecting 

its persistence must be considered. 	The few determinations 

which have been made of the metabolism of thionazin in plants 

report a rapid disappearance of the parent compound. Brewerton 

et al (1969) sprayed thionazin directly onto the foliage of lucern 

and red clover and recovered high residues initially, but within 

seven days for lucern, and 16 days for red clover, less than 1.  ppm 

was recovered. 	Skrentny and Ellis (1969) injected thionazin 

into young broad beans and recovered only two percent of the 

original inoculum after 14 days. 

The above determinations were done on photosynthesising 

aerial regions of plants, and it is possible that the metabolism 

of thionazin in bulbs may differ. 	But, the results derived by 

Oliff (1965) when he determined the rate of disappearance of 

thionazin in narcissus and tulip bulbs, by a spectrophotometric 
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technique, also revealed a rapid breakdown. He was unable 

to detect the parent compound as early as nine days after 

dipping narcissus bulbs in 200 ppm thionazin. Oliff (1965) 

decided that since the parent compound disappeared so rapidly, 

the high degree of nematode control must be due to the production 

of a more persistent toxic metabolite by the plant. However, the 

present results (fig.17) are contrary to Oliff's view since 

thionazin was still detected in narcissus bulbs, at least four 

months after treatment, in amounts which Oliff (1965) showed prevented 

increase of fungal feeding nematodes, and which agree with Hesling's 

(1967a) estimate of the duration of protection. The greater 

sensitivity of the technique employed in this study to detect 

thionazin (page 26 ) may partly explain the discrepancy between 

Oliff's results, and the present. 

Studies on the metabolism of thionazin by tobacco plants 

(Cyanamid, New Jersey, personal communication) have shown rapid 

breakdown of the parent compound mainly by oxidation td the 

oxygen analogue, and by hydrolysis to 2-pyrazinol. These compounds 

are further metabolised to yield a variety of hydrophilic products,. 

a portion of the pyrazine ring being completely degraded to 

carbon dioxide, some of which is apparently reincorporated into 

natural tissue constituents. The oxygen analogue is the only 

toxic metabolite, but it is unstable, and does not persist 

longer than the parent compound. 
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The retention of thionazin in bulbs will depend upon the 

amount taken up during dipping, higher concentrations persisting 

longer. The rapid disappearance of thionazin in bulbs reported 

by Oliff (1965) was doubtless partly due to the low concentration 

of his dip since he dipped in 200 ppm thionazin while in the present 

study, bulbs were dipped at 2500 ppm thionazin. 	By increasing the 

concentration of the dip, the degree of control should thus improve, 

but this is true only up to a point beyond which further increases 

will have no effect (Oliff 1965). 	The critical point depends 

firstly upon the solubility of thionazin in water since only that 

part in solution can enter the bulb, and secondly on the moisture 

content of the bulb which determines the amount of solution that 

can be taken up. 	In the present investigations (tables 2 and 3) 

concentration had little effect on control, probably because the 

solution was saturated at the lowest concentration used. 	Reports 

of degradation of the dip during commercial applications would mean 

that less thionazin enters the bulb and could contribute to poorer 

nematode control. 

The effect of drenching  

The application of thionazin as a drench proved to be extremely 

effective, the high degree of control persisting for at least two 

years. 	The nematode counts in the "infected" bulbs were reduced 

almost to the level of those in the "clean" bulbs which shows that 

the few survivors from a single dip are unable to resist the 

prolonged action of thionazin. 	Other investigators using soil 
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applications of thionazin report a residual activity in the 

soil generally not exceeding six months (Motsinger 1961; 

Zuckerman 1964; Birchfield and Martin 1968). 	Slootweg (1963) 

obtained a considerable reduction in the numbers of Aphelenchoides  

sp in leaves of lilies two weeks after application, but after 31 weeks 

numbers rose again. 

The reason for the extremely persistent effect of the drench 

application in the present study was probably due to the sandy 

acid soil in which the experiment was done. 	Under similar 

conditions Pain and Skrentny (1969) were able to detect thionazin 

more than one year after application; and in the same soil Oliff 

(1965) also reported the persistent effect of drenching on nematode 

control in narcissus bulbs. That thionazin is more stable in 

sandy acid soils than in alkaline clay soils has been demonstrated 

by Getzin and Rosefield (1966) and Pain and Skrentny (1969), and 

thus the success of any soil application of the compound will 

depend upon the soil type. 	The higher biological activity often 

associated with clay soils may also contribute to a more rapid 

breakdown in these soils (Ahmed and Casida 1958). 	In soils that 

are conducive to greater stability a drench application which persists 

more than one year is in some respects better than a dip which is 

metabolised within six months. 

Thionazin in the soil may act directly upon the soil population 

preventing invasion, or it may act systemically 
	

in which case it 

will be taken up by the plant in small amounts after rainfall. 



Since nematodes are most likely to invade under moist conditions 

(Wallace 1962) protection would be greatest at the most Critical 

time. 

Seasonal changes in the bulb population and the effect of  

planting  

Untreated bulbs  

In untreated bulbs, the nematode population is thought to 

increase until the plant is destroyed, when the numbers drop. 

In some experiments (c,Section 3 page 52 and b,Section 4 page 65 ) 

the population remained high as expected, and the proportion of 

infected bulbs increased until the end of the growing season when 

numbers dropped, the decline being due to the destruction of the 

bulbs by the nematodes. 	However, in experiments a and d, Section 

3 (figs 7 and 15 respectively) where lightly infested bulbs were 

used, there was a considerable decline in the population when 

untreated bulbs (controls) were planted, which was not due to the 
• 

destruction of,the bulbs. 	Since the population in the unplanted 

controls, in experiment d Section 3 (Fig.15) continued to rise, 

some factor associated with planting must have caused the decline. 

Experiment d,Section 3 was terminated after four months, but 

experiment a, Section 3, which was continued until the end of the 

first growing season revealed a rise in the population in April, 

then a drop in May, followed by another rise in June (fig.7). 

These observations, though unexpected are surprisingly in 
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agreement with the findings of other workers. 	Webster (1964) 

inoculated narcissus bulbs with D.dipsaci and reports a drop in 

numbers until March (which he attributed to the partial infectivity 

of his inoculum), then a peak in April and May - at the height of the 

growing season. 	Thomas (1966) also obtained low invasion up to the 

middle of March but thereafter numbers rose to a peak. 

The spring rise in the nematode population was shown by Webster 

(1964a)to have increased simultaneously with the rise in ambient 

temperatures. 	The greater mobility of D.dipsaci between 15 - 20°C 

(Wallace 1958) probably contributed to the increase in the population. 

Optimum penetration was obtained at 21°C by Sayre and Mountain (1959) 

and at 18°C by Barker and Sasser (1959). 	Resistant plants are also 

least resistant to invasion at about 20°C (Grundbacher and Stanford 

1962; Griffin 1968; Wynne and Busbice 1968). 

The experiments in which a drastic drop in the population on 

planting was observed had been kept in an unheated greenhouse, while 

those in which the population continued to rise were grown in a heated 

greenhouse. 	The most likely explanation for the differences in the 

populations must therefore be attributed to temperature changes. 	It 

is noteworthy that Webster (1964a)kept his experiment in an unheated 

greenhouse and Thomas (1966) grew his bulbs out of doors: 

Both Webster and Thomas had analysed bulbs and foliage separately 

and had observed a considerable increase of nematodes in the foliage 

as well as in the bulb. 	In experiment a Section 3,bulb and foliage 

were extracted together so the drop in May could be attributed to the 
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death of the foliage which had contained large numbers of 

nematodes. 

Treated bulbs  

The effect of thionazin on the bulb population was in all 

cases to cause a progressive reduction in the number of nematodes 

until the end of the first growing season. 	A subsequent rise in 

the population was observed in those experiments which were continued 

for two growing seasons. 

In experiment a Section 3 (fig 7), there was a peak in the 

population of the treated bulbs in April, which coincided with that 

in the untreated bulbs. Windrich (1970) reported that the leaves of 

treated tulip bulbs were not protected against invasion four weeks after 

dipping, thus the rise could have been due to multiplication of 

nematodes in the foliage. The low recoveries in June when the foliage 

had died down also suggest that this had occurred. 

Factors which caused the drop in the population when untreated 

bulbs were planted must have exerted an equal effect on the treated 

bulbs, since much lower counts were obtained in treated bulbs which 

were planted, than those kept dry (fig 15). 	Determinations of 

percentage mortality (fig 16) revealed no significant difference 

between planted and unplanted bulbs, thus the increase in the rate 

of metabolism of thionazin in planted bulbs (fig 17) did not affect 

nematode mortality significantly. 	It is true that certain organo-

phosporus substances such as Systox (Hartley 1952) and Schradan 

(Thomas and Bennet 1954) are converted by the plant into more 
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active. metabolites, but there is no evidence that the "systemic" 

effect of thionazin relies on "activation" of the pesticide - 

indeed, the evidence shows that sufficient thionazin persists during 

the protected period. 

In further support of the idea that the increased metabolism 

of thionazin in planted bulbs did not cause the greater decline in 

nematode numbers, are the results of experiment c Section 3 (fig 11), 

-where the bulbs were grown in a heated greenhouse. Up to four 

months after planting, numbers of nematodes in the treated bulbs were 

similar to those in the unplanted treated bulbs of experiment d 

Section 3 (fig 15). 	However, thionazin is less stable at higher 

temperatures (Brewerton et al 1969) and thus the poorer control 

obtained in those experiments which had been kept under warm conditions 

could be partly due to the more rapid disappearance of the compound. 

Migration  

It is clear that a single dip in thionazin provides inadequate 

protection against attack when bulbs are left for two years in in-

fected soil, but:even bulbs planted intornifested soil are liable to 

be reinfected due to migration from treated bulbs and reinvasion 

when the compound has been metabolised. 

Webster (1962) observed that migration of nematodes from 

infected bulbs occurred throughout the year with a peak at the 

height of the growing season. 	He found the rate of migration was 

related to the density of the bulb population and suggested that if 
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the bulb population was restricted, the nematodes in the soil 

would also decline. 	Since the effect of thionazin is to reduce 

the population in bulbs, unless the normal behaviour of the 

nematodes is altered by the treatment, the soil population should 

drop accordingly. The present experiments on migration of 

nematodes from treated narcissus and tulip bulbs have demonstrated 

that the soil population varies directly with the density in the 

bulbs, as Webster had suggested. 	Although migration is not prevented, 

nevertheless the soil population at the end of the first growing 

season is low. ' Kaai (1967) stated that the effect of thionazin 

was to make the host unfavourable, and by so doing to cause a 

reduction in the equilibrium density (Seinhorst 1966) in the soil. 

Experiment d Section 2 (page 38) also demonstrated that the effect of 

planting treated "target" bulbs was to cause a lower soil population. 

Windrich (1967) suggested that if the planting of treated 

bulbs were delayed, migration could also be reduced because the 

nematodes would be obliged to remain in the bulbs longer and would 

starve before they had a chance of escaping into the soil. 	In 

those experiments where planting had been delayed (c, Section 3 

page 52 ; b,Section 4 page 65) it was observed that migration 

tended to be slower, but as will be revealed in Part II the reason 

is probably not because the nematodes had died. 	Since reinvasion 

is not possible until thionazin has been metabolised, delayed 

planting is unlikely to improve protection. 	Experiments by 
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Caldicott (1971) confirm that delayed planting did not increase 

control. 

In answer to the question, which nematodes migrate from 

treated bulbs, it seems that since migration occurs from both lightly 

and heavily infected bulbs, it is not only the fourth stage larvae on 

the outside of heavily infested bulbs which enter the soil. 	Webster 

(1962) found all stages were capable of migration although as the bulbs 

deteriorated the fourth stage larvae predominated. 	There is no 

evidence to suggest that the fourth stage larvae are less susceptible 

to thionazin than other stages, but being on the outside of the bulb 

it is easier for them to enter the soil. Indeed, the evidence (table 9 

has demonstrated that the fourth stage larvae are incapable of re-

invading one month after treated bulbs are planted, confirming their 

susceptibility to thionazin. 

Reinvasion  

If the infested bulbs are treated in thionazin and planted in 

sterilised soil, reinvasion possibly occurs when the compound has 

been metabolised. 	The source of the reinvading nematodes is either 

the few survivors in the bulbs, or those which had migrated into the 

soil. 	That nematodes from untreated bulbs are viable was demonstrated 

(table 7) and Kaai (1967) reported that although onions lifted after 

one growing season were symptomless at harvest, nematodes multiplied 

during storage. 	But the results of experiment c, Section 2 (fig 3) 

suggest that the few nematodes which.survived from the original 
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infestation in the "infected" bulbs were not capable of 

causing a heavy reinvasion since the subsequent rise in the 

population in the second growing season was about the same in both 

"clean" and "infected" bulbs. 	Hague's (1966) observation that if 

infected bulbs are lifted one year after treatment and replanted 

•into clean soil excellent control is maintained also suggests that 

• the few surviving nematodes in the bulbs are not the main cause of 

reinfestation which must therefore originate in the soil. 

The probability that much reinvasion of treated bulbs by 

nematodes in the soil will occur during the first,growing season 

is unlikely. 	Experiment d Section 2 (page 38 ) demonstrated that 

few nematodes penetrated treated "target bulbs" even when the bulbs 

were left nearly 12 months before lifting. 	Bulbs are most 

susceptible to invasion during early spring when the young leaves 

are passing through the soil and when the invasion potential is high 

(Webster 1962). 	D.dipsaci was found to be injurious to onions only.  

if it was able to invade while the plant was in a susceptible stage 

(Nolte 1957). Thionazin probably persists until the spring, thus the 

plants are protected during the critical period in the first growing 

season. 	When the compound has been metabolised (in the summer) the 

plants are less susceptible and the invasion potential of the 

nematodes is low. 

The problem of reinvasion in the second year, and the extent 

of the attack depends upon the soil population which resulted after 

migration and the influence of the enviroment. Since the survival of 



86 

a few nematodes in the soil is sufficient to initiate an infestation, 

any factor which enhances survival or aids invasion will contribute 

to the degree of infestation; conversely, any factor which reduces 

survival will provide increased protection. Probably the most 

critical feature of the enviroment which influences invasion is 

moisture, invasion being impossible under dry conditions (Wallace 

1962). 	Nolte (1957) reported that not only did plants have to be 

in a susceptible stage for D.dipsaci to invade, but high soil 

moisture was also necessary. 	In a report Wallis (1969) stated 

that results from field trials where infected narcissus bulbs - were 

treated in thionazin were variable, with good control occassi.onally 

but not always. 	It is possible that variation in control was due 

to variations in enviromental condition. 

The effect of soil type on the degree of control revealed no 

difference in the bulb population after one growing season ; it is now 

clear that a difference should not have been expected in the first 

year. 	Since any effect of soil type could only manifest itself in 

the second year it was unfortunate that the experiment was not continued 

for a second growing season. 	The higher soil population found in 

the clay soil containing treated bulbs at the end of the first year 

may be significant in view of the greater persistence of D.dipsaci  

in clay soils reported by Seinhorst (1956),and also noted by Webster 

(1962). 	Although there is no difference in invasion in the two soils 

(Wallace 1962;Webster1962), movement is faster in sandy soil; therefore 

the downward migration of D.dipsaci during dry periods (Wallace 1962) 
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is probably inhibited in clay soils due to reduced activity. 

Consequently, greater numbers of nematodes would remain at the 

surface near the site of invasion, thus enhancing the rate of 

infestation. 	Wallace (1962) states also that under drying 

conditions, clay soils retain moisture longer than sandy soils, 

thereby providing more opportunity for invasion. 

Combined treatments  

By employing combined treatments it was possible to greatly 

improve nematode control, but a few nematodes still survived and 

reinvaded during the second growing season. 	In the preliminary 

experiment with combined treatments, in which bulbs were planted 

in wooden seedboxes and kept in an unheated greenhouse, a higher 

degree of control was observed after the first growing season than 

in the second experiment where bulbs were grown in pots kept in a 

heated greenhouse. The conditions in the latter experiment were 

clearly more conducive to survival and reinvasion. 

The inefficency of the HWT when applied alone was probably 

due to the survival of fourth stage larvae in the heavily infested 

bulbs. That large numbers of nematodes survived the HWT treatment 

and entered the soil if heavily infested bulbs were used was 

confirmed in experiment c Section 4 (table 9 ) where onion seedlings 

were invaded by the migrating nematodes. 

Both combinations of thionazin with HWT were equally efficient 

in reducing the nematode population in the first growing season 
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although the HWT followed by thionazin has more to recommend it. 

In the first place there was no flower damage whereas the late HWT 

caused great reduction in flower production. 	Secondly, the late 

application of thionazin meant that it persisted longer when the 

bulbs were planted, providing longer protection than the early 

thionazin application which must have been partly metabolised. 

It is also possible that during the HWT which followed the early 

thionazin application some of the compound was hydrolysed or even 

leached out of the bulbs, hence the faster build up in the second 

year. The effect of the early application of thionazin was to 

inhibit migration, which accounts for the zero soil counts compared 

to the relatively higher soil counts in the treatment where HWT was 

applied first, and thionazin just before planting. 	The migrating 

nematodes were probably the fourth stage larvae which survived the 

HWT, and whose activity was not much affected by thionazin since 

planting was not delayed. 

Finally, it is now apparent that unless infected bulbs, treated 

with a single thionazin dip, are lifted after one growing season 

and retreated before being replanted, adequate control is not likely 

to be achieved. 	In the light of present observations, it is highly 

significant that in tulips, a one year down crop, D.dipsaci has been 

controlled with thionazin! 
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SECTION 1 	THE EFFECT OF "IN VITRO" EXPOSURE OF NEMATODES  

TO THIONAZIN USING A STANDARD ASSAY TECHNIQUE 

Introduction  

Before accepting the suggestion that thionazin has no contact 

action and that nematodes must therefore ingest the compound for it 

to become nematicidal, it was necassary to investigate further the 

effect of thionazin on nematodes "in vitro". 

Assay techniques  

Most nematicide screening programmes rely in the first place 

on a water contact test, which involves immersing the nematodes into 

a solution of the test compound for a given time, and determining 

mortality after exposure; chemicals which are active against nematodes 

"in vitro" are then tested further in secondary screens (McBeth 

and Bergeson 1953). Mortality determinations are usually based on 

motility and consist of either a visual assay, in which active 

nematodes are considered unaffected (Taylor, Feldmesser and Feder 1957),  

or a movement assay in which living are distinguished from dead by 

their ability to pass through a filter (Hague 1963; Patrick, Sayre 

and Thorpe 1965). 

The movement assay is now a standard technique although its 

shortcomings are obvious. 	Firstly, inactive nematodes need not be 

dead; Taylor et al were aware of this in their visual assay and re-

examined cases where the nematodes had been inactive two or three 

days later, when deterioration would have occurred if the nematodes 
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were dead. 	Secondly, nematodes which are still active after 

exposure may nonetheless be incapable of invading a host or 

reproducing therein. The screening programmes mentioned above do 

not take this into account, but other investigators have exposed 

treated nematodes to an indicator plant in order to detect any delayed 

effect. 	In a review, Feldmesser and Feder (1955) mention the 

inclusion in some screens of plant parasitic nematodes such as 

Meloidogyne spp, Ditylenchus spp, and Aphelenchoides ritzemabosi, 

which after treatment are exposed to a host plant and subsequent 

development of symptoms are then observed. Hague and Omidvar (1962) 

and Hague (1960) reported the best mortality determination for 

Heterodera sp was obtained when the nematodes were allowed to invade 

after treatment, and the final cyst density was obtained. 	Spaull 

(1967) compared.various methods of determining mortality using 

Aphelenchus avenae treated with CBP. He included a visual assay, a 

movement assay, and a final population assay in which treated nematodes 

were placed on fungal plates and the population increase observed. 

He found the visual assay cave:the lowest mortality, the final population 

assay.the highest, and the movement assay was intermediate. 

D:dipsaci was exposed to thionazin "in vitro" by Purnell (1963) 

and Oliff (1965) and the effect determined by a movement assay; both 

workers detected no difference in movement between treated and un- 

treated nematodes and concluded there was no contact action. 	Purnell 

attempted to compare the movement assay with an onion seedling invasion 

assay (Webster 1962) but found the numbers of nematodes invading were 

too low for the technique to be useful in assessing mortality. 	However, 
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in order to determine the full effect of thionazin "in vitro" it 

is important that viability and invasion potential after treatment 

should be established. 

The assay techniques employed in this section include a 24 hour 

movement assay, followed by an onion seedling invasion assay, to 

confirm the viability of treated nematodes. 

a) The effect of exposing D.dipsaci to thionazin "in vitro"  

Materials and Methods  

(i) Source of nematodes  

Large numbers of D.dipsaci, fourth stage larvae, were obtained 

from "eelworm wool" collected from heavily infested narcissus bulbs 

and stored at 10°C. The "eelworm wool" used was never more than one 

year old, thereby avoiding as much as possible the loss in invasion 

potential associated with the old "wool" (Webster 1962). 	When 

nematodes were required for experiments, a piece of "eelworm wool" 

was placed on a tissue supported on a nylon mesh sieve over a petri 

dish of water; as the nematodes revived, the active ones crawled through 

the tissue into the water below from which they were collected. 	Active 

nematodes could be obtained after a few hours, but the "wool" was 

usually left on the filter overnight. 

(ii) Treatment  

An emulsifiable concentrate of thionazin was prepared containing 

50 percent technical thionazin, 40 percent xylene and 10 percent 
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Triton X100; the control treatments contained equivalent amounts of 

solvent and emulsifier. Batches of 1000 nematodes were exposed to 

1000ppm thionazin for 4, 1, 1 and 2 hours, and 1500 nematodes were 

exposed to 5000ppm thionazin for 1,1, 2 and 4 hours. The treatment 

procedure was similar to that described by Purnell (1963) and the 

same apparatus was used. For each exposure, 70 mis of the desired 

concentration of thionazin were placed into an 100 ml beaker which 

fitted into a water bath maintained at room temperature (18°C). 

The nematodes were added to each beaker as a suspension in 1 ml 

water. The water bath was covered, and the stirrers were set in 

motion in order to prevent seperation of the emulsion. 	Immediately 

after treatment, the contents of each beaker were added to 900 mls 

water in a litre beaker, thereby effectively terminating the 

treatment. The nematode suspension was then washed three times 

through a 300 mesh sieve and the nematodes collected in an 100 ml 

beaker. Each batch of treated nematodes was divided: one half was 

used for the movement assay, and the other half for the onion seedling 

invasion assay. 

Movement assay  

The nematode suspension was filtered through a No.1 filter 

paper which was_placed, nematode side down, onto a double Kleenex 

tissue supported on a nylon mesh sieve in a petri dish of water, the 

water level just covering the sieve (Oliff 1965). 	After 24 hours, 

the sieve was lifted and the nematodes which had passed through the 

tissue into the water below were counted. The efficiency of the 
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tissue in retaining inactive nematodes has been demonstrated by 

Oliff (1965) and Spaull (1967). 	The activity of the nematodes 

which passed through the tissue was also observed during counting, 

thus confirming that only active nematodes had passed through. 

Onion seedling invasion assay  

Purnell (1963) had used about 100 nematodes in his onion seedling 

invasion assay, as recommended by Webster (1962) , but he obtained no 

invasion, so in this experiment at least 500 nematodes were used. The 

suspension of treated nematodes was poured through a No.1 filter paper 

which was placed, nematode side upper most, in the bottom of a nine cm 

petri dish. 	A milk filter was placed over the filter paper, and 

sufficient water added to moisten it without leaving any excess. 

Five, one cm long onion seedlings, variety Bedfordshire Champion, were 

added evenly over the surface. The petri dishes were maintained at 

20°C, this being the optimum temperature for invasion (Webster 1962). 

After seven days, the seedlings were removed, placed in labelled 

muslin bags, and plunged into a 0.05 percent solution of boiling acid 

fuchsin and lactophenol for three minutes. The seedlings were left 

in the stain until it had copied, then washed in tap water and returned 

to lactophenol (Southey 1970). 	The stained seedlings were squashed 

between two glass plates, and the number of nematodes which had invaded, 

and any eggs produced, were counted using a disecting microscope. 

Results  

The results (tables 10 - 13) show that exposure to 1000 and 5000 

ppm thionazin for up to four hours has no effect on movement or 



Table 10 

The effect of exposing D.dipsaci to 1000 ppm thionazin 
"in vitro", assessed by the movement assay  

Time of exposure 	 Nematode counts 

hours Treated Control 

309 343 

233 153 

1 267 259 

2 324 250 

Mean 283 251 

Table 11 

The effect of exposing D.dipsaci to 1000 ppm thionazin  
"in vitro", assessed by the onion seedling invasion assay  

Time of exposure 	 Nematode counts 

hours Treated Control 

1 157 97 

2 141 155 

Mean 149 126 
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Table 12 

The effect of exposing D.dipsaci to 5000 ppm thionazin 
"in vitro" assessed by the movement assay 

Time of exposure Nematode counts 

hours Treated Control 

445 481 

1 443 497 

2 396 488 

4 427 435 

Mean 428 475 

Table 13 

The effect of exposing D.dipsaci to 5000 ppm thionazin  
'"in vitro" assessed by the onion seedling invasion assay 

Time of exposure 	Nematode counts  

hours 	Treated 	Control 

311 	300 

1 	 227 	 213 

2 
	

210 	214 

Mean 	249 	242 

96 
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invasion of D.dipsaci. The number of nematodes recovered from the 

movement assay were between 40 and 50 percent less than the numbers 

used, which agrees with"Purnell's (1963) estimation of losses during 

washing. 	Despite severe losses, a high seedling invasion was ohserved 

in both treated and untreated samples. Seven days were allowed for 

invasion since Webster (1962) found that the number of nematodes in 

seedlings dropped after seven days, but since reproduction had not 

occurred either in the treated or untreated samples, a longer period 

might have been more suitable. 

b) The effect of solvent and emulsifier on D.dipsaci during "in vitro" 

exposures to thionazin  

In the "in vitro" tests described in the previous experiment, 

and those done by Purnell (1963) and Oliff (1965), an emulsifiable 

concentrate of thionazin was used and the controls contained solvent 

and emulsifier in the same proportions as in the treatment. 	Since 

the number of nematodes recovered from both thionazin treated samples 

and control samples in the previous experiment were considerably lower 

than the numbers used, the possibility that either solvent or emulsifier 

could be affecting the nematodes was considered. 

Experimental  

About 2000 revived fourth stage larvae were exposed for three 

hours to 2500 ppm thionazin prepared from an emulsifiable concentrate, 

or to solutions containing solvent and emulsifier alone in the same 

proportions; the combinations used appear in table 14. 	The effect 

of using xylene or acetone as solvent was investigated, and a water 
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Table 14  

The effect on D.dipsaci of solvent and emulsifier 

during "in vitro" exposures to thionazin. 

Number 	Formulation 	Nematode 
	Mean 
	Percentage 

counts 	mortality 

1 

Commercial thionazin: 
50% technical thionazin 
35% xylene 
10% Triton X100 
5% propylene glycol 

975 
941 958 	45 

2 
50% technical thionazin 
30% xylene 
20% Triton X100 

943 
1237 

1090 	38 

3 
50% water 
30% xylene 
20% Triton X100 

95o 
1073 

1012 	42 

50% technical thionazin 
30% acetone 
20% Triton X100 

1300 
1265 1283 	27 

5 
50% water 
30% acetone 
20% Triton X100 

1590 
1481 

1536 	12 

6 70% water 
30% acetone 

1572 
1723 1648 	6 

7 	100% water 	
1768 	1750 
1731 
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control was included. 	After treatment, nematodes were washed 

(page 93 ), and exposed to a 24 hour movement assay. 

Results  

The results (table 14) show considerable variation in percentage 

mortality between treatments, the highest mortality being obtained 

with the commercial formulation of thionazin (1) which contained 

slightly more solvent (xylene) and slightly less emulsifier (Triton 

X100) than the other formulations. 	Formulations 2 and 3, which also 

contained the solvent xylene and Triton X100 were almost as effective, 

and the inclusion of thionazin did not enhance the effect. 	Formulations 

in which acetone was used as solvent ( 4 and 5) produced lower 

mortalities, the lowest occurring when acetone was used alone (6). 

The slightly higher kill when Triton X100 was included with acetone 

(5) was probably not significant. 

c) The effect of extended exposure of D.dipsaci to thionazin 

"in vitro". 

When infected bulbs were dipped in thionazin the compound was 

shown to persist in gradually decreasing amounts for about 6 months 

(fig 15). 	Thus, the nematodes are in contact with it for much longer 

than the duration of the standard "in vitro" tests. 	In part 1 (page 43) 

it was also shown that large numbers of viable nematodes could be 

extracted from treated bulbs nearly three months after treatment, and 

it was only after a longer period that the numbers diminished. 	It 

cannot, therefore, be assumed that thionazin relies on ingestion to be 
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effective, or that a more toxic metabolite is produced by the 

plant (Oliff 1965), until the effect of extending the period of 

exposure to thionazin "in vitro" has been investigated. 

Experimental  

Batches of approximately 2000 revived fourth stage larvae were 

exposed to 0, 0.1, 10 and 1000 ppm thionazin for 1, 3, 9, 27 and 81 

days. Replication was twofold for exposures of 1 and 3 days and 

threefold for the rest. 

Solutions of thionazin were prepared in tap water from the technical 

product, thus avoiding any possible interference from solvent or 

emulsifier (see previous experiment). 

The treatment procedure described on page 92 was modified in 

this experiment allowing a large number of exposures to be done 

simultaneously. The water bath could support a maximum of eight beakers 

at one time and was therefore inadequate, but since aqueous solutions of 

thionazin were used, and stirring was not necessary, treatments were 

done in 3" X 1" glass tubes. 

Approximately 2,175 nematodes in 2.5 ml water were placed into each 

tube. For exposures at 1000 ppm thionazin, the nematodes were 

allowed to settle, and the supernatant was carefully removed with a fine 

tipped pipette; 20 ml 1000ppm thionazin were then added to the nematodes 

in the bottom of the tube. For exposures to concentrations lower than 

1000 ppm, 2.5 ml thionazin, twice the final concentration required, were 

added to the 2.5 ml nematode suspension. 	On each occasion, the tubes 

were agitated immediately after the addition of the chemical, and if 

the period of exposure was extended, they were closed with cork stoppers, 
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and maintained at 10°C. 

Since high losses were sustained during'the washing procedure 

in which nematodes were washed on a mesh screen (page93 ), a 

different technique was used in this experiment. After treatment, 

the contents of the tubes were poured through a No.1 filter paper, 

supported on a Millipore filter funnel. The nematodes were washed 

several times by adding more water and filtering.rapildy. 	There • 

were no losses by this method since all the nematodes-  were retained 

on the filter paper. 

Movement assay  

A 24 hour movement assay was done immediately after the treatment. 

The apparatus used in the previous movement assay (page 93 ) was 

modified; instead of the nylon mesh sieves, which tended to sag when 

wet, and often touched the base of the petri dish, plastic mesh 

baskets, with legs 	inch long were used (plate1)- 	The plastic 

baskets were placed in plastic trays into which a constant amount of 

water - 45 ml was added. 	A double Kleenex tissue was again used as a 

filter, and the water level just covered the tissue. 	The filter paper 

onto which the treated nematodes had been filtered was inverted onto 

the tissue, care being taken to prevent the formation of air bubbles 

beneath the filter paper, and the trays were covered to prevent 

evaporation of the water. 	After 24 hours, the mesh basket was lifted, 

the water in the dish containing the active nematodes was removed, 

and the nematodes counted. 	A further 45 ml water was placed in the 

tray, and the plastic basket returned, to see whether more nematodes 

would pass through the tissue given a longer period for movement. 



Plate 1 

Apparatus used for movement assay. 
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Onion seedling invasion assay  

The nematodes collected after the movement assay were subjected 

to an onion seedling invasion assay to see whether their viability 

had been affected. About 2000 nematodes were used to each petri dish 

with ten onion seddlings. Eleven days invasion was allowed for 

nematodes exposed to thionazin for 1, 3 and 81 days, and 14 days 

• invasion for those exposed for 9 and 27 days. Replication was twofold 

in all cases. 

Results  

The number of nematodes collected after the 24 hoUr movement assay 

are shown in table 47 (appendix) together with any subsequent recoveries. 

The effect of thionazin after extended exposure as assessed by the 24 

hour movement assay is shown in fig 22 . Clearly, extending the 

period of exposure had an effect, although the only significant 

"mortality" was at 1000 ppm. 

The movement assay relies on active nematodes passing through the 

tissue in 24 hours, and although almost 100 percent of the untreated 

nematodes are through by 24 hours, treated nematodes may require longer. 

ThuS, a truer estimate of "mortality" or inactivation, can only be 

obtained by continuing to collect until no more nematodes will pass 

through the tissue. 	If the numbers of nematodes coming through at 

various times are plotted, the curve obtained levels off when all active 

nematodes have been collected (see fig 36in appendix), the true mortality 

being attained at the point where the curve levels off. The longer 

the exposure, the longer will be the time required to reach the asymptote. 



Fig. 22 

The effect on D.dipsaci of extended 

exposure to thionazin "in vitro". 
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Table 15  

The number of nematodes (adults and fourth stage larvae)  
which invaded onion seedlings after extended_ exposure of  
D.dipsaci to thionazin (mean of 2 replicates)  

concentration 
ppm 0 0.1 10 1000 

exposure- 
days 

1 137 110 417 736 

3 762 155 658 240 

9 324 399 595 24 

27 248 116 335 12 

81 362 429 529 0 

Table 16  

The number of eggs produced by D.dipsaci in onion seedlings 
after extended exposure to thionazin (mean of 2 replicates) 

conc.ppm 

exposure 
days 

0 , 	0.1 10 1000 

1 

.3 

9 

27 

81 

247 

700 

1057 

910 

848 

218 

244 

908 

918 

241 

306 

169 

754 

209 

199 

143 

39 

1 

12 

0 

105 
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There was no effect on onion seedling invasion by treated nematodes 

except after exposure to 1000 ppm for 9, 27 and 81 days (table 15). 

Egg production was similarly only affected at the highest concentration 

after 9 days exposure (table 16). 	The reduction in invasion 

corresponds to the inhibition of movement detected by the movement 

assay, but the counts obtained for onion seedling invasion were too 

variable to allow a strict comparison to be made between the two 

techniques. 

Much of the variation was doubtless due to differences in time 

allowed for invasion, which accounts for higher egg production in 

samples treated for 9 and 27 days. 

d) The effect of exposing D.dipsaci, A.avenae and P.redivivus to 

thionazin "in vitro"  

In this experiment, D.dipsaci,A.avenae and P.redivivus were 

exposed to thionazin "in vitro" to determine whether the free living 

nematode, P.redivivus is more susceptible to thionazin than the 

plant parasitic, and mycophagous species. 	The effect of the exposure 

was assessed by the 24 hour movement assay. 

Experimental 

About 4000 nematodes were exposed to an aqueous solution of 

1000 ppm thionazin for three hours. 	After treatment nematodes were 

washed by sucking up the solution from the litre beaker with a 

scintered glass filter stick. 	The treated nematodes were allowed 

to stand 24 hours before doing the movement assay (page93 ). 
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Replication was twofold. 

Results  

The results (table 17) show that thionazin had no effect on 

D.dipsaci, supporting previous findings (tables 10 and 12), and 

caused only slight inhibition of movement in both A.avenae and 

P.redivivus. 

Table 17  

The effect on D.dipsaci, A.avenae and P.redivivus of "in vitro" 

exposure to 1000 ppm thionazin for three hours. 

Nematode 
	Nematode 	Mean 	Percentage 

counts 	mortality 

D.dipsaci  Control 	3760 
3840 

3800 

  

Treated 	3800 
3760 

3780 	0.5 

A.avenae Control 	3570 
3915 3743 

 

Treated 	3150 
2880 

3015 	19.4 

P.redivivus 	Control 	4160 
29 25 3543 

Treated 	2540 
3510 

3025 	15 
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SECTION 2 	THE EFFECT OF THIONAZIN ON NEMATODE 

• 
'ACTIVITY' 

Introduction  

"In vitro" assays are usually designed to reveal the 

mortality caused by a compound during a limited period of exposure. 

In the case of thionazin it is now clear that no mortality appears 

to occur during exposures of up to 24 hours, even at high concentrations. 

There may however be an effect of the behaviour of the nematodes which 

could not be detected by the movement assay. 

Oliff (1965) noticed that thionazin had an effect on the 

movement of A.avenae and T.aceti. When A.avenae was inoculated 

onto agar plates which had been impregnated with 0, 0.04, 0.2 and 

1 ppm thionazin, and on which fungus was growing, the nematodes on the 

highest treatments exhibited greatly reduced activity; they tended 

to move in a jerky manner, or to roll up, but movement continued for 

a long time. 	The movement of T.aceti, exposed to concentrations of 

0, 4, 40 and 400 ppm thionazin for 27 hours, was also affected although 

this effect was not detected by the movement assay; the nematodes dropped 

to the bottom of the container and continued to move, but in a jerky 

manner. 	Since such observations were not done on D.dipsaci, an 

attempt was made to determine the effect, if any, of thionazin on the 

activity of D.dipsaci. The effect of thionazin on the activity of 

A.avenae and P.redivivus was also investigated. 
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a) Preliminary observations on the activity of D.dipsaci, A.avenae  

and P.redivivus "in vitro" 

Croll (1966) measured the activity of Trichonema larvae by 

the frequency of body undulations in 30 seconds, one wave being taken 

as a complete cycle at the anterior end. 	A similar criterior of 

activity was used in this experiMent by noting the frequency of 

undulations per minute. 

. Materials and Methods. 

Observations were done on individual nematodes in observation 

chambers which consisted of small wells, A inch in diameter, which had 

been pressed into a strip of perspex. 	Into each well was placed a drop 

of water or thionazin, a single adult nematode was added, and undulation8 

per minute noted. 	Observations were done at room temperature (20°C). 

If tha nematodes were to be kept for longer than one hour, the perspex 

strips were placed in a moist petri dish to prevent evaporation. 	The 

activity of the nematodes in water was determined before observations 

were made in thionazin. 	Replication was five fold for P.redivivus and 

A.avenae and ten fold for D.dipsaci. 

Results  

The activity of P.redivivus  

P.redivivus was continuously active in water (table 18) and little 

variation between individuals was observed during the first two hours of 

observation, which makes P.redivivus partivIlarly well suited for this 

type of study. However, there was an increase in the standard error with 

time due to a general reduction in the rate of oscillation which began 

sooner in some individuals than in others. The drop in activity is not 
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Table 18  

The activity of P.redivivus in tap water measured as undulations  

per minute after various intervals of time. 

Time 
mins. 1 

nematode individual 
2 	3 	4 5 mean S.D. 

0 170 145 158 144 174 158 13.83 

30 161 164 134 160 167 157 13.26 

60 168 111 148 139 164 146 22.84 

90 191 151 141 139 169 158 21.85 

120 175 120 128 110 161  139 27.85 

150 175 138 152 57 174  139 48.52 

220 161 111 45 38 177 106 64.1 

255 157 132 36 48 181 . 111 65.3 

315 152 141 26 65 65 90 54.29 

Table 19 

The activity of P.redivivus in 1000 ppm thionazin measured as  

undulations per minute after various intervals of time. 

Time 
mins. 1 2 

nematode individual 
3 	4 	5 mean S.D. 

0 183 175 153 169 148 166 14.76 

30 17 114 95 123 108 91 42.82 

6o 7 6 33 24 40 22 15.25 

90 4 4 21 11 20 12 8.28 

120 ' 	3 7 15 8 6 8 4.39 

150 2 2 0 4 6 3 1.73 

180 1 2 1 2 1 2 0.87 
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Table 20 

The activity of A.avenae in tap water measured as undulations  

per minute after various intervals of time. 

Time 
mins 1 2 

nematode individual 
3 	4 5 mean S D 

0 3 10 13 1 12 7.8 5.45 

90 3 7 12 1 6 5.8 4.2 

150 4 5 15 1 9 6.8 5.4 

240 2 11 4 0 4 4.2 4.1 

Table 21 

The activity of A.avenae in 1000 ppm thionazin measured as  

undulations per minute after various intervals of time  

Time 
mins 1 2 

nematode individual 
3 	4 	5 	6 7 mean S D 

0 

120 

180 

6 
1 y 

0 

1 

0 

0 

4 

0 

1 

0 

0 

2 

I 

0 

12 

0 

0 

6 
t 
2  

0 

4.7 

0.3 

0 

3.98 

0.39 

Table 22  

The activity of D.dipsaci in tap water measured as undulations 

per minute after various intervals of time  

Observation 1 2 3 4 5 6 7 8 9 10 mean S D 

1 1 0 6 0 43 22 7 3 2 13 9.7 13.58 

2 28 0 14 14 0 13 0 5 2 1 7.7 9.32 

3 0 0 15 38 28 17 7 2 2 0 10.9 13.38 

4 0 32 18 22 0 1 17 9 0 0 9.9 11.66 

5 0 240000021 6 05.1 9.39 

24 hrs later 
1 41 8 6 5 59 25 20 26 13 21 22.4 16.93 

2 13 41 7 17 32 6 0 0 0 0 11.6 14.53 

3 0 8 2 34 30 43 46 20 20 48 25.1 17.93 
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understood and is probably not a normal effect of time since 

Santmeyer (1956), using a similar method to measure motility in P. 

redivivus, obtained no difference between freshly extracted nematodes, 

and nematodes which had been starved for 24 and 48 hours. A possible 

explanation could be that high amounts of chlorine in the tap water had 

affected the nematodes. 

The effect of thionazin on the activity of P.redivivus was to cause 

a drop in the frequency of oscillations so that after three hours there 

was practically no movement (table 19). 

The activity of A.avenae  

The activity of A.avenae in water (table 20) was much lower than 

that of P.redivivus, and the variation in oscillations per minute between 

nematodes was also greater. The effect of thionazin was to cause 

inhibition of activity after two hours exposure (table 21 ). 

The activity of D.dipsaci  

There was great variation in the frequency of undulations per 

minute between individuals of D.dipsaci (table 22 ) so that for a reliable 

determination of activity it would be necessary to greatly increase the 

replication. 	The impracticability of this meant that determinations of 

activity by observations of undulations in individuals was unsuitable for 

D.dipsaci. 

b) A technique for measuring activity o D.dipsaci  

Since the technique described in experiment a (page109) was not 

considered suitable for D.dipsaci, it was decided to use another method 

in which large numbers of nematodes could be used, thereby eliminating 

individual variation. 	Bird and Wallace ( 1965) determined larval 
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motility in Meloidogyne larvae by measuring numbers of nematodes 

migrating down a sand column into water per hour. A similar 

technique was attempted in which the rate of movement of nematodes 

through a tissue was to be the criterion of activity. 

Determination of the rate of passage of D.dipsaci through a tissue  

About 4000 untreated freshly revived fourth stage larvae were 

filtered onto a No.1 filter paper using a Millipore filter funnel, 

and placed nematode side down on a tissue over water - as in the 

movement assay (page101) using the same apparatus (plate 1)- 	After 

exactly 15 minutes, the basket containing the tissue and filter paper 

was lifted from the tray, and placed into a second tray which 

contained an equal amount of water (45 ml). The process was repeated 

after a further 15 minutes, and again 30 minutes later, and the 

basket was left in the final tray for at least 24 hours. The 

nematodes in each tray were counted and thus the numbers which had 

passed through the tissue in 15, 30 and 60 minutes were determined. 

After 24 hours, all the nematodes had passed through, so the total 

number originally used could also be determined. 	Replication was 

six-fold, and  the temperature in this and future experiments was not 

allowed to vary beyond ivq. and 21°C. 

Results 

The numbers of nematodes which passed through the tissue at 



Fig. 2-"_ 

The passage of D.dipsaci through a tissue filter. 

( Each point is the mean of six replicates 

with the standard deviation) 
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each time appear in table 49 (appendix). The percentage 

through in 15, 30 and 60 minutes was determined from the total 

number originally used and is shown in table 50 (appendix). 

In figure 23 the rate of passage through the tissue is illustrated, 

showing that almost 100 percent of the nematodes were through by one 

hour. Any effect on the rate will raise or lower the slope of 

the curve, thereby providing a sensitive measure of the response. 

Each point on the curve is the mean of six replicates, and the 

standard deviation shows there is little variation between similar 

samples confirming the constancy of the recovery. In future 

experiments, replication was twofold. 

c) The effect of thionazin on rate of activity of D.dipsaci  

An experiment was done using the above technique to see 

whether exposure to thionazin for a limited period has a detectable 

effect on activity. 

Samples of about 5000 nematodes were exposed to 500 ppm 

thionazin for 75 minutes. 	After the exposure, the nematodes were 

washed rapidly on a Millipore filter funnel, and their activity 

compared with that of untreated nematodes. By returning treated 

nematodes to water to measure their activity, it was possible that 

the effect of thionazin may be altered. 	The determinations of 

activity in treated and untreated nematodes were thus done in both 

water and 500 ppm thionazin. 

Results 
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Fig. 24  

The rate of movement of D.dipsaci  in water 

and 500 ppm thionazin after no treatment and 

after 75 mins exposure to 500 ppm thionazih. 
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The number of nematodes which passed through the tissue 

after various time intervals are shown in tables 51 and 52 (appendix) 

together with the cumulative totals. The percentage nematodes 

passing through the tissue was also determined for each treatment 

from the cumulative totals. The effect of thionazin on activity 

is illustrated in fig 24 from which it is clear that exposure 

to thionazin has a profound effect on the activity of D.dipsaci. 

However, the effect is not instantaneous since the passage of 

untreated nematodes in thionazin did not differ greatly from their 

passage in water. Also, determinations of activity after treatment 

did not differ greatly whether they were done in water or thionazin. 

d) The effect of concentration and time on the activity of 

Ddipsaci in thionazin 

The previous experiment demonstrated that thionazin had a 

marked effect on the activity of D.dipsaci at a concentration 

and exposure which previous "in vitro" assays had found to be 

ineffective. 	It was therefore decided to expose nematodes to a 

range of concentrations of thionazin for different periods of time, 

and to measure the effect by returning them to water immediately 

after treatment and estimating their rate of passage through a 

tissue. 	Since all factors which influence nematode activity 

could not be controlled, an untreated sample was included on each 

treatment occassion. 



Fig. 25  

The effect of different exposures to thionazin 

on the activity of D.dipsaci measured by numbers 

passing through a tissue in 15 minutes. 
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Experimental  

Approximately 4000 nematodes were exposed to 0, 10, 100 

and 1000 ppm thionazin for 3, 9, 27, 54, 81 and 243 minutes, and 

to 1 ppm for 9, 27, 81 and 243 minutes. 	In order to draw a 

comparison between the various exposures a point was chosen on the 

steep part of the control curve (fig. 23 ) such that any reduction 

in rate would cause a drop in the number of nematodes passing 

through the tissue at that point. The percentage nematodes 

passing through the tissue in 15 minutes was taken as the standard. 

The effect of thionazin was then determined by reference to the 

control as percentage reduction in activity. 

Results  

The numbers of nematodes passing through the tissue in 15 

minutes and the total numbers recovered are shown in table 53 

(appendix), together with the determinations of percentage passage 

of nematodes in 15 minutes and percentage reduction in activity. 

The effect of concentration and time on nematode activity is 

illustrated in fig. 25 . 	Thionazin had a rapid effect on the 

activity of D.dipsaci, particularly at high concentrations; but 

even at a concentration as low as 1 ppm there was an effect within 

four hours. 

e) The effect of concentration and exposure time on the activity 

of P.redivivus 

Activity of untreated nematodes  



Fig.26 

The passage of D.dipsaci, P.redivivus and 

A.avenae through a tissue filter. 
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A = P.redivivus  
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The rate of passage of untreated P.redivivus through a 

tissue filter was determined as described for D.dipsaci (page 

replication being twofold. Two samples of about 4000 nematodes 

were filtered onto a No.1 filter paper and the number of nematodes 

passing through a double Kleenex tissue in 15, 30 and 60 minutes 

were estimated together with the total numbers used. 

The nematode counts appear in table 54 (appendix), and 

fig.26 illustrates the rate of passage of the untreated nematodes. 

Activity of treated nematodes.  

The effect of thionazin on the rate of activity of P.redivivus  

was estimated in the same way as for D.dipsaci so that a comparison 

could be made between the behaviour of the two nematodes. 

About 4000 nematodes were exposed to 0, 100, 1000 ppm thionazin 

for 15, 30 and 60 minutes. 	Since the movement curves for D.dipsaci  

and P.redivivus were so similar (fig.26 ), the effect of thionazin 

was again based on numbers passing through the tissue in 15 minutes. 

Results  

The nematode counts and determinations of percentage passage 

in 15 minutes are shown in table 55 (appendix), together with 

percentage reduction in activity. 	Fig 27 illustrates the effect 

of 1000 ppm thionazin on the activity of P.redivivus and D.dipsaci  

and suggests a similar effect on movement in the two nematodes 

although D.dipsaci seemed to respond to the treatment more rapidly 

than P.redivivus. 

121 

113 
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The effect of 1000 ppm thionazin on the activity 

of D.dipsaci and P.redivivus measured by numbers 

passing through a tissue in 15 minutes. 
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Since the effect of thionazin on the activity of P.redivivus  

was assessed by two techniques, the first being undulations per 

minute (page 109), and the second rate of passage through a tissue, 

a comparison between the two was made (fig 37 appendix). 	A similar 

response was detected by both methods, but rate of passage through 

the tissue (based on numbers passing through in 15 minutes) seemed 

to be a more sensitive estimate. 

f) The effect of concentration and exposure time on the rate of 

activity of A.avenae. 

Activity of untreated nematodes. 

The rate of passage of untreated A.avenae through a tissue 

filter was determined as described on page 113 for D.dipsaci, 

replication being twofold. 	Two samples of about 5000 nematodes 

were filtered onto a No.1 filter paper, and the number of nematodes 

passing through a double Kleenex tissue in 15, 30 and 60 minutes 

were estimated, together with total numbers used. 

The nematode counts are shown in table 56 (appendix) and 

fig. 26 illustrates the rate of passage through the tissue; the 

movement of A.avenae was slower than both D.dipsaci and P.redivivus. 

Activity of treated nematodes. 

About 5000 nematodes were exposed to 0, 100, and 1000 ppm 

thionazin for 15, 30 and 60 minutes. 	Since the passage of A.avenae  

through a tissue filter was much slower than. D.dipsaci and P.redivivus, 
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the effect of thionazin was based on the percentage nematodes which 

passed through the tissue in 60 minutes. 

Results  

The nematode counts and determinations of percentage passage 

in. 15 minutes are shown in table 57 (appendix) together with the 

determinations of percentage reduction in activity. 	The effect of 

thionazin could not be illustrated graphically for A.avenae because 

activity was greatly reduced even at the lowest concentration and 

exposure, 

g) The recovery of D.dipsaci after exposure to thionazin  

It is now apparent that during "in vitro" exposures of D. 

dipsaci to thionazin the activity of the nematodes is reduced, 

the effect being greater at high concentrations and exposures. 

The reduced activity ought to have affected invasion yet as seen 

in experiment a Section II, nematodes exposed to 5000 ppm thionazin 

for up to two hours were just as viable as the controls, indicating 

that recovery occurs when nematodes are removed from thionazin: 

The ability of D.dipsaci to recover after exposure to thionazin was 

thus investigated. 	Determinations of activity were based on rate 

of passage through the tissue (page 113). 

Experimental  

Nematodes were exposed to 0, 100, and 1000 ppm thionazin for 

15, 30 and 60 minutes. 	After treatment, they were washed thoroughly 

to remove all traces of thionazin and returned to water. The rate 
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of movement was determined immediately and at intervals thereafter 

until normal activity was regained. 

Washing procedure following exposure  

After treatment, the contents of each tube were poured onto 

a No.50 filter paper supported on a Millipore filter funnel. 	The 

solution was rapidly filtered and a further 150 ml water passed 

through. The filter paper with the nematodes was removed and placed 

into an 150 ml beaker containing about 70 ml water, where it was 

agitated so that the nematodes fell from it into the water. 	The 

filter paper was lifted out and any remaining nematodes washed from 

it into the beaker using a wash bottle. The same procedure was 

repeated, and the nematodes were then left in the second beaker of 

water until recovery was to be assessed. 

Test for washing procedure  

Since nematodes were kept in the final wash to recover, it was 

important that no trace of thionazin should exist which could affect 

activity, for as experiment d(page 117) has shown even low amounts 

will eventually affect movement. 	It was also necessary to determine 

losses which may have been incurred during washing. 

10 ml of 1000ppm thionazin was poured onto a No.50 filter 

paper on a Millipore filter funnel, and sucked through. 	The filter 

paper was removed and agitated in an 150 beaker half filled with 

water, then rinsed and removed. 	The resulting solution constituted 

the result of one wash. 	The procedure was repeated with a second 

wash, and again with a thild wash, and the three solutions tested to 
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see if there was any trace of thionazin which could affect the 

nematodes. 

About 3600 nematodes were exposed to the solutions for 24 

hours; a water control was also included. Their rate of passage through 

a tissue was then assessed, and numbers of nematodes passing through 

the tissue in 15, 30 and 60"minutes appear in table. 58 (appendix). 

The effect of each solution on rate of passage is shown in fig. 38 

(appendix). 

Since there was a slight effect in the solution resulting from 

one wash, two washes were used in the recovery experiments. 

Losses during the procedure were negligible. 

Results  

The nematode counts appear in tables 59 (appendix). 	In 

order to compare the recovery of activity after different exposures, 

the effect of thionazin on numbers passing through the tissue in 15 

minutes was determined as for experiment d (page 117) and is 

illustrated in figs 28 and 29 . 	A gradual return to normal began 

after the first day in water, the return taking longer with longer 

periods of exposure and higher concentrations. However, exposures 

to both 100 and 1000 ppm for 15 and 30 minutes showed an unexpected 

further drop in activity on the first day and it is possible that 

the delayed effect had also occurred with the 60 minute exposures, 

but had escaped detection by the technique. 
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Fig. 28  

Recovery of activity in D.dipsaci after 15, 30 

and 60 minutes exposure to 100 ppm thionazin. 
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Fig. 29  

Recovery of activity in D.dipsaci after 15, 30 

and 60 minutes exposure to 1000 ppm thionazin. 
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DISCUSSION 

The results of the standard "in vitro" tests in which 

D.dipsaci fourth stage larvae were exposed to thionazin for 

limited periods (tables 10 and 12), demonstrated the ineffectiveness 

of thionazin as a contact nematicide and are in agreement with 

observations by other investigators (Purnell 1963; Oliff 1965). 

The onion seddling invasion assay confirmed that the viability of 

the treated nematodes had not been affected (tables 11 and 13). 

The high losses after treatment in experiment a (page 92 ) meant 

that fewer nematodes were used in the invasion test than had been 

anticipated, but in spite of this, a high proportion invaded within 

seven days (about 50 percent), and it is therefore difficult to 

understand why Purnell (1963) obtained no invasion. A possible 

explanation is that the present assay was done in January at which 

time the invasion potential of the nematodes is at its highest 

(Webster 1964b). 

The experiments done to investigate the effect of solvent and 

emulsifier during "in vitro" exposures revealed a higher mortality 

when certain combinations of solvent and emulsifier were used. 

The greatest inhibition of movement was in formulations where xylene 

was used as solvent and must therefore be attributed to xylene. 

When acetone was used, mortality was considerably lower and probably 

hot significant. Moje (1959), and Thomason and Baines (1969) found 

that the inclusion of acetone in their treatment solutions did not 
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significantly increase mortality which supports present 

observations. Triton X100 had no apparent effect, and Tarjan 

(1955) also found it to be totally ineffective against D.dipsaci. 

One failing of the standard "in vitro" tests is the limited 

period of exposure used by most investigators which is unrealistic, 

particularly in the case of thionazin which persists in both plants 

and soil for a longer period than the duration of most assays. 	The 

results of the extended exposure experiment demonstrated that a 

concentration which was apparently ineffective against D.dipsaci.  

"in vitro" can lead to a considerable mortality given a longer , 

exposure period. Oliff (1965) observed that when A.avenae was exposed 

    

to concentrations of 4, 40 and 400 ppm thionazin for two weeks there 

was a great reduction in movement at the highest concentration and 

no reproduction was observed. 	Oliff's observations are similar to 

those described in this study (page 99  ) where D.dipsaci was 

exposed for extended periods to thionazin; both movement and re-

production were affected after nine days exposure at 1000 ppm 

thionazin. 

The results of the onion seedling invasion assay after extended 

exposures are in agreement with the movement assay, viability being 

affected only at the highest concentration and the effect being more 

pronounced with longer exposures. In view of the agreement between 

the two techniques, the movement assay is a reliable measure of 

mortality for thionazin. 	However, all active nematodes do not pass 

through the filter in 24 hours and therefore, to get a more 
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accurate assessment of the effect, the duration of the assay 

should be extended. 

It was unfortunate that the amount of thionazin present in 

the test solutions for the extended exposure experiment had not 

been determined chemically. Thionazin is stable towards hydrolysis 

in neutral solutions (Cyanamid, personal communication), although its 

stability is less at very high temperatures. By maintaining the 

experiment at 10°C hydrolysis was probably low, unless the nematodes in 

the solution were able to metabolise the compound. There is no 

available information on the metabolism of thionazin by nematodes but 

evidence by Nelmes (1971) has shown that aldicarb, an organ-carbamate, 

is taken up by the nematodes where some metabolism occurs, the metabolites 

being then released into the bathing solution. 

In the experiment where the effect of "in vitro" exposure to 

thionazin of the free living nematode P.redivivus was compared to 

that of D.dipsaci and A.avenae, a slight inhibition of movement was 

observed in both P.redivivus and A.avenae but not in D.dipsaci  

(table 17 ).  Since A.avenae was affected to the same degree as 

    

P.redivivus there is no indication that the free living nematode 

was more susceptible because it may have imbibed the medium. Oliff 

(1965) exposed the mycophagous nematodes D.myceliophagus and A.avenae 

and the free living nematode T.aceti to thionazin and found no 

significant effect on movement using the movement assay. 	He then 

determined viability by returning the mycophagous species 
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to fungal plates, and T.aceti to vinegar cultures, and measuring 

subsequent growth of the population. 	"In vitro" exposure to 

thionazin had no effect on D.myceliophagus and A.avenae, but 

reproduction of T.aceti was severely reduced indicating a greater 

susceptibility, probably, Oliff thought, because this nematode 

had imbibed the medium. 	It was unfortunate that the viability 

of P.redivivus after treatment was not determined. 

Reports by other investigators who have compared the responses 

of plant parasitic and free living nematodes to nematicides are 

variable. 	Spaull (1967) compared the effect of CBP and Stannicide 

AQ (SAQ) on different nematodes and noted a similarity in response 

between A.avenae and P.redivivus which were both more sensitive than 

D.dipsaci and D.myceliophagus. Kampf.e (1963) also found P.redivivus  

was more sensitive to certain chemicals (eg. Vapam) than Heterodera  

larvae. 	Simard (1964) on the other hand, decided P.redivivus was 

less susceptible than A.avenae, D.myceliophagus and FS.raphelenchus sp. 

to D.D.(Dichloropropane - Dichloropropcne mixture).Tarjan (1955) 

compared the effedt of various nematicides (Triton X188,Philips 

Nematicidal Mixture P.N, Triton X100,Triton X45,a dihydroxybenzene, 

an unsaturated aliphatic acid and chloropicrin) on a range of 

nematodes, and found P.redivivus to be as susceptible as Meloidogyne  

and Ditylenchus. McBeth and Bergeson (1953) also reported that 

differences in specificity were probably negligible although certain 

resistant stages such as cysts would obviously be less affected, 

The variations in the response of nematodes to chemicals 

suggest that differences exist in the mode of action which may or 
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may not be influenced by differences in behaviour or physiology 

between nematodes. Thus, where a similar response is found for 

different nematodes, the chemical probably acts independently of 

physiological and behavioural differences, perhaps by penetrating 

the cuticle and affecting a common enzyme system. Where nematodes 

vary in their susceptibility, interspecific behavioural and 

physiological differences may influence the mode of action of the 

chemical. Patrick, Sayre and Thorpe (1965) found the plant 

parasitic nematodes Meloidogyne incognita and Pratylenchus penetrans  

to be much less resistant to extracts from decomposing rye than the 

saphrophytes Rhabditis sp., Cephalobus sp.and Plectus sp. Clearly, 

free living nematodes are pre-adapted physiologically to survive in 

the presence or decomposing plant matter, probably because saphyrophjrtic 

nematodes have evolved in an enviroment that abounds in decomposing 

plant residues while plant parasitic species are not usually found 

in such enviroments (Sayre et al 1965). 	Physiological differences 

which pre-adapt to greater tolerance of nematicides may also occur with 

in the same species;Staniland and Stone (1953) showed that revivified 

"eelworm wool" was more resistant than other stages of D.dipsaci. 

The way in which differences in behaviour and physiology may 

affect the action of thionazin on different nematodes will be returned 

to in the general discussion. 

The techniques employed for measuring the activity of nematodes 

were dependent upon certain fundamental differences in the movement 
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of free living and plant parasitic nematodes. Whereas P. 

redivivus was continuously active and exhibited little variation 

between individuals, A.avenae, and more particularly D.dipsaci, 

showed great variation between individuals. 	Croll (1970) 

discussed the initiation of activity in nematodes in relation to 

their biology and stated that free living species such as P.redivivus  

are continuously active under uniform conditions but plant parasitic 

species such as D.dipsaci have spontaneous periods of activity and 

inactivity. 	Doncaster and Webster (1968) also described the 

variation in the activity of individual D.dipsaci, confirming present 

observations. By determining the rate of passage of a large number 

of nematodes through a tissue filter, individual variation was eliminated; 

in fact, surprisingly consistent rates were obtained using the filter 

technique with negligible variation between replicates. 

If it is assumed that the frequency of undulation in solution 

determines the rate of passage through the filter, it would - be 

expected that P.redivivus would pass through at a much faster.  rate 

than D.dipsaci and A.avenae. 	In fact, the rates of passage of 

untreated P.redivivus and D.dipsaci were very similar, and A.avenae  

was much slower than both (fig 26 ). 

An explanation for the relatively high rate of passage of D. 

dipsaci could be that nematodes were stimulated by contact between 

the filter paper and the tissue. 	That mechanical stimulation 

increases activity in D.dipsaci was observed by Doncaster and Webster 

(1968), and Croll (1970) reports the initiation of activity in 

Trichonema larvae by mechanical stimulation. 
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Once stimulated, the higher rate of oscillation in D.dipsaci  

would explain why most nematodes were through the filter in 

about 15 minutes. Activity was probably enhanced by the fact 

that before passing through the tissue nematodes were in a thin 

film on the surface of the water where oxygen tension was high. 

Activity was therefore measured under conditions conducive to high 

mobility in D.dipsaci. 	It is probable that A.avenae was stimulated 

by the same factors, but its slower rate of passage through the 

tissue (fig 26 ) indicates that it responded to the stimulation to a 

lesser degree that D.dipsaci, or that it was incapable of undulating 

at an equally high frequency. P.redivivus is as active after 

mechanical stimulation as under uniform conditions (Croll 1970) 

therefore, its rate of passage through the tissue should be a 

reflection of its activity measured as undulations per minute. The 

similarity in the response of P.redivivus to thionazin when the 

technique based on undulations per minute was compared to that based 

on movement through a tissue (fig 37 ), confirms this suggesticin. 

The preliminary determination of the effect of thionazin on the 

activity of D.dipsaci revealed a considerable reduction in the rate 

of movement, at a concentration and exposure lower than that which 

had been used in the standard "in vitro" tests (fig 24 ). 	The 

reason why the effect of thionazin was not detected by the movement 

assay is because thionazin does not totally inhibit movement at the 

concentrations and exposures used in the standard "in vitro" tests, 

and thus treated nematodes are able to pass through the tissue within 
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24 hours. • 

The extent of the reduction in activity caused by thionazin 

depends upon the concentration and exposure time, the effect being 

fastest at the highest concentrations, and increasing with longer 

exposure. Thus, even at the lowest concentration thionazin 

produced a detectable effect within four hours (fig 25 ). When 

an attempt was made to compare concentration time products (CTP) 

there was found to be no simple relationship. 

P.redivivus and A.avenae responded in the same way as D.dipsaci  

when exposed to thionazin "in vitro" there being a rapid effect on 

movement which increased with higher concentrations and exposures. 

A comparison of the responses of the three nematodes revealed 

variations in their susceptibilities, A.avenae being most rapidly 

affected, followed by D.dipsaci, while P.redivivus was the most 

resistant. 

In view of the similarity in the response between the three 

nematodes, a similar mode of action is indicated, and thus the 

idea that free living species are more susceptible to thionazin 

because the compound requires to be ingested must be refuted. 	In 

fact, P.redivivus which may have imbibed the compound was the slowest 

to respond. 	The observed effect must therefore be attributed to 

penetration through the cuticle. 	Variations in susceptibility 

initially could then be due to differences in rates of penetration 

Spaull (1967) suggested that perhaps A.avenae was more sensitive 

to nematicides than Ditylenchus spp because a high proportion of 

the nematodes are females, and it is possible that females are 
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more susceptible if chemicals are able to penetrate the vulva 

more easily than the cloaca of males. The sizes of the 

nematodes could be another reason for differences in the rate of 

response since a relatively long thin nematode such as D.dipsaci  

may be more susceptible as it has a larger surface area than a 

fatter nematode suck, as P.redivivus. 

Since there is no evidence of any relationship between the 

initial response to thionazin and subsequent mortality in different 

species, it would probably be erroneous to place much, if any 

significance on time taken for the primary effect. 

Observations on the recovery of normal activity by nematodes 

after exposure to thionazin were done on D.dipsaci alone. 	The 

time required for complete recovery was found to be related to the 

degree of inhibition of activity during the exposure; the greater 

the effect, the longer the time taken for recovery. 	It was 

interesting to note that in the 15 and 30 minute exposures, a 

further drop in activity was noticed on the first day after 

returning the nematodes to water indicating a delayed effect. 

The implications of this observation will be returned to in the 

general discussion. 
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INTRODUCTION 

The behaviour of nematodes and the action of thionazin may 

be modified by the host plant; hence observations "in vitro" must 

be backed by further investigations on the behaviour of nematodes 

"in vivo". 

Onion seedlings were used to .investigate the behaviour of 

D.dipsaci, the observations being limited to studies of invasion 

and reproduction. 	Observations of "feeding behaviour" in relation 

to thionazin were made using A.avenae which was particularly well 

suited for this type of study as it is easily cultured on a wide 

range of fungi (Townshend 1964) and it feeds in regular short burst 

(Fisher and Evans 1967) which are easily observed and measured. 
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SECTION 1 	MATERIALS AND METHODS  

a) Experiments with D.dipsaci using onion seedlings  

Nematodes were obtained by reviving "eelworm wool" in the 

manner described on page92 . 	Onion seedlings, variety Bedfordshire 

Champion, were germinated on moist filter papers in petri dishes 

and used when the radicle was about one cm. long. Experiments were 

done between the months of November and March when the invasion 

potential was high (Webster 1964b). 

Three media were used for invasion: 

(i) Filter papers in 9 cm. petri dishes  

Most experiments were done on moist filter papers as described 

for the onion seedling invasion assay (page 94 ). Filter papers 

were particularly suitable in cases where invasion was investigated 

immediately after treatment since the nematodes could be filtered 

rapidly from the treatment solution onto the filter paper as described 

on page 101 . 

(ii) A water agar medium  

An agar medium was required in experiments where thionazin was 

to be incorporated into the medium. 	A 0.5 percent water agar 

solution was autoclaved at 15 psi pressure for 15 minutes and 20 ml 

poured into sterile nine cm. petri dishes. 	If thionazin was to be 

incorporated into the agar, 20 ml water agar was autoclaved in McCartny 

bottles and thionazin, at a concentration 20 times that required 

dissolved in one ml acetone, was added to each bottle while the agar 

was still hot. 	The bottles were shaken viorously to disperse the 
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thionazin, and the agar was poured into a nine cm. sterile petri 

dish. 	It is probably fair to assume that the acetone, which boils 

at 56°C, had evaporated when added to the agar. When the agar had 

solidified, nematodes were added as a suspension in -2-  ml water and 

spread evenly over the surface of the agar so that a thin film 

containing the nematodes was formed. Onion seedlings were then 

added evenly over the surface. 

(iii) Soil 

Sterilised soil was passed through a sieve to remove large 

particles, and 70 ml was placed into 21 inch plastic pots. 	Sufficient 

water was added to just moisten the soil, and a nematode suspension was 

poured over the surface. 	A further 30 ml soil was placed over the nematodes 

and the pots rewatered. 	Onion seedlings were planted evenly on the 

surface of each pot and the pots were placed in plastic boxes and 

maintained in a 20°C growth room. Care was taken to ensure the soil was 

constantly moist. 

The onion seedlings were examined for nematode invasion and 

egg laying by removing them from the.petri dishes or pots and 

staining in acid fuchsin and lactophenol as described on page q4 

b) Observations on the feeding behaviour of A.avenae  

Potato dextrose agar was autoclaved at 15 psi for 15 minutes, 

and poured into a nine cm. petri dish forming as thin a layer as 

possible across the base of the dish. 	Thionazin was incorporated 
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as described above. The agar was inoculated with the fungus 

Botrytis cinerea, and the plates kept in moist chambers in order 

to prevent dehydration of the agar. The plates were ready for use 

as soon as the funguS had covered the agar. Older plates were not 

used to avoid possible effects of ageing of the fungus or chemical on 

the behaviour of the nematodes. 

Micro-observation chambers were prepared in the following 

manner. A 22 mm square coverslip was attached to the base of an 

aluminium slide using nail varnish, and a plug of agar, cut from 

the plate of B.cinerea with an eight mm diameter cork borer, was 

placed in the centre of the coverslip, fungus side uppermost. 	A 

single female A.avenae taken directly from an old fungal culture 

was placed in the centre of the agar.plug, covered with a round 19 mm 

diameter coverslip, and the first observations on the behaviour made 

immediately. The upper coverslip was then sealed to the lower with 

vaseline to prevent dehydration before subsequent observations. 

Nematodes in micro-observation chambers prepared in this way and kept 

in moist chambers could could be observed for over a month if necessary. 

The use of an aluminium slide meant that the behaviour of the nematode 

which may have wandered through the agar could still be observed 

closely by reversing the slide. 	Unfortunately, nematodes occasionally 

wandered off the 'agar onto the coverslip and were then lost; in such 

cases another preparation was made and the observations repeated. 
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c) Observations on the feeding of P.redivivus  

The feeding of P.redivivus could be observed by adding Indian 

ink to the medium in which the nematodes were contained (Doncaster 1962) 

Micro-observation chambers were prepared in the same way as for 

A.avenae except that a plug of water agar free from fungus was used. 

Indian ink particles were incorporated into the solution of thionazin, 

or water in the case of the control. A drop of the solution was 

placed on the agar plug, a single mature P.redivivus was added and 

the preparation covered with the round coverslip. 
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SECTION 2 	T1 EFFECT OF THIONAZIN ON INVASION BY 

D.DIPSACI EXPOSED TO ONION SEEDLINGS  

a) Invasion of onion seedlings in different media  

The ability of D.dipsaci fourth stage larvae to invade onion 

seedlings in the following media was investigated: 

(1) Filter papers in petri dishes 

(ii) Water agar in petri dishes 

(iii) Sandy soil 

(iv) Clay soil 

Experimental  

About 1000 nematodes and 15 onion seedlings were used to each 

pot or petri dish. The experiment was maintained at 18-20°C for 

two weeks after which the seedlings were stained and the number of 

nematodes and eggs counted. The experiment was done between the 6th 

and 20th November 1969, and replication was five-fold. 

Results  

The number of nematodes invading and the number of eggs produced 

are shown in table 23 
	

The invasion of the seedlings was negligibl 

in soil, low on filter papers, but extremely high on agar. 	Observations 

on the distribution of the nematodes on the agar plates revealed 

aggregations around the seedlings soon after they had been placed onto 

the agar. 
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Table 23 

The total number of nematodes which invaded onion seedlings  

and number of eggs produced using four different media (mean 

of five replicates) 

Medium 	Number of 	Number of 
nematodes 	eggs 

filter paper 29 55.4 

Agar 297 348 

Sandy soil 3 0 

Clay soil 2.4 0 

b) The effect of thionazin on invasion and reproduction  

A preliminary experiment was done to determine how effective 

thionazin is in protecting against invasion by D.dipsaci. 

Experimental  

Onion seedlings were dipped in 100 and 1000 ppm thionazin 

for 5, 15 and 30 minutes. 	The exposures were as follows: 

(i) Before any nematode invasion 

(ii) After two days nematode invasion 

(iii) After five days nematode invasion 

A control was included in which seedlings received no treatment. 

After seven days nematode invasion, the seedlings were all stained 

in acid fuchsin and lactophenol, and examined for nematode invasion 

and egg production. 
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Results 

The number of nematodes which invaded and egg production are 

shown in table 24 . There was no replication as this was a 

preliminary experiment, but the main effects of the dip are clear. 

Duration of the dip had no effect, the seedlings being sufficiently 

small to take up enough of the compound in five minutes, and 

concentration only slightly enhanced protection. The time when the dip 

was applied had the greatest effect, there being hardly any invasion 

when seedlings were treated before any invasion (day 0) or after 

two days invasion, but higher numbers of nematodes were found in 

seedlings treated after five days invasion. 

The condition of the nematodes in seedlings which had received 

an early dip was abnormal (see table 24 ); instead of being straight, 

the body wall haducontracted" around large vacuoles (probably oil droplets) 

which occupied the body of the nematode. 



Table 24 

Invasion by D.dipsaci of onion seedlings dipped in thionazin 

before nematode invasion and two and five days after nematode  

invasion 

Conc 
ppm. 

Day of 
dip 

Duration of 
dip - mins. 

Number of 	Number of 
nematodes 	eggs 

Untreated 215 	 43 

100 0 5 8* 
15 2* 
3o 0 

2 5 3 
15 0 
30 32 

5 5 47 
15 66 
3o 27 

1000. 0 5 1* 
15 1* 
3o 

2 5 0 
15 4* 
30 0 

5 5 31 
15 
30 20 

* denotes condition of nematodes was abnormal 

normal = 

abnormal = 

147 
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c) Invasion of onion seedlings in the presence of thionazin 

The previous experiment demonstrated that thionazin prevents 

nematode development in onion seedlings and inhibits further 

invasion. This experiment was done to investigate more closely the 

effect of thionazin on D.dipsaci, particularly with reference to 

invasion. 

Experimental  

Water agar was impregnated with 0, 0.04, 0.08, 0.16, 0.31, 0.625 

ppm thionazin, and 1500 fourth stage larvae applied evenly to the 

surface. Ten onion seedlings which had been dipped for 30 minutes in 

an aqueous solution of thionazin at the same concentration as that 

in the agar were added. Replication was twofold, and the dishes were 

maintained at 19°C for 9 days after which the seedlings were removed, 

stained,and nematodes counted. Observations were also made on the 

behaviour of the nematodes and their distribution in relation to the 

seedlings. 

Results  

Many nematodes and aggregated around the seedlings when the plates 

were examined soon after the seedlings had been added, but it was 

obvious that on the higher concentrations their activity was affected. 

The number of nematodes which invaded each seedling appear in table 60 

(appendix), and fig 30 illustrates the effect of thionazin on invasion; 

percentage mortality is estimated in terms of inhibition of invasion, 

the E.D.50 being about 0.1 ppm. 



Fig. 30 

The effect of thionazin on onion seedling 

invasion by D.dipsaci.  
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d) The effect of thionazin on the rate of invasion  

In experiment d part II it was demonstrated that thionazin 

reduced the rate of activity of nematodes during "in vitro" exposures, 

and it was therefore decided to see whether there is a corresponding 

reduction in the rate of invasion. 

Experimental  

Six samples of about 1500 nematodes were exposed to solutions of 

0, 1, 10, 100 and 1000 ppm thionazin for four hours. 	The four hour 

exposure period was chosen since at this exposure all concentrations 

had a noticeble effect on activity (page 117)- 	After treatment, the 

nematodes were washed, filtered onto a No.1 filter paper and placed in 

a nine cm. petri dish together with ten onion seedlings. 	The number 

of nematodes which had invaded and the number of eggs produced after 3, 

6 and 9 days was determined. 

Results  

The counts of the number of nematodes which invaded, and eggs 

produced are shown in table 61(appendix). 	Fig 31 illustrates the 

effect of the various concentrations on the rate of invasion, and 

fig 32 , the effect on egg production. 	There is an inverse correlation 

between the number of nematodes which invaded after three days and the 

percentage reduction in activity reported in Part II. 	After 6 and 

9 days the numbers invading were more variable so that the effect of 

thionazin was no longer apparent except at the highest concentration. 

Egg production, which reflects feeding, is a more accurate assessment of 

the effect, and illustrates clearly that thionazin inhibits feeding. 
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Fig. 31  

Invasion of onion seedlings by D.dipsaci  after 4 hrs 

exposure to various concentrations of thionazin. 

 

300 - 

  

Nu
m

b
er

  o
f  

n
em

a
to

d
es

  

   

200- 

  

100- 

  

   

  

 

0 

 

   

    

3 days 
	6 days 	9 days 

invasion 
	

invasion' 
	

invasion 

Fig. 32  

Egg production by D.dipsaci after 4 hrs exposure 

to various concentrations of thionazin. 
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e) The effect of recovery on invasion  

In this experiment, the invasion potential of nematodes 

immediately after exposure to 1000 ppm thionazin, and when 7 days 

recovery had been allowed was compared. 

Experimental  

About 2000 nematodes were exposed to 1000 ppm thionazin for 1 

and 3 hours. Immediately after treatment or when 7 days recovery in 

water had been allowed, the nematodes were filtered onto a No.1 filter 

paper and placed in a nine cm. petri dish with ten onion seedlings. 

Replication was three fold, and after nine days, the number of 

nematodes which had invaded and eggs produced were determined. 

Results  

The nematode and egg counts appear in table 25 ; although 

invasion is inhibited immediately after exposure to thionazin, it 

was resumed when sufficient time for recovery was allowed. 



Table 25  

Onion seedling invasion and egg production by D.dipsaci  

immediately after exposure to 1000 ppm thionazin for one  

and three hours and after seven days recovery in water. 

nematode 
counts 

egg 
counts 

mean 
nematode 
counts 

mean 
egg 

counts 

Untreated a 
b 
c 

177 
19 
4 

165 
32 
11 

66 69 

1 hr.expo. a 179 45 
+ b 433 55 210 37 

7 days rec. c 2 0 

3 hrs expo. a 341 126 
b 12 7 118 44 

7 days rec. c 2 0 

1 hr expo. a 0 0 
+ b 0 0 0 0 

no rec. c 0 0 

3 hrs expo. a 2 0 
+ b 6 0 3 0 

no rec. c 0 0 
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SECTION 3 	THE EFFECT OF THIONAZIN ON THE FEEDING  

BEHAVIOUR OF A.AVENAE AND P.REDIVIVUS 

a) The behaviour of A.avenae feeding on B.cinerea growing on 

potato dextrose agar impregnated with thionazin  

The normal feeding behaviour of A.avenae falls into three 

phases: 1) an exploratory phase, 2) a penetration phase, 3) an 

ingestion phase. The whole process is usually complete within 

one minute. 	In this. experiment the behaviour of individual adult 

nematodes feeding on the fungus B.cinerea growing on potato dextrose 

agar impregnated with 0, 10, and 100 ppm thionazin was observed at 

0, 15, 30,60 minutes and at 24 hours after introducing the nematode 

to the preparation. 	Each observation period lasted five minutes. 

Recordings of behaviour were based on the following description 

of the events: 

1) Exploratory phase  

The movement of nematodes during the exploratory phase was 

classified as active (normal), slow, or inactive. 

Active - Nematodes usually move smoothly over the surface of the 

agar, or through it until a fungal hypha is encountered. 	Nematodes 

which spent most of the time moving in the normal manner were 

classified as "active". 

Slow - When thionazin was incorporated into the agar the movement 

of the nematodes became distinctly slower. They tended to move 
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in a jerky manner, or to coil up, but continue to move slowly. 

Any nematode which exhibited a reduction in normal movement was 

• classified as "slow". 

Inactive - Nematodes were classed as "inactive" only when movement 

had ceased completely, such nematodes being bent or straight, rarely 

coiled. 

2) Penetration  

Normal stylet thrusting behaviour - When a fungal hypha had been 

encountered the nematode often atteftipted to penetrate by a series 

of rapid stylet thrusts. A note was made of the number of times 

stylet thrusting at the hypha occurred during the observation 

period. 

abnormal stylet thrusting behaviour - Nematodes on thionazin 

impregnated agar exhibited variations from the normal feeding 

behaviour described above. Spontaneous stylet thrusting without 

previous encounter with a fungal hypha was observed. The number 

of times abnormal stylet thrusting occurred per five minute period 

was noted. 

3) Ingestion  

Normal bulb pulsations - If the stylet successfully penetrated the 

fungal cell, the oesophageal bulb pulsated rapidly, drawing in the 

contents of the cell through the stylet. 	( Each successful penetration 

will be referred to as a"feed" ). 	The number of feeds and the duration 

of each feed was noted. 

Abnormal bulb pulsations - These consisted of the oesophageal 

bulb pulsating without prior penetration of a fungal cell by the 
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stylet, and usually accompanied the abnormal stylet thrusts. 	A 

note was made of the number of times abnormal bulb pulsations occurred 

per observation period. 

Results  

The records of the events described above appear in table 62 

(appendix). 	In view of the wide variation in the counts between 

replicates, the percentage of nematodes exhibiting a particular 

form of behaviour was determined in order to compare treatment effects 

(see tables  26-29.) 

Effect on exporatory period - The percentage 'nematodes which were active, 

slow, or inactive at various intervals after their introduction to 

the agar are shown in table 26 . 	The incorporation of thionazin 

into the agar severely affected the movement of the nematodes but 

the effect was not immediate, particularly at 10 ppm where reduced 

activity was first observed after 30 minutes. The effect on movement 

was more immediate at 100 ppm with almost 50 percent of the nematodes 

being affected after only 15 minutes and after 60 minutes all 

exhibited reduced movement. 	Twenty-four hours after their introduction, 

most nematodes on 100 ppm were inactivated, but on 10 ppm nematodes 

continued to move slowly. 

Effect on penetration and ingestion 

The effect of thionazin on normal stylet thrusting was similar 

to that on movement, their being no obvious effect at 10 ppm until 

after 30 minutes, although at 100 ppm there was a. reduction in the 
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Table 26 

Percentage of nematodes which were active (a), slow (s), or  

inactive (i) at various intervals after being placed on agar 

impregnated with thionazin. 

conc. 
Pim- 

0 10 100 
time a s i a s i a s i 

0 mins 100 100 100  

15 mins 90 10 100 60 10 30 

30 mins 100 80 20 40 60 

60 mins 100 80 20 40 60 

24 hrs. 100 100 17 83 

Table 27 

percentage of nematodes which showed normal stylet thrusting  

behaviour. 

conc 
Plpm- 

0 10 1.00 
time 

0 mins 100 100 91 

15 mins 88 100 60 

30 mins 82 80 0 

60 mins 88 50 0 

24 hrs 100 0 0 
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Table 28 

Percentage of nematodes which showed normal bulb pulsations 

conc 
Ppm 

time o 10 100 

0 mins 82 100 55 

15 mins 78 60 20 

30 mins 73 3o o 

60 mins 88 20 0 

24 hrs 100 0 0 

Table 29 

Percentage nematodes exhibiting abnormal stylet thrusting  

and bulb pulsations  

Time 
Abnormal 
10ppm 

stylet thrusting 
100ppm 

. Abnormal bulb pulsations 
10ppm 	100ppm 

0 mins 20 50 10 36 

15 mins 50 ' 50 6o 60 

30 mins 60 40 80 40 

60 mins 80 20 80 20 

24 hrs . 100 16 77 16 
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number of stylet thrusts after 15 minutes and after 30 minutes 

normal stylet thrusting had ceased (fig 33 ). 

Ingestion was affected more rapidly than penetration, there 

being a reduction in the number of feeds within the first five 

minutes of being placed on the agar at 100 ppm (fig 34 ). 

Abnormal stylet thrusting and bulb pulsations  

There was an apparent relationship between abnormal stylet 

thrusting and abnormal bulb pulsations (fig 35 ), and the effect 

persisted on the lower concentration, but on the higher concentration 

it declined rapidly. 

b) The feeding behaviour of P.redivivus in the presence of thionazin  

Preliminary experiment  

Observations on feeding of P.redivivus were made in order to 

determine to what extent ingestion occurs in the presence of thionazin. 

Although the frequency of oscillation in P.redivivus are normally 

very high, on the agar preparation movement was retarded, probably 

by,  the resistance of the medium, thus allowing observations of the 

oesophageal bulb to be made. 

The behaviour of individual nematodes on agar impregnated with 

100, 1, 0.1 and 0 ppm thionazin was observed. 

Movement was classified as "active", if movement continued as 

in the control, or "slow" if a reduction from the control was 

observed. 

Ingestion occurs by pulsation of the median bulb which draws in 
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fluid and particles into the oesophagus. 	A note was made of the bulb 

pulsations and the observed uptake of indian ink particles. 

Results  

Since observations were limited to individual nematodes with 

no replication the results are not of much use. 	However, it is 

apparent (table 30) that there is a reduction in activity, and a 

cessation of ingestion, although bulb pulstation continued (table 31). 



conc 
ppm 	0 
	

0.1 	1 	10 	100 

time 

active active active active active 

►► 
	

IT 	 IT 	 slow 

It 	 11 	 slow 	slow 
	

►► 

n. 
	 tl 	 It 

0 mins 

1 hr 

2 hrs 

1 day 

2 days 

Table 30 

The activity of P.redivivus on agar impregnated with  

thionazin after various intervals of time. 

Table 31  

Bulb pulsation (P) and ingestion (I) of P.redivivus in the  

presence of thionazin after various intervals of time. 

conc 

ppm  

time 

0 
P I 

0.1 
P I 

1 
P I 

10 
P I 

100 
P I 

0 mins + + + + + + + + + + 

1 hr + + + + + + + + + - 

2 hrs + + + + + + + + + - 

1 day + + + - + - + - 

2 days + - 

163 
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DISCUSSION 

Invasion and reproduction by D.dipsaci in relation to thionazin 

The invasion of onion seedlings by D.dipsaci was found to 

vary considerably depending upon the medium used. The reason for 

the higher invasion on agar was perhaps due to the fact that the 

nematodes were spread in a single plane on the surface of the agar 

which meant that they located the seedlings more easily, When 

nematodes were observed on the agar plates they were seen to have 

aggregated around the seedlings soon after their addition to the 

plates. The nematodes were in a thin film of water on the surface 

of the agar, and the addition of the seedlings caused the formation 

of a miniscus around each seedling at its point of contact with 

the agar into which the nematodes were drawn, or to which they moved 

and became trapped. Since a thin film of water surrounded the 

seedlings, conditions were excellent for invasion (Wallace 1962). 

Onion seedlings which had been dipped in thionazin were 

protected against invasion, or in cases where invasion had occurred 

before the treatment, further development was prevented. 	Bijloo (1965), 

using physostigmine sulphate, also observed that pea seeds which were 

dipped in the compound were not attacked by D.dipsaci and states that 

"the nematodes must have been killed by fluid taken up from the 

seedlings which were systemically contaminated by the alkaloid". 

Since physostigmine is also a cholinesterase inhibitor which evokes 

the same response in D.dipsaci "in vitro" as thionazin (that is, a 
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reversible inhibition of activity Bijloo 1965) it is reasonable 

to suppose that both compounds have a similar effect "in vivo". 

The present evidence suggests that the effect of thionazin and 

similarly acting compounds is to prevent invasion by inhibition of 

feeding. In the experiment where the agar medium had been impregnated 

with low amounts of thionazin, nematodes were observed around the 

seedlings in all concentrations. 	Their movement was obviously 

affected but it did not cease completely, and had clearly not 

prevented them from reaching the host. They were however unable 

to invade at concentrations as low as 0.1 ppm. 	Oliff (1965) also 

found that similarly low amounts of thionazin prevented growth of 

fungal species when the agar on which fungus was growing was 

impregnated with thionazin. 

Observations by Hague and Pain (1970) on the effect of low 

concentrations of aldicarb on Heterodera larvae in soil are in 

agreement with the idea that invasion is inhibited, probably by 

prevention of feeding because the nematodes accumulated in soil, 

and were not killed directly. 	Death most likely occurred later 

by starvation or chronic contact with aldicarb, perhaps in the same 

way that extended exposures of D.dipsaci to thionazin eventually 

killed the nematodes. 

The reduction in nematode activity during "in vitro" exposures 

of D.dipsaci to thionazin was shown to be directly related to the 

subsequent rate of invasion and egg production. 	Egg production 

was seen to be a more accurate estimate of the effect because it 
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reflects feeding, whilst movement of nematodes into and out of 

the plant may occur through lesions made by other nematodes. 

The exposure to 1000 ppm thionazin for four hours caused such 

a severe reduction in activity that invasion was almost completely 

prevented and no egg laying was observed. Nevertheless, the recovery 

experiment demonstrated that given sufficient time to recover to 

normal activity, the invasion potential is re-established, even after 

exposures to 1000 ppm for three hours. Thus when assessing the 

efficacy of nematicides, the recovery factor should be considered. 

Feeding behaviour of A.avenae and other nematodes in relation  

to thionazin 

Normal feeding behaviour  

Normal feeding in A•.avenae comprises of three phases: 

exploration, penetration and ingestion (page 154)• During the 

exploratory phase, nematodes wonder through the agar until a fungal 

cell is encountered when the nematode attempts to penetrate by a series 

of rapid stylet thrusts at the hypha. The stimulus for penetration 

seems to be mechanical since nematodes have been seen attempting to 

penetrate the coverslip or the body of another nematode, or even them- 

selves (Fisher and Evans 1967; Siddiqui and Taylor 1969). 	If the 

stylet successfully penetrates a fungal cell, it remains extruded 

and ingestion of the cell contents follows immediately by a rapid pulsation 

of the oesophageal bulb. 	The stimulus for ingestion is not known; 

it could the the pressue from the cell contents as soon as the stylet 

punctures the cell. 	However, A.avenae has been cultured in axenic 

media where no cells are present and feeding occurs simply by 
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extrusion of the stylet and pulsation of the median oesophageal 

bulb (Hansen, Buecher and Evans 1970), indicating a chemical 

stimulus. 

Feeding in A.avenae differs from that in most other mycophagous 

and plant parasitic nematodes which have been desdribed, where the 

penetration phase is followed by a secretory phase (Doncaster 1966); 

the stylet remains extruded and secretions pass through it into the 

host cell. The cell contents with the nematode secretions are then 

ingested by the pulsation of the median bulb, as in A.avenae. 

However, Linford (1937) demonstrated that Meloidogyne sp. (Heterodera 

marioni Cornue 1897) could be stimulated to feed in nutrient solution 

where extrusion of the stylet and pulsation of the median bulb 

occurred, although the process was preceded by secretion of a 

substance into the medium. 	Free-living nematodes also ingest the 

medium by pulsations of the oesophageal bulb (Doncaster 1962). 

The effect of thionazin on feeding behaviour  

Observations on the movement of A.avenae during the "exploratory 

period" indicate that thionazin had a similar effect on activity as 

observed "in vitro"; that is, a gradual reduction in activity the effect 

being faster with higher concentrations. The movement of the nematodes 

became jerky and they tended to coil up, but continued moving slowly 

which is in agreement with observations made by Oliff (1965) on agar 

plates impregnated with 10 ppm thionazin. 	At the highest concentration 

(100 ppm ) however, activity ceased completely after 24 hours 

Apart from arresting normal activity, thionazin had a direct 
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effect on the feeding process which was apparent before an effect 

on movement could be recognised. The number of normal feeds 

(ingestion phase) declined at first, while stylet thrusting at fungal 

cells (penetration phase) which preceded the ingestion phase dropped 

slightly later. 	It is possible that the drop in normal stylet 

thrusting behaviour was associated with the arrested movement for if 

the nematode is unable to move to a cell, it will not receive the 

stimulus to penetrate. 

Further evidence that the co-ordinated feeding process is 

disrupted directly by thionazin was apparent in the abnormal stylet 

thrusting and bulb pulsating behaviour, which normally characterises 

the ingestion phase, but which occurred in the absence of previous 

penetration. It was interesting to note a synchrony between extrusion 

of the stylet and bulb pulsation. 	Linford (1937) stated that the bulb 

pulsates only when the stylet is protuded, and Siddiqui and Taylor (1969) 

observed that the bulb pulsations were correlated with stylet protrusion • 

in A.avenae and stated that if a nematode is forcibly displaced while 

feeding, bulb pulsations continue until the stylet is retracted. 

The apparent disruption of the co-ordinated feeding of A.avenae 

on fungus by thionazin leading to abnormal stylet thrusting and bulb 

pulsation could be due to stimulation of receptors responsible for 

feeding in axenic media. 	The rapidity with which the response was 

initiated when the nematodes were introduced to the treated agar 

suggests stimulation of a very sensitive receptor, or that the receptor 

was very accessible to the compound (e.g. amphids near the surface). 
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It has yet to be determined whether any of the medium is imbibed 

during abnormal feeding behaviour. The presence of the host may 

have influenced the exploratory and penetratory phase but it did 

not affect extrusion of the stylet and bulb pulsations which were 

initiated equally well on agar without the host. 

Since there are differences between the feeding behaviour of 

A.avenae and other stylet bearing nematodes, it is possible that 

thionazin elicits a different response in other species. However, 

Nelmes (1970) observed Heterodera larvae in the presence of aldicarb 

and also reported abnormal stylet thrusting associated with a 

reduction in activity, indicating a similar effect. 	In A.avenae  

the stylet was withdrawn after long exposures, but in Heterodera  

it remained extruded until the nematodes were removed from the 

treatment solution. 

The stimulus for abnormal stylet thrusting and bulb pulsating 

in A.avenae was greater at 10 ppm than at 100 ppm where almost 

complete inactivation occurred after 24 hours. 	Den Ouden 

(personal communication) observed an increase in hatch of Heterodera 

larvae was stimulated by low amounts of aldicarb, and Kampfe and.  

Ritzrow (1970) renprted an increase in respiration with low amounts 

of aldicarb, dazomet and an organic phosphorus compound. 	In both 

cases, higher concentrations became inhibitory. 	Hague and Pain 

(1970) also found that 1 ppm aldicarb did not prevent hatch of 

Heterodera larvae, but 5 ppm was inhibitory. 
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The observations on P.redivivus were not detailed, but 

thionazin appears to have an effect on feeding and movement similar 

to A.avenae. Initially both processes procede normally and 

gradually there is a reduction in movement which seems to be related 

with cessation of feeding. 	The inhibitory effect is relatively 

slower to develop than in A.avenae which is in agreement with the 

observations made in Part II where movement in A.avenae was affected 

more rapidly that that in P.redivivus. 	Ingestion of the medium was 

not observed when the activity of P.redivivus dropped, although the 

median bulb continued to pulsate. 
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GENERAL DISCUSSION 

The discussion is divided into two parts: in the first, the 

evidence presented in this study is integrated to explain how 

D.dipsaci is controlled in bulbs; and in the second, the probable 

mode of action of thionazin on nematodes is discussed in the light 

of present observations. 

I The control of D.dipsaci in bulbs  

The "in vitro" exposures of nematodes to thionazin for extended 

periods revealed a similar response to that of populations in treated 

bulbs. 	In both cases, the number of nematodes which were recovered 

after treatment, by the movement assay and the mistifier respectively, 

were high initially and declined gradually with time. 	Thus, the 

control of nematodes in plants is probably not due to the metabolism 

of the parent compound to a more toxic product, but more likely the 

result of direct action of thionazin in the nematodes. 	The only 

toxic metabolite of thionazin detected in plants is the oxygen analogue 

which is rapidly hydrolysed to non toxic products. 	Oliff (1965) 

tested the oxygen analogue against D.dipsaci "in vitro" by placing 

nematodes in a 500'ppm solution of the compound for 18 hours at 25°C, 

and assessing the effect by the movement assay; he found no apparent 

effect. 

The high degree of protection given by thionazin to bulbs against 

nematode attack up to six months after treatment is explained by the 
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rapid inhibition of movement and disruption of the feeding process, 

even at concentrations as low as 0.1 ppm. The observations on the 

effect of thionazin on the feeding behaviour of A.avenae revealed 

that the primary effect of the compound was to disrupt the feeding 

process. 	Observations by Hague and Pain (1970) who applied low 

amounts of aldicarb to soil containing cysts of Heterodera rostochiensis  

substantiate the suggestion that inhibition of feeding precedes loss 

of activity. Larvae hatched when 1 ppm aldicarb was applied to the 

soil, and accumulated in the soil being unable to invade. 	Higher 

concentrations, however, prevented hatch, probably by inhibiting 

movement, confirming that the compound had penetrated the cyst wall. 

Oliff (1965) also reported inhibition of hatch of H.rostochiensis  

in thionazin, but when removed from the compound the larvae emerged. 

The migration of nematodes from treated bulbs may be accounted 

for the fact that movement is not completely inhibited except after 

long exposures in high concentrations. 	The reduced rate of migration 

when planting was delayed was due to longer contact with thionazin 

which led to a greater inhibition of movement. 

The recovery of normal activity and invasion potential from all 

but exceptionally long "in vitro" exposures explains why nematodes 

which migrated into the soil are able to re-invade and are thus a 

major hazard. 	The rate of recovery however, is related to the concentration. 

and period of exposure, and nematodes whose migration was delayed 

would probably take longer to recover normal activity. 	Since the few 

survivors in the bulbs have been in contact with the compound for the 
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longest time they will take longest to recover, which could 

explain why such survivors are not usually considered a problem. 

The greater survival of the fourth stage larvae on the .outer 

scales is probably due to the greater ease with which they are able 

to enter the soil and escape, compared with nematodes on the inner 

scales. 	The fact that the.. "in vitro" exposures were all done on 

fourth stage larvae shows that such stages are by no means resistant 

to the action of the pesticide. 

In experiments where the bulb and soil populations were reduced 

to zero, it is difficult to understand how numbers could then increase. 

However, mistifier extractions were all done over a 24 hour period 

and "in vitro" exposure of nematodes for extended periods revealed 

that not all nematodes recover full activity in 24 hours, but may do 

so subsequently. 	Thus in all cases where low nematode counts were 

obtained from thionazin treated bulbs, the possibility remains that 

not all the nematodes recovered sufficiently to move out of the bulb 

during the 24 hours extraction on the mistifier, thereby providing a 

hidden potential for re-invasion when the compound had been metabolised. 

II Mode of action  

In the light of the present evidence, it is a reasonable 

supposition that thionazin reaches the site of action by penetrating 

the nematode cuticle, and thus has a contact effect. 	That ingestion 

is not a prerequisite is indicated by the rapidity of the response 

in both plant parasitic and free living species during "in vitro" 
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exposures, and this is backed by observations on feeding behaviour. 

Penetration  

The nematode cuticle was generally regarded as an impermeable 

barrier which protected the animal from adverse effects of the 

enviroment and thus accounted for the greater tolerance ofnematodes 

to many pesticides toxic by contact to other animals. 	Chitwood  

(1952) suggested that a thin lipid membrane on the outer surface of 

the nematode was the major barrier to penetration of nematicides. 

The presence of such a membrane in many nematodes has since been 

confirmed by several investigators (e.g. Bird and Rogers 1965; 

Lee 1965; Anya 1966; Roggen, Raski and Jones 1967 etc.). 

However, the nematode cuticle is not impermeable, but rather 

exerts a selectivity towards different substances, and its selective 

nature is thought to be associated with the lipid component. 	Alexander 

and Trim (1946) proposed that the cuticle of Ascaris was the major 

limiting factor in the passage of the antihelminthic 4-hexylresorcinol 

into the nematode. 	The addition of sodium oleate to the medium in 

correct amounts increased the rate of penetration (Trim 1944)probably 

by causing a disorientation of the lipid layer. 	Phosphate ions also, 

do not normally pass through the cuticle of Ascaris, but will do so 

after treatment with detergent (Trim 1949). 

If the lipids in the cuticle are a major factor in determining 

permeability, the passage of substances which are lipophilic should 

be facilitated, while that of hydrophilic substances should be retarded, 

as is the case in insects (Weiden 1968). 	Marks et al (1968) obtained 
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penetration rates into nematodes of various substances and found DDB 

penetrated faster than water, indicating lipophilic properties. 

Nelmes (1971) found aldicarb, which is lipophilic, penetrated 

P.redivivus rapidly and since this compound causes a similar response 

to thionazin, which is also lipophilic, a similar action is indicated. 

When the action of aldicarb and its metabolites - the sulphoxide 

and the suphone, both hydrophilic, were compared against Heterodera  

rostochiensis , Nelmes (1970 .) found the hydrophilic metabolites 

produced a slower response which he attributed to their slower rates 

of penetration. 	Nelmes (personal communication) also found aldicarb 

reached the equilibrium constant more rapidly in A.avenae than P. 

redivivus, a factor which could explain why P.redivivus was slower to 

respond to thionazin than A.avenae when their activities after 

treatment were measured. 

Inhibition of cholinesterases  

Having reached the site of action, the observed effects of 

thionazin on the behaviour of nematodes indicate interference with 

neuro-muscular transmission and comply with the classic theory of 

cholinesterase. (ChE) inhibition. 	The action of ChE inhibitors .  

has been studied most intensively in vertebrates,, to a lesser extent 

in insects, and hardly at all in nematodes. 	In order to elucidate 

the mode of action of organo-phosphorus compounds in nematodes, reference 

must be made to what is known of the mechanism in vertebrates and 

insects. 

In vertebrates it has been shown that neuro-muscular transmission 

of some nerves (cholinergic nerves) relies on the chemical transmitter 



176 

acetylcholine (ACh) at the synapse. 	ACh is liberated at the 

excited nerve terminal and combines with the receptor site on 

the post synaptic neurone or muscle end plate to produce a 

depolarising effect which initiates an action potential. 	The 

ACh is then rapidly hydrolysed by acetylcholinesterase (AChE) 

to its inactive components acetate and choline, and the end plate 

becomes repolarised. 	If the ACh is not removed from the synapse, 

the end plate cannot be repolarised and further transmission is 

blocked. Organo-phosphates are thought to react with AChE, 

inhibiting the enzyme; ACh then accumulates at the synapse impeding 

further neuro-muscular transmission. 	The effect is progressive 

with increased concentrations of inhibitor. 

The classic symptoms of organo-phosphate poisoning are an 

initial excitatory response, followed by paralysis. 	In mammals, death 

ensues indirectly by blockage of the intercostal muscles causing 

respiratory failure leading to asphyxia. 	In insects, inhibition 

of ChE has been implicated as the mode of action of organo-phosphates 

although the effect is not as well understood as in vertebrates, 

and the cause of death is not known. Since respiration is achieved 

by passive diffusion, some other vital system must be affected (O'Brien 

1967). 

In nematodes, as in insects, ideas on mode of action must be 

deduced from circumstantial evidence. ACh-like substances were 

shown to be a constituent of Ascaris tissue (Mellanby 1955) there 

being a greater concentration around the nerve ring. 	Neuro-muscular 
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synapses also occur in nematodes, the muscles sending processes 

out to the nerve, and Del Castillo et al (1963) demonstrated that 

ACh caused a depolarisation in muscles which was greater when the 

transmitter was applied in the vicinity of the neuro-muscular 

junction. The depolarisation may lead to a contraction which is 

maintained until ACh is removed (Norton and DeBeer 1957). 

If thionazin inhibits AChE, as is believed, ACh would 

accumulate at the neuro-muscular synapse to produce a contracted 

paralysis, as described above. Methyridine, which produces a 

similar response in vertebrates as ACh, also causes a contracted 

paralysis in Ascaris (Broome 1961), Caenorhabditis briggsae (Fiakpui 

1967) and Ostertagia circumcincta (Denham 1970). 	The progressive 

paralysis with increasing concentrations of methyridine on C.briggsae  

(Fiakpui 1967) and on 0.circumcincta (Denham 1970) agree with present 

observations where increasing concentrations of thionazin caused 

greater paralysis in nematodes. 

Enzymes hydrolysing ACh have been identified in homogenates of 

Haemonchus contortus (Lee and Hodeen 1963); Ascaris (Knowles and 

Casida 1966); various animal parasitic nematodes (Hart and Lee 1965); 

P.redivivus  (Spurr 1966); D.dipsaci ( Welle and Bijloo 1965) and 

Meloidogyne sp (Dickson et al 1971); and their inhibition by certain 

organo-phosphate and carbamate compounds has been demonstrated. Lee 

and Hodsen (1963) decided that a single AChE was present in H.contortus 

which was inhibited by eserine, although this inhibitor was more affective 

aganist mammalian ChE. Knowles and Casida (1966) also observed 
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that Ascaris ChE was relatively more resistant than that in 

mammals and insects. 	Spurr (1966) demonstrated inhibition of 

ChE in P.redivivus by eserine, and Dickson et al (1971) the same 

in Meloidogyne sp. The observation by Bijloo (1965) that eserine 

(physostigmine) caused a cessation of activity in D.dipsaci agrees 

with the present observations on the effect of thionazin on nematodes 

showing that thionazin probably acts by inhibiting AChE. 

Recovery  

The failure of thionazin to control D.dipsaci has been 

attributed to the ability of this nematode to recover, even after 

long exposures, a property not posessed by insects and vertebrates 

and probably many other nematodes. The reason for death in 

vertebrates is clear, but in insects it is not known which vital 

system is affected. 	It seems that in some nematodes e.g. D.dipsaci  

and A.avenae, the inhibition does not affect any vital system except 

after long exposures. 

Recovery in vertebrates and insects from sub-lethal doses relies 

on the production of more enzyme by resynthesis or reactivation of 

the inhibited enzyme, and on the metabolism of the inhibitor by the 

organism. Recovery of ChE activity after inhibition in Ascaris was 

    

demonstrated by Knowles and Casida (1966) although the rate of 

recovery was slower than that in mammals and insects, and metabolism 

of inhibitors was also slower in nematodes. 	Nelmes (1971) found 

that P.redivivus was able to metabolise aldicarb, and it is probable 

that thionazin is also metabolised in nematodes. 	The metabolism of 
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thionazin has only been studied in plants and mammals (Cyanamid, 

personal communication) and in both systems the parent compound 

is rapidly broken down. The production of the oxygen analogue 

was not detected in mammals, but this may have been due to the 

insensitivity of the techniques employed. 	Thus, the possibility 

exists that thionazin is converted into the oxygen analogue in the 

organism, although Knowles and Casida (1966) found Ascaris incapable 

of converting phosphorothioates into their more toxic oxygen analogues. 

The pattern of recovery of the enzyme in Ascaris was similar 

to that in other organisms; there was a drop in activity following 

injection of the inhibitor, then a gradual slower recovery. 	The 

recovery of D.dipsaci, was dependant upon the degree of inhibition. 

As in other organisms the synthesis of ChE or reactiviation of 

inhibited enzyme was necessary. Observations on the recovery of 

D.dipsaci revealed a further drop in activity on the first day of 

being returned to water which indicated a delayed effect. When 

Halaxon was injected into Ascaris (Knowles and Casida 1966), inhibition 

continued for about eight hours, then there was a slow recovery of the 

inhibited enzyme. 	Thus,although D.dipsaci was removed from the 

solution of thionazin, inhibition probably continued to occur with 

an increase in production of ACh which would explain the delayed effect. 

The response of nematodes to ChE inhibitors is not always the 

same. 	Lee and Hodsen (1963) found the ChE of some nematodes to be 

less susceptible to inhibition by Halaxon than others. 	In the case 

of thionazin, the primary effect seems to be the same in all nematodes 
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examined, but D.dipsaci and A.avenae are capable of longer survival 

during exposure than Meloidogyne sp, second stage larvae, and the 

free-living nematode T.aceti. 

Bijloo (1965) reported that when D.dipsaci was exposed to 

physostigmime for 24 hours, nematodes were immobilised, but when 

returned to water, activity and viability remained unaffected. 

D.dipsaci exposed to 1000 ppm thionazin for 24 hours or more were 

similarly unaffected. 	Motsinger (1961) however, found M.incognita  

exposed to concentrations of thionazin below 1000 ppm for 24 hours 

regained activity, but those exposed to 1000 ppm were killed 

indicating greater susceptibility than D.dipsaci. 	The recovery of 

P.redivivus was not investigated, but Oliff's (1965) observations on 

T.aceti suggest free-living species are not capable of recovery. 	This  

is also suggested by the fact that extracts of D.dipsaci from treated 

bulbs were free of Rhabditids which were present in the untreated 

bulb samples. 

The reason for the greater tolerance of some nematodes to ChE 

inhibitors is not known. 	Hague and Pain (1970) suggested that 

Heterodera larvae which were unable to invade after treatment with 

aldicarb may have died by starvation although they did not rule out 

the possibility of direct contact action. Nelmes et al (1970) however 

found fat reserves in Heterodera larvae treated with aldicarb had not 

been utilized several months later. 	In D.dipsaci starvation is 

probably not the cause of death since the controls, which remained 

in solution for an equally long period were still viable. 	The 
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ability of some nematodes to survivelonger periods of exposure 

seems to be associated with their longevity; nematodes adapted to 

survive extended periods without feeding being the most tolerant. 

The ability of both D.dipsaci and A.avenae to enter cryptobiosis 

may be a physiological pre-adaptation to greater survival in the 

presence of thionazin. 	Cooper and Van Gundy (1970) report the 

ability of A.avenae to survive under adverse conditions by entering 

cryptobiosis while Caenorhabditis died. 
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Individual examination of 50 bulbs from a naturally 

infested stock of narcissus variety Verger: total number 

of nematodes per bulb. 

Rotten Brown 
rings 

BULB GLASS 

Slight 
symptoms 

Apparently clean 

8785 40200 49  5400 	8 

3875o 31 3570 	6 

14650 27 4 635 	4 

1446o 25 199 	2 

12480 14 139 	1 

8820 12 82 	1 

8320 6 38 	1 

2037 34 	1 

1208 34 	1 

274 22 	1 

22 	1 

• 11 	0 

10 	0 

10 	0 

9 	0  

9 	0 
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Table 33 
The effect of thionazin used both as a dip and a 

drench on invasion by D.dinsaci  : nematode counts per 

300 ml chopped bulbs one and two years after treatment. 

Year Bulbs 
used 

Rep. 

DRENCHED 

DIPPED 

UNDRENCHED 

UNDIFFED 

DRENCHED 	UNDRENCHED 

1968 CLEAN a 0 113 5719 47125 
b 2 150 1 92000 

INFECTED a 83 720 316 44150 
b 0 1235 3392 31600 

1969 CLEAN a 459 4500 4400 
b 4 3280 2 3560 

INFECTED a 5 2700 2700 2837 
b 3 280o 2649 610o 

Table 34 

The effect of thionazin used both as a dip and drench 

on flower production: number of flowers per plot. 

Bulbs 
used 

Rep. 

DRENCHED 

DIPPED 

UNDRENCHED 

UNDIPPED 

DRENCEED 	UNDRENCHED 

Spring CLEAN a 65 37 27 

1969 78 65 58 

INFECTED a 45 17 41 0 
b 65 21 15 0 

Spring CLEAN a 72 10 17 0 

1970 
100 34 67 0 

INFECTED a 48 1 8 
b72 10 7 0 



Table 35 

Nematode counts per 130 ml chopped bulb material from 

bulbs which had been growing in the plots used in Expt. c 

page 31 . 	Headings refer to the treatments shown in 

tables 33 and 34. 

Bulbs 	Treatments used in Expt. c 
used in 	DIPPED 	UNDIPPED 
Expt c 	Rep. 	DRENCHED UNDRENCHED DRENCHED UNDPENCHED 

CLEAN 	a 	85000 	40000: 	20000 	33500 

	

b 3500 	1o6000 	2400o 

	

INFECTED a 	62300 	44000 	4600 	13000 

	

b 	10400 	76700 	30000 

185 



Table 36  

Nematode counts from treated and untreated narcissus bulbs 

and soil at monthly intervals after treatment in thionazin. 

Month of 

extraction 

Rep. TREATED 

BULBS 	SOIL 

CONTROLS 

BULBS 	SOIL 

NOV a 25750 54 116500 42570 
b 598 204 94750 3438 

DEC a 658 270 26000 1644 
b 827 6o 134 156 

JAN a 1021 2262 114 12 
b 1377 120 11775 567 

FEB a 8 60 8000 8184 
b 580 96 1350 1308 

MAR a 83 18 7750 36 
b 107 6 200 36 

APR a 5900 72 29875 456 
b 0 0 1737 6 

MAY a 10 0 1046 114 
b 15 0 92 12 

JUN a 20 0 2530 12 
b 194 0 29946 282 

Table 37 

Nematode counts from treated and untreated tulip bulbs 

and soil at monthly intervals after treatment in thionazin. 

Month of 

extraction 

Rep. TREATED 

BULBS 	SOIL 

CONTROLS 

BULBS 	SOIL 

NOV a 3 4 302 76 
b 44 24 735 104 

DEC a 273 56 319 184 
b 5 16 9 

JAN a 186 348 163 56 
b 139 26 21225 4980 

FEB a 11 24 1650 336 
b 138 8 3200 104 

186 
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Table 38  

Total nematode counts in bulbs and soil and percentage 

infected bulbs at two monthly intervals after treatment 

when narcissus bulbs were grown in two types of soil. 

Month Soil Rep. 
type 

TREATED CONTROLS 
nematode counts To bulbs 

infected 
nematode counts bulbs 

infected bulbs soil bulbs soil 

OCT before 
planting 

a 
b 

53187 
46375 

50 
50 

109775 
38813 

.50 
60 

DEC sandy a 16212 47 50 72188 30667 40 
b 40100 35 40 44950 2310 4o 

clay a 4510 19 30 34358 37548 80 
b 5588 162 8o 28417 7581 5o 

FEB sandy a 292 110 50 61975 17237 70 
b 1962 16 6o 15900 3141 70 

clay a 12384 48 60 15309 12828 4o 
b 57350 2432 4o 278674 2943 8o 

APR sandy a 879 90 66 93637 392 100 
b 9784  5 20 56222 58o 95 

clay a 12709 67 23 97515 9539 100 
b 1376 48 5o 163725 15839 100 

JUN sandy a 10 15 25 18181 1785 86 
b 1542 10 64 20686 4452 100 

clay a 143 52 36 16969 2081 90 
b 5237 5511 20 32555 772o 100 

• 

AUG sandy a o 0 30 4138 920 75 
b 2708 15 21 13040 10382 70 

clay a 3757 4482 43 1977 20287 58 
b 598 59 42 4260 5472 90 
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Table 39  

Nematode counts per 300 ml chopped bulb material when bulbs 

were treated on four separate occasions and examined at monthly 

intervals after treatment for four months (mean of two replicates) 

PLANTED BULBS 

month of 
dip 

month 
of exam. AUG 

TREATED 

SEP 	OCT NOV AUG 

CONTROLS 

SEP 	OCT NOV 

AUG 
SEP 71 9561 
OCT 61 2996 1305 12208 
NOV 665 450 4379 5450 10080 19425 
DEC 52 217 775 7270 8925 6225 9433 13093 
JAN 109 122 367 11100 12530 10060 
FEB 216 181 8283 13950 
MAR 134 1685 

Mean 212 943 1373 1988 6310 9903 12418 9697 

Table 40 

Nematode counts per 300 ml chopped bulb material when bulbs 

were treated on four separate occasions and examined at monthly 

intervals after treatment 

UNPLANTED BULBS 

for rour months (mean of two replicates) 

month of 
dip 

month 
of exam. AUG 

TREATED 

SEP 	OCT NOV AUG 

CONTROLS 

SEP 	OCT NOV 

AUG 16082 8310 
SEP 11725 4779 34812 68550 
OCT 16690 3846 28185 42375 22645 22645 
NOV 1071 1697 5156 32925 78812 78812 78812 78812 
DEC 22220 11462 28390 38500 38500 38500 38500 
JAN 24100 505 .5560 115812 115812 115812 
FEB 1151 1432 
MAR 1106 56875 

Mean 11392 11328 9292 13883 40562 64864 63942 72500 
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Table 41  

Nematode counts per 300 ml chopped bulb material taken at 
monthly intervals after treatment in thionazin from planted 
and unplanted bulbs (each count is the mean of counts from 
four separate dips). 

Month 
after 
dip 

UNPLANTED 

control treated 

BULBS 
percent 

mortality 

PLANTED BULBS 
percent 

control treated mortality 

0 44579 20492 54 

1 43642 12279 71.9 13571 3679 72.9 

2 68875 8852 87.1 7719 413 94.6 

3 77708 6307 91.9 9539 296 96.9 

4 70396 8786 87.5 7498 127 98.3 

Table 42  

Amount of thionazin (in ppm) extracted from planted and unplanted 
bulbs at monthly intervals after immersion in 2500 prm thionazin 
for 2i hours on four senarate occasions. 

month of 
dip 

UNPLANTED BULBS PLANTED BULBS 

month 
of exam. 

AUG SEP OCT NOV AUG SEP OCT NOV 

AUG 368.0 
SEP 149.6 314.0 25.2 
OCT 176.3 110.4 230.5 7.3 52.6 
NOV 45.4 35.7 161.0 215.5 2.4 16.0 22.8 
DEC 46.2 161.3 115.8 16.2 21.6 30.8 113.4 
JAN 23.5 55.6 143.2 3.6 9.6 36.1 
FEB 36.4 86.6 9.0 13.4 
MAR 57.2 7.8 

Table 43  

Amount of thionazin (ppm) extracted from planted and unplanted 
bulbs at monthly intervals after immersion in 2500 ppm thionazin 
for 23 hours.(each count is mean of counts from 4 separate dips). 

• Month after treatment 
o 1 	2 	3 4 

PLANTED - . 	53.5 	22.5 	11.8 9.2 

UNPLANTED 282 134.2 	129.1 	58.5 39.0 
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Table 44  

Total nematode counts from narcissus bulbs which had 

received various combined treatments taken at various 

monthly intervals during two years. 

TREATMENT Rep. 

1968 

DEC MAP 

1969 

JUN SEP 

1970 

FEB JUL 

HW T a 15 480 1895o 53067 740 5085 
b 122 32 1231 4455 1470 23250 

THIONAZIN a 70 560 53 4608 508 2950 
b 141 136 14 1875 92 4775 

HWT a 248 8 4 4 174 25437 
THIONAZIN b 7 4 0 4 7 17550 

THIONAZ1N a 0 0 7 211 729 4188 
+ 	HWT b 2 0 4 7o 792 4245 

THIONAZIN a 11 280 3 78 141 19600 
+ 	CEP b 163 3195 356 3135o 1109 14500 

C BP a 6164 20504 19960 1875 dead 0 
b 14375 13152 33400 22200 480 455 

CONTPL a 17852 61075 21150 12 dead dead 
b 18722 53456 11114 14774 
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Table 45 

Total nematode counts from soil containing narcissus 

bulbs which had received various combined treatments 

taken at variofts monthly intervals during two years. 

TREATMENT Rep. 
1968 
DEC MAR 

1969 
JUN SEP FEB 

1970 
JUL 

HWT a 53 158 16704 505 3259 45975 
b 126 0 4018 1350 7527 21520 

THIONAZIN a 0 0 345 578 2088 16458 
b 0 15 2340 166 70 78806 

HWT 	+ a 20 0 364 21 20 41114 
THIONAZIN b 20 36 120 55 28 25770 

THIONAZIN a 0 0 56 49 226 5054 
+ HWT b 0 0 504 47 338 3770 

THIONAZIN a 0 0 1110 346 338 73529 
+ .CBP b 102 0 2370 2311 120 105168 

CBP a 0 555 18102 3598 20700 2198 
b 2972 457 50036 4762 9114 15773 

CONTROL a 731 5880 69870 11690 52023 1257 
b 3365 5590 65400 7235 7840 3146 



Table46 

production in narcissus bulbs 

treatments 	( 	spring 1969 	) 

The effect on flower 

of various combined 

Treatment HWT TH. HWT TH.+ TH.+ CBP C 
+TH. HWT CEP 

Rep. 

1 14 8 11 1 13 11 11 

2 12 10 15 7 17 12 11 

3 16 10 11 9 12 11 12 

4 12 10 10 5 15 13 12 

5 10 15 16 6 8 9 8 

6 15 16 12 7 13 10 8 

7 8 12 11 4 13 11 8 

8 13 14 14 4 12 11 16 

9 7 13 10 7 12 9 10 

10 11 13 10 3 12 12 8 

mean 12 12 12 5 13 11 10 
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Table 47 

Number of nematodes collected by the 24 hour movement assay 

and subsequent recoveries after extended exposures to thionazin 

Exposure 
days 

conc 
ppm 1 

time 
2 

of collection - 

3 	4 
days 

7 8 

1 0 
0.1 
10 

1000 

2154 
1952 
1833 
1763 

2192 
2008 
2147 
1984 

3 0 1865 1876 
0.1 1950 1967 
10 1705 1923 

1000 1195 1651 

9 0 1725 1756 1758 
0.1 1559 1680 1704 
10 1454 1776 1798 

1000 1133 1676 1756 

27 0 1837 1897 1902 
0.1 1584 1666 1680 
10 1499 1830 1866 

1000 639 1214 1425 

81 0 1740 1764 1766 
0.1 1456 1595 1611 1613 
10 1001 1200 1256 1277 

1000 7 27 50 62 

Table 48  

Percentage mortality after extended exposure of D.dipsaci 

to thionazin determined by the 24 hour movement assay. 

conc 

ppm  expo. 0.1 10 1000 

days 
1 9.4 14.9 18.2 
3 0 8.6 35.8 
9 9.6 15.7 34.4 
27 13.9 18.3 65.2 
81 16.4 42.5 99.6 



Fig.36 

The effect of extending the movement assay 

beyond 24 hours on the number of nematodes 

collected . e.g. after 27 days exposure to 

various concentrations of thionazin. 

Key 
0 = 0 ppm thionazin 
A = 0.1 ppm thionazin 
0 = 10 ppm thionazin 
O = 1000 ppm thionazin 

2000 

2 3 4 
III 

5 	
' 
6 7 8 

Time - days 
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Table 49 

The number of D.dipsaci which passed through a tissue filter 

in 15, 30 and 60 minutes and numbers through after 24 hours. 

Rep. 	I•io. of nematodes through tissue in: 

15 mins 30 mins 60 mins 24 hrs 

1 2560 3343 3660 3958 

2 2733 3810 4041 4346 

3 2718 3599 3827 4167 

4 2833 3519 3799 4103 

5 3225 3866 4109 4444 

6 2694 3274 3468 3793 

Table 50 

Percentage D.dipsaci which passed through the tissue in 

15, 30 and 60 minutes. 

Rep. 15 mins 30 mins 60 mins 

1 64.67 84.46 92.47 

2 62.88 87.66 92.98 

3 65.22 86.36 91.84 

4 69.04 85.76 92.59 

5 72.56 86.99 92.46 

6 71.02 86.31 91.43 

mean 67.56 66.25 92.29 

S.D. 3.86 1.09 0.56 

195 
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Numbers of untreated nematodes which passed through 

a tissue filter after various intervals of time in 

both water and 500 ppm thionazin (mean of two reps.) 

Time 
mins. 

MOVEMENT 
cumulative 
counts 

IN WATER 	 MOVEMENT IN 
percentage 	cumulative 
passage 	counts 

THIONAZIN 
percentage 
passage 

5 1225 21.5 	958  16.4 

10 3150 54.6 	2840 48.6 

15 4440 78.1 	4116 70.4 

20 4945 86.9 	4663 79.8 

25 5195 91.3 	4926 84.3 

3o 5329 93.7 	5066 86.7 

40 5439 95.6 	5191 88.8 

8o 5552 97.6 	5293 90.6 

160 5613 98.7 	5379 92.0 

300 5643 99.2 	5448 93.2 

24 hrs. 5677 99.8 	5646 96.6 

7 days 5688 5844 

Table 52 

Numbers of treated nematodes which passed through 

a tissue filter after various intervals of time in 

both water and 500 ppm thionazin (mean of two reps.) 

Time 
miss. 

MOVEMENT 
cumulative 
counts 

IN WATER 
percentage 
passage 

MOVEMENT iN 
• cumulative 

counts 

THIONAZIN 
percentage 
passage 

5 2 0.03 5.5 0.1 

10 7.5 0.1 60.5 1.1 

20 41 0.7 207 3.7 

40 173.5 3.1 443 7.9 

80 464 8.4 76o 13.5 

160 838 15.1 1077 19.2 

24 	hrs. 4375 78.8 4445 79.1 

48 hrs. 5382 97.1 5381 95.8 

7 days 5540 5616 
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Table 53  

The effect of various exposures to different concentrations 

of thionazin on the activity of D.dipsaci measured by numbers 

Passing through a tissue in 15 mins. (mean of two reps.) 

Expo. 
mins. 

Conc. 
ppm 

Nos thr' 
in 15 mins 

Total nos. 
used 

% passage 
in 15 mins 

% reduction 
in activity 

3 0 2733 3744 73.o 
10 2571 3509 73.3 

100 
1000 

2308 
2200 

3182 
3712 

72.5 
59.3 

0.7 
18 .2 

9 0 3031 3672 82.5 
1 3238 3742 86.5 
10 3373 3833 88.0 

100 2372 3584 66.2 19.8 
1000 1922 3488 55.1 33.2 

27 0 3220 3553 90.6 
1 3416 3631 91.6 •••• 

10 2873 3676 78.1 13.8 
100 1454 3928 37.o 59.2 

1000 267 3541 7.5 91.7 

54 0 2886 3558 81.1 . 
1859 4019 46.3 42.9 

100 668 3728 17.9 77.9 
1000 117 3461 3.4 95.8  

81 0 2691 3855 69.8 
1 3077 4132 74.5 
10 2426 4125 58.8 15.8 
100 35 4360 0.8 98.9 
1000 1 3876 0.03 99.96 

243 0 2127 4010 53.0  
1 864 . 3939 21.9 58.7 

10 151 3842 3.9 92.6 
100 2 4021 0.05 99.9 
1000 0 4037 0.0 100 
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Table 54 

of passage of P.redivivus through a tissue filter. The rate 

Time of 
passage 

Rep. Number of 
nematodes 

Percentage 
passage 

Mean 

15 mins 

30 mins 

60 mins 

24 hrs 

a 

b 

a 

4) 

a 

b 

a 

b 

3150 

3150 

4062 

4328 

4246 

4629 

4446 

4799 

70.8 

65.6 

91.4 

90.2 

95.5 
96.5 

68.2 

90.8 

96.0 

Table 55 

The effect of various exposures to 100 and 1000 ppm thionazin 

on the activity of P.redivivus measured by numbers of nematodes 

passing through a tissue in 15 minutes 	(mean of two reps.) 

Expo. 
mins. 

Conc. 
ppm 

Nos thr' 
in 15 mins 

Total nos 
used 

% passage 
in 15 mins 

% reduction 
in activity 

0 0 3150 4623 68.1 

15 100 3053 5168 59.1 13.2 

1000 1779 3820 46.6 31.6 

30 100 3572 4493 79.5 - 

100o 792 4038 19.6 71.2 

6o 100 2034 46o8 /14.1 35.2 

1000 216 3750 8  _i• 91.5 
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Fig• 37 

The effect of 1000 ppm thionazin on P.redivivus  

measured by undulations per minute and by the 

rate of passage of nematodes through a filter. 

Key 

A = undulations per minute 

A = passage through a filter 

100- 

75-- 

50- 

15 	30 	60 	90 120 1_50 

Period of exposure - minutes 
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Table 56 

The rate of passage of A.avenae through a tissue filter. 

Time of 
passage 

Rep. Number of 
nematodes 

Percentage 
passage 

Mean 

15 mins 

30 mins 

60 mins 

over 
24 hrs. 

a 

b 

a 

b 

a 

b 

a 

1198 

1613 

2736 

2669 

4311 

33911 

5585 
4947 

21.5 

32.6 

49.0 

53.9 

77.2 
68.6 

27.0 

51.5 

72.9 

Table 57 

The effect of various exposures to 100 and 1000 ppm thionozin 

on the activity of A.avenae measured by numbers passing 

through a tissue in 60 minutes (mean of two reps.) 

Expo. 
mins. 

Conc. 
ppm 

Nos 	thr' 
in 60 mins 

Total nos 
used 

% passage 
in 60 mins. 

% redaction 
in activity 

0 0 3853 5266 73.2 

15 100 256 4736 5.39 92.6 

low 33 5073 0.65 99.1 

3o 100 75 5170 1.45 98.o 

1000 29 6147 0.47 99.4 

6o 100 26 4817 0.54 99.3 

1000 15 5339 0.28 99.6 
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Table 58 

The effect of the solutions resulting from one, two 

and three washings of nematodes treated in thionazin 

on the rate of passage of D.dipsaci through a filter. 

Rep. 	Number of nematodes through filter in: 
15 mins 30 mins 60 mins 3 days 

Control a 2080 2922 3180 3626 
b 2220 2961 3215 3670 

One wash a 1540 2813 3123 3626 
b 2058 2945 3279 3843 

Two washes a 2220 2956 3185 3623 
b 2080 2841 3060 3628 

Three washes a 2144 2984 3296 3759 
b 2160 2852 3100 3597 

% nematodes thr' 	filter in: 
15 mins 	30 mins 	60 mins 

Control 58.9 80.6 87.7 

One wash 48.2 77.1 85.7 

Two washes 60.1 81.2 87.3 

Three washes 58.5 79.3 86.9 
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Fig.38  

The effect of the solutions resulting from one two 

and three washings of nematodes treated in thionazin 

on the rate of passage of D.dipsaci  through a filter. 

Key 

o = control 
0 = one wash 
A = two washes 
❑ = three washes 

0 
15 	30 
	68 

Time - minutes 
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Table 59  

The activity of D.dipsaci measured by numbers passing through 

a tissue in 15 mins immediately after treatment in thionazin 

and after various periods of recovery.(mean of two reps) 

Expo. 
mins. 

Conc. 
ppm 

Recovery 
period 

in days 

:'cos. 	thr' 
in 

15 mins 

. Total 
. nos. 
used 

% passage 	% 
in 

15 mins 

reduction 
in 

activity 

15 0 0 4155 5486 75.74 

1 3938 5233 75.25 

2 4472 5205 85.92 

3 4020 4808 83.61 

6 4360 4842 90.04 

100 ,.0 3370 5461 61.71 18.5 

1 2143 5732 .37.39 50.3 

2 4145 5386 76.96 10.4 

3' 4364 5390 80.96 3.2 

6 4690 5245 89.42 0.7 

1000 0 463 5282 8.77 88.4 

1 205 5344 3.84 94.9 

2 1993 5751 34.65 40.3 

3 3805 5108 74.49 10.9 

6 4280 5124 83.53 7.2 

30 100 0 1610 5325 30.23 60.1 

1 634- 5419 11.70 84.4 

2 3058 5385 56.79 33.9 

3 4060 5428 74.80 10.5 

6 4170 5039 82.75 8.1 

loon 0 403 5199 7.75 89.8 

1 64 5774 1.11 98.5 

a 741 5497 13.48 84.3 

3 3483 5387 64.66 22.7 

6 4677 5648 82.81 8.o 

cont. 
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Table 59 cont. 

Expo. Conc. Recovery Nos thr' 	Total 	passage 	% reduction 

mins. ppm period 	in 	nos 	in 	in 

in days 	15 mins 	used 	15 mins 	activity 

0 0 

1 

2 

3 

5 

7 

2220 

1740 

2185 

2354 

1600 

1531 

3428 

3348 

3334 
3566 

2789 

2778 

64.76 

51.97 

65.54 

66.01 

57.37 
55.11 

100 0 24.5 2942 0.83 98.7 

1 103.5 3477 2.98 94.3 

2 1288 3214 40.07 38.9 

3 1355 3122 43.40 34.7 

5 1321 2710 48.75 85.0 

7 1388 2467 56.26 

1000 0 0.5 2448 0.02 99.97 

1 1 2783 0.04 99.92 

2 234 3409 6.86 89.5 

3 935 3092 30.24 45.8 

5 1204 3197 37.66 65.6 

7 1296 2522 51.39 93.2 

60 



Table 60  

Numbers of D.dipsaci invading onion seedlings in the 

presence of thionazin. 

Conc. 	No. of 
	

Mean 
	

Percentage 
ppm 	nematodes 	mortality 

0 	a 	54+3 
b 
	

537 
	54o 

0.04 a 
b 

623 
519 571 	0 

0.08 	a 	189 
b 	525 357 	54 

0.16 	a 	139 
b 	177 158 	71 

0.31 	a 	7 
10 	68 38 	93 

0.62 	a 
b 	 0 

0 	100 
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Table 61 

The effect of four hours exposure of D.dipsaci to 

various concentrations of thionazin on onion seedling 

.invasion and egg production at three, six and nine days. 

0 

Concentration ppm 

1 	10 	100 1000 

3 days 	Nematodes a 90 62 52 6 
invasion b 83 57 8 4 

Eggs a 0 0 0 0 0 
b 0 0 0 0 0 

6 days 	Nematodes a 165 81 33 ' 181 2 
invasion b 297 278 154 222 50 

Eggs a 6 22 0 0 0 
b 57 11+ 4 3 0 

9 days 	Nematodes a 316 218 327 169 57 
invasion b 253 226 279 37 12 

Eggs a 181 120 21 0 0 
b 246 77 27 18 0 
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Table62 

Observations on the behaviour of A.avenae feeding 

on the fungus 

CONTROL 

B.cinerea per five minute interval. 

Tine 	nem. 
ind. 

movement stylet 
normal 
(no.) 

thrusting 
abnormal 
(no.) 

bulb pulsations 
normal 	abnormal 

(no.) 	duration 	(no.) 
secs. 

0 	1 
mins 	2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

active 
tr 
tr 

tr 
tr  

rr  

tt 
tt 

7 

9 
10 
9 
23 
12 
5 
8 
8 

15 

none 

11 

It 

tt 

It 

It 

tt 
It 

4 
1 
6 
7 
1 
3 
5 

0 
2 
6 

27 
20 
16 
25 
41 
3 
22 

- 
62 
21 

none 

It 

rt 

tt 
It 

It 

It 

rt 

rt 

rt 

mean 
* 	S.D. 

10 
5.27 

3.2 
2.56 

21.5 
18.2 

15 	1 
mins 	2 

3 
4 
5 
6 
7 
8 
9 

active 
11  

ti 
It 
11 
ii 
it 
il 

slow 

4 
15 
3 
4 
1 
8 
0  
27 
0 

none 
It 

i, 
it 
II 

li 
II 
ii 
II 

2 
6 
3 
2 
1 
4 
0 
5 
0 

14.5 
15 
25 
17 
15 
28.5 
- 
10 

none 

it 

tt 

It 

It 

tt 

mean 
S.D. 

7 
8.9 

2.6 
2.0 

14 

5.3 

30 	1 
mins 	2 

3 
4 
5 
6 
7 
8 
9 
10 
11 

active 
It 

II 

,, 
II  

it 
II 

it 
it 

11 
rt 

3 
0 

0 

13 
3 
5 
1 

1 
4 
2 
10 

none 
It 

It  

It 

It  

tt  

II 

t, 
ti 
rt 
ii 

2 
0 
0 
4 
3 
3 
1 

0 
1 
2 
3 

19 

14 
33 
15.5 
15 
- 
13.5 
15 
16 

none 

It 

tt 
It 

tt 

It 

mean 
S.D. 

3.8 
4.2 

1.7 
1.4 

12.8 
8.2 

cont. 
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Table 62 cont. 

Time nem. 
ind. 

movement stylet 
normal 
(no.) 

thrusting 
abnormal 
(no.) 

bulb nulsations 
normal 	abnormal 

(no.) 	duration 	(no.) 
secs. 

6o 
mins 

1 
2 
3 
4 
5 
6 
7 
8 

active 

It 

It 

fi 

 

8 
8 
11 
13 

0 
2 

none 

tl 

11 

It 

tl 

1 
4 
3 
4 
5 
0 
4 
1 

4 
21.5 
17. 
11 
22 
- 
18 
11.5 

none 

It 

mean 
S.D. 

6.4 
4.8 

2.8 
1.8 

13.1 
8.0 

24 
hrs 

1 
2 
3 
4 
5 
6 
7 

active 
it 
u 
u 
I' 
II 

u. 

11 
16 
14 
16 
18 
26 
22 11 

none 
It 

4 
9 
6 
4 
4 
8 
13 

9 
9 
8.5 
8.5 
7 
14 
11.5 

none 

It 

tl 

II 

11 

mean 
S.D. 

17.6 
5.o 

6.8 
3.4 

9.6 
2.3 

10 prm TH10NAZIN 

0 	1 	active 14 0 6 17 Q 
mins. 	2 10 0 5 18.5 0 

3 8 0 3 15 0 
II 4 15 0 7 24 0 

5 10 0 3 11 0 
11 6 8 0 4 82 0 

7 11 2 6 43 1 
11 8 4 0 4 38 0 

9 7 1 4 38 0 
10 15 0 6 62 0 

mean 10.2 0.3 4.8 36 0.1 

S.D. 3.6 0.7 1.4 22.9 

cont. 
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Table 62 cont. 

Time nem. 
ind. 

movement stylet 
normal 
(no.) 

thrusting 
abnormal 
(no.) 

bulb pulsations 
normal 	abnormal 

(no.) 	duration 	(no.) 
secs. 

15 1 active 6 5 0 - 11 
mins. 2 16 0 6 22 0 

3 
4 II 6 

13 
12 
0 

1 
2 

3 
7 

9 
0 

5 1 0 1 4 0 
6 II 19 0 3 20 0 
7 II 13 24 2 5 19 
8 II 7 0 0 - 1 
9 It 19 2 0 - 5 

10 4 5 0 - 6 

mean 10.4 4.8 1.5 6.1 5.1 
S.D. 6.4 7.8 1.3 8.2 6.2 

30 1 active 15 6 2 8 22 
mins 2 it 6 1 2 8 0 

3 slow 0 0 0 - 0 
4 active 2 15 0 - 25 
5 n. 16 12 0 - 34 
6 n 17 27 0 - 51 
7 slow o 0 0 ._ 0 
8 active 4 0 0 - 0 
9 n 11 0 2 7 0 
10 11  1 11 0 - 0 

mean 7.2 7.2 0.6 2.3 
S.D. 6.9 9.0 0.9 4.0 17.7 

60 1 active 9 8 2 5 7 
mins. 2 II 3 250 0 - 3 

3 II 0 34 0 - 14 
4 inactive 0 0 0 - 0 
5 active 0 15 0 - 7 
6 II 8 16 0 12 
7 U 5 9 1 1 8 
8 ,, 0 1 0 - 2 
9 ,, 1 8 0 - 5 
10 inactive 0 0 0 - 0 

mean 2.6 34.1 0.3 0.6 5.8 
S.D. 3.5 76.5 0.7 1.6 4.7 

cont. 
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Table 	62 cont. 

Time 	nem. 
ind. 

movement stylet 
normal 
(no.) 

thrusting 
abnormal 
(no.) 

bulb pulsations 
normal 	abnormal 

(no.) 	duration 	(no.) 
secs. 

24 	1 
hrs. 	2 

3 
4 
5 
6 
7 
8 
9 

slow 
It 

II 

1 

II 

It 

11 

11 

none 
11 

II 

II 

II 

11 

II 

3 
6 
7 
4 
8 
8 

19 
2 
2 

none 
II 

II 

It 

II 

II 

II 

II 

II 

2 
4 
3 
2 
3 
0 
1 
1 
0 

mean 
S,D. 

6.6 
5.2 

1.8 
1.4 

100 ppm THIONAZIN 

0 	1 
mins. 	2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

active 
II 

It 

II 

II 

II 

11 

5 
7 

12 
7 
4 

16 
14 
0 
5 
9 
12 

0 
0 
0 
0 
2 
0 
3 
0 
1 
1 
3 

4 
2 
1 
4 
0 
5 
1 
0 
0 
0 
0 

21 
23 
4 
24.5 
- 
9 
5 
- 
- 
- 
- 

0 
0 
0 
0 
1 
0 
6 
o 
o 
1 
3 

mean 
S.D. 

8.3 
4.6 

0.9 
1.2 

1.5 
1.8 

7.9 
10.1 

1 
1.9 

15 	1 
mins. 	2 

3 

5 
6 
7 
8 
9 
10 

active 
II  

inactive 
active 

inactive 
active 
slow 
active 

II 
inactive 

18 
12 
0 
1 
0 
10 
0 
2 
6 
0 

0 
9 
0 

0 
20 
0: 
2 
18 
0 

0 
0 
0 
1 
0 
0 
0 
1 
0 
0 

3 

8 

6 
6 
0 
9 
0 
25 
0 
1 
9 
0 

mean 
S.D. 

4.9 
6.4 

6 
7.9 

0.2 
0.4 

1.1 
2.6 

5.6 
7.6 

cont. 



mean 
S.D. 

60 	1 	inactive 
mins 2 slow 

3inac tive 

	

4 	slow 

	

5 	inactive 

	

6 	ti 

	

7 	slow 

	

8 	it 

	

9 	inactive 

	

10 	It 
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Table 62 cont. 

Time nem. 
ind. 

movement stylet 
normal 
(no.) 

thrusting 
abnormal 
(no.) 

bulb pulsations 
normal 	abnormal 

(no.) 	duration 	(no.) 
secs. 

30 
mins 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

active 
slow 

It 

active 
II 

It 

slow 
,1 
II 

it 

none 
It 

It 

It 

II 

tt 

It 

II 

II 

II 

22 
0 

0 

25 

34 
51 

0 

0 

0 

0 

none 
II 

II 

It 

It 

II 

It 

II 

II 

II 

22 
0 
0 
12 
32 
16 
0 

0 
0 

13.2 
18.6 

8.2 
11.7 

none 0 none - 0 
II 55 II ••• 55 
II 0 II  - 0 
II 0 It _ 0 
II  0 IT - 0 
II 0 II - 0 
il 9 II - 6 
II 0 

II - 0 
II 

0 
II - 0 

II  0 II - 0 

mean 
S.D. 

6.4 
17.3 

6.1 
17.3 

24 	1 	slow 	none continuouslyn- 	- continuously 
hrs. 	2 	inactive 	It 	 0 

3 	II 	 It 	 0' 
4 	It 	 tt 	 0 

5 	I, 	II 	 0 

6 	it 	II 	 0 

mean 
S.D. 

* S.D. = standard deviation 

II 
- 0 

il - 0 
II •- 0 

11 - 0 
It 0 
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THE EFFECT• OF THIONAZIN ON DITYLENCHUS DIPSACI  

N.G.M. Hague 8 M. Kondrollochis. 
Zoology Department, Imperial College, London. 

Summary 	Thionazin is shown to have no contact action on Ditvlenchus 
dipsaci (stem nematode) but acts indirectly by absorption into bulb 
tissues. There is evidence that the nematodes are controlled by 
prevention of feeding. 

Stem nematodes migrate from treated as readily as from 
untreated bulbs, so two-year down narcissus may be re-invaded as soon 
as thionazin has been metabolised in the bulbs. 

For thionazin to be used successfully for control of stem 
nematode in narcissus the crop would have to be grown, as tulips, on 
a one year cycle. 

INTRODUCTION 

Thionazin (0, 0-diethyl 0-2-pyrazinyl phosphorothioate) has 
been commercially effective as a dip for the control of the stem and 
bulb nematode (D. dipsaci) in tulips at a concentration of 2500 ppm 
for 2 hours. It has also been used as an alternative to Hot Water 
Treatment (HWT) fcr the control of D. dipsaci in narcissus but 
commercially has not been very satisfactory for reasons outlined by 
Hague 8 Kondrollochis (1969). The present paper attempts to elucidate 
how thionazin controls D. dipsaci. The studies on uptake were done on 
narcissus because it is difficult to estimate the chemical in tulips. 

EXPERIMENTAL 

Contact action  
Fourth stage larvae ('eelworm wool') of D. dipsaci, 

collected from heavily infested narcissus bulbs, were revived in water 
and aliquots of about 1500 nematodes were pipetted into beakers 
containing a range of concentrations (0, 1000, 2500 8. 5000 ppm) of 
thionazin. After exposure for 3 hours (the normal time for a narcissus 
bulb dip) the nematodes were washed thoroughly and the number of 
survivors estimated, using the cotton wool filter technique (Purnell, 
1964). Similarly treated and washed larvae were exposed to onion 
seedlings, which they invaded readily. In both experiments therefore, 
no toxic effect could be detected. Thus thionazin has no effect as a 
contact poison even at a concentration twice that in the commercial 
treatment. 

Systemic activity  
In earlier experiments reported by Purnell 8 Hague (1965) 

284 



and Cliff (1966), some evidence of indirect action was demonstrated. 
Duplicate batches of 25 infested bulbs (var. Carlton) dipped for 
2 or 8 hr in thionazin concentrations of 1000,3000, and 9000 ppm made 
up from the commercial 46% e.c., were planted in Cctober and the 
number of nematodes assessed the following June (Table 1) by extraction 
on a modified Seinhorst mistifier. 

TABLE 1. 

Number of nematodes extracted from 130 ml of chopped up bulb. 

Dipping 	Concentration of thionazin (ppm). 
time 

0 1000 3000 9000 

hr. 18860 20290 450 240 

2 hr. 14250 1386 105 160 

8 hr. 25100 920 85 95 

The results at 3000 ppm (just above the commercial rate) after 2 hours 
exposure gave good control but the recovery of even a few hundred 
nematodes represents a potential hazard. Cliff (1965) reported that 
thionazin, incorporated in agar on which mushroom mycelium was growing, 
was very effective in controlling D. mvceliophaous. Cliff's criterium 
of mortality was based on the non-multiplication of the nematode and 
therefore it is difficult to be certain that the nematodes were killed 
by feeding, they may have been unable to feed. Recent work by Nelmes 
(private communication) with aldicarb, and one of us working with 
thionazin showed that Aphelenchus avenae, feeding on Lularium sp. in 
agar containing these chemicals, stopped feedina and became inactive; 
no eggs were laid. 

Migration of nematodes from treated bulbs. 

Hague and kondrollochis (1969) showed that D. diosaci  
migrate from narcissus bulbs dipped in thionazin. In a similar 
experiment the number of nematodes extracted from both treated and 
untreated tulips was plotted against the number in soil (Fig. 1), 
and shown to be positively correlated, migration occurring from both 
treated and untreated bulbs. 

The migration of nematodes into soil may lead to re-invasion 
of tulips planted back into the same soils for narcissus, which are 
usually down for two years, re-invasion could occur when the thionazin 
in bulbs has been metabolised. 
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Fig. 1. Relationship between stem nematodes extracted 

from tulip bulbs and soil. 
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Uptake and retention of thionazin in narcissus bulbs  

To estimate the uptake of thionazin by narcissus bulbs, 

batches of 12 bulbs from an infested stock were dipped at 2500 ppm 

for 2i hours in August 19682 half the bulbs were stored dry, and the 

other half planted. Samples were taken monthly for 5 months. bulbs 

were chopped up and the nematodes from a 300 ml sample extracted by 

the mistitier. Another sample of 50 g of bulb material 'as placed in 

200 ml of a benzine/hexane/acetone mixture (6:1:1) with 50 g of 

anhydrous sooium sulphate to absorb water: the mixture was hz,mogenised 

for 15 min and left to stand for 24 hr. The supernatant was decanted 
and the thionazin concentration determined by standard gas liquid 

chromotograohy techniques. The nematode counts and concentrations 

of thionazin are shown in Table 2. The concentration of thionazin in 
the unplanted bulbs was 8 - 10 times as great as that in the planted 

bulbs, indicatinq that metabolism of the chemical was, as expected, 

greater in growing bulbs. There were, however, far fewer nematodes 

in the planted bulbs. 

The nematode counts confirm the work of Winfield and 

Heslino (1966) which showed that prolonged storage of untreated bulbs 

was undesirable. The recovery of large numbers of nematodes from 
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treated bulbs stored dry is again indicative of non-feeding by the 
nematodes: under these conditions the population remains static for a 
few months until the bulbs start some form of growth even though they 
are out of the soil. 

TABLE 2. 

Concentration of thionazin (ppm) and number of nematodes in planted and 

stored narcissus bulbs dipped for 21 hr in 2500 ppm thionazin. 

Time of 	Unplanted 	 Planted 
examination 

Conon. 	Treated 	Untreated 	Conc
n. 

Treated 	Untrelted 

(PPm) 	 (PPm) 

Aug. 368 16082 8310 

Sept. 150 11725 34812 25.2 75 95'1 

Oct. 176 16690 42375 7.3 61 1304 

Nov. 45 1071 78812 2.4 665 5450 

Dec. 38500 16.2 51 892', 

Behaviour of nematodes in treated bulbs 

Infested narcissus and tulips were dipped in thionazin. 
After 29 and 64 days respectively the bulbs were chopped up and nematode; 
extracted on the mistifier. 2000 nematodes from each of the treated 
and untreated samples were added to five 6-days onion seedlings grow! 
on filter pads in petri dishes and after one week the seedlinus were 
examined. All seedlings contained nematodes and eggs again indicitino 
that nematodes in treated bulbs are not feeding and remain viabl,. 

In a similar experiment the activity of treated nematodes in 
planted and unplanted bulbs was examined at 1, 2, 5, 8, 15, 29, 62 and 
124 days after treatment. Immediately after treatment nematodeF were 
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inactive at first but regained activity after about one hour. Uo to 
62 days nematodes were mostly inactive, usually straightened out or 
kinked and a few were twitching slightly. On day 124 nematodes from 
treated bulbs were as active as nematodes from untreated bulbs, 
indicating that thionazin was no longer having an effect. 

Fate of nematodes in bulbs stored dry after treatment  

Batches of 20 infested narcissus bulbs were dipped in a 
thionazin concentration of 2500 ppm for 21 hr and planted in sterile 
soil at weekly intervals up to 10 weeks. Bulbs were grown on in a 
glasshouse and nematodes extracted the following June. There was no 
significant difference between the counts from bulbs planted at 
different times after treatment. The mean count for treatments was 
17 nematodes, while that for untreated was 17,000 from 300 ml of 
chopped bulb material. 

Although nematodes may remain alive in treated bulbs which 
are stored (Table 2) they are clearly eliminated as soon as bulbs are 
planted. It is possible that the amount of thionazin left in the 
stored bulbs (Table 2) is sufficient when metabolised in a planted 
bulb to give an effective control. 

DISCUSSION 

Evidence has been presented in this paper which confirms 
that the main effect of thionazin is to prevent the multiplication 
of D. dipsaci in bulbs containing the chemical. There seems no doubt 
that thionazin interferes with the activity of the nematode but 
treated D..diPsaci recover and will invade onion seedlings and 
reproduce therein. D. dipsaci tolerates immersion in concentrations 
of up to 5000 ppm of thionazin and thus there is no contact action. 

These results are extremely important when considering the 
practical control of D. dipsaci in the field. The degree of control 
seems dependent on the retention of the chemical in the bulb and it 
may be significant that control has been good in tulips, a one year 
down crop in the U.K., and poor in narcissus which is normally down 
for two years. Hesling (1967) has shown that clean dipped narcissus 
bulbs only remain clean for about 6 months when planted into infested 
soil, biological evidence confirming the chemical retention reported 
by Hague 8 Kondrollochis (1969). These authors also reported that 
the LD 50 for thionazin against D. dipsaci in onion seedlings grown 
in solutions of the chemical was of the order of 0.15 ppm, a figure 
similar to that reported by Oliff (1965) for D. mvceliophaqus on 
mushroom. 

D. dipsaci which emigrate from treated bulbs are clearly a 
menace to the crop. What evidence we have to date seems to suggest 
that thionazin is retained in bulbs long enough to prevent 
multiplication and re-invasion during the first year. For satisfactory 

control to be achieved it seems narcissus bulbs must be lifted yearly 
if a chemical dip is used as an alternative to Hot Water Treatment. 

• 
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Hague and Kondrollochis (1969) reported improved control using 
combined treatments of HWT at 1100F for 3 hrs in August, followed by 
thionazin (September) and vice versa, although the later HWT caused 
some flower damage. Any alterations to traditional growing practice 
are difficult to achieve and it is probable that growers will not 
change to one year cropping of narcissus with its attendant increased 
lifting and labour charges. The main advantage of thionazin over HWT 
is its lack of flower damage in the first year and thus until flowers 
become as important as bulbs it is unlikely that growers will change 
their practices. 

HAGUE, N.G.M., 

HESLING, J.J. 
OLIFF, K.E. 
OLIFF, K.E. 
PURNELL, R.E. 
PURNELL, R.E., 
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The Control of Stem Eelworm in Tulips by 
Organophosphorus Compounds 

by K. E. OLIFF*, N. G. M. HAGUE and M. KONDROLLOCHIS 
Imperial College Field Station, Ashurst Lodge, Ascot, Berks. 

SUMMARY 
Dipping tulip bulbs in aqueous solutions of several organophosphorus 
compounds controlled infestations of Ditylenchus dipsaci. One of the 
chemicals, thionazin, has been used commercially with good results. 

INTRODUCTION 
The stem eelworm, Ditylenchus dipsaci (Kuhn) Filipjev, was first reported as a 
pathogen of tulips in Britain by Goodey (1943). Unlike that in narcissus, 
the nematode in tulip cannot be controlled by hot water treatment (HWT) 
because of damage, and therefore growers have had to rely on constant rogueing 
of infested plants from the growing crop and careful sorting of lifted bulbs. 

Oliff (1966) reported on the effectiveness of thionazin for controlling stem 
eelworm in narcissus and the present paper describes experiments in which 
infested tulip bulbs were dipped in several organophosphorus pesticides. 

EXPERIMENTAL 
In a preliminary experiment in 1963/64, an infested stock of tulips (mixed 
cultivars) from Lincolnshire was treated with thionazin in October 1963 using 
the same dipping procedure as described by Oliff for narcissus. Treatments at 
above ambient temperatures were included because work was proceeding at 
the same time on chemical additions to HWT. The factorially designed ex-
periment consisted of treatments in thionazin, formulated from the technical 
product (92 per cent active ingredient) dissolved in equal volumes of acetone 
and Triton X 100 at the concentrations, exposure times and water temperatures 
shown in Table 1. 

The 50 bulbs per duplicate treatment were planted immediately after dipping 
and assessed in the spring of 1964 for phytotoxicity and for the degree of 
nematode control. 

Bulbs were lifted, the whole plant chopped up and after thorough mixing the 
nematodes were extracted from a 0.131. sample of the cut-up bulb material 
on a modified Seinhorst mistifier (Sturrock, 1961). Flowers were counted to 
measure gross chemical effects, though it is impossible to get accurate results 
as the nematode may affect flower formation in the absence of any treatment. 

The results (Table 1) indicated that compared with its effect on narcissus, 
thionazin caused more damage to tulips and did not appear to control the 
nematode as efficiently. 

In 1964/65, thionazin concentrations were made up from a commercially 
formulated 25 per cent emulsified concentrate containing propylene glycol, 
xylene and alrodyne as emulsifier. Infested tulips of cv. Rose Copland were 
dipped for 4, 8, 16 and 32 hr at ambient temperature. The results (Table 2) 
confirmed that the chemical was more phytotoxic to tulips than to narcissus. 
Satisfactory nematode control was obtained at concentrations and exposures 

*Now at P.O. Box 829, Johannesburg, South Africa. 
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at or in excess of 1,000 p.p.m. and 4 hr respectively, although phytotoxity was 
more marked than expected. 

TABLE 1 

Nematode counts per 0.13 I. of chopped up bulb material and number of 
healthy flowers produced after dipping in thionazin, 1963/64 

Tempera- 	Concen- 	2-hr dip 	 6-hr dip 	 18-hr dip 
ature 	tration 	Nematode Flower ' Nematode Flower Nematode Flower 

p.p.m. count count count count count count 

Ambient 	0 	35520 	6 	18400 	6 	59800 	10 

	

200 	2380 	26 	8800 	16 	4680 	16 

	

600 	4700 	32 	1740 	31 	4100 	25 

	

1800 	1480 	22 	1640 	15 	200 	12 

26.8°C 	0 	4060 	26 	3380 	17 	7000 	9 

	

200 	7600 	22 	8960 	13 	1480 	3 

	

600 	1720 	20 	2740 	21 	1480 	6 

	

1800 	1060 	22 	1040 	7 	140 	4 

	

32.2°C 	0 	6500 	24 	7100 	20 	2720 	0 

	

200 	1900 	26 	1000 	20 	340 	2 

	

600 	1440 	12 	370 	26 	910 	0 

	

1800 	660 	30 	400 	5 	400 	0 

	

37.8°C 	0 	6400 	3 	— 	— 	— 	— 

	

200 	3500 	1 	— 	— 	— 	— 
600 770 0 — — — — 
1800 — — — — — — 

TABLE 2 
Nematode counts per 0.13 I. of chopped-up bulb and leaf material and number 

of healthy flowers after a dip in thionazin: means of duplicates, 1964/65 

Concen- 	4-hr dip 	8-hr dip 	16-hr dip 	32-hr dip 
tration Nema- Flowers Nema- Flowers Nema- Flowers Nema- Flowers 

	

p.p.m. 	todes 	 todes 	 todes 	 todes 

	

0 	4055 	25 	2025 	26 	1775 	25 	2155 	22 

	

500 	250 	23 	1000 	21 	200 	17 	135 	4 

	

1000 	74 	18 	72 	15 	15 	4 	72 	0 

	

2000 	125 	8 	53 	8 	19 	0 	109 	0 

	

4000 	35 	10 	179 	4 	44 	0 	49 	0 

	

8000 	195 	4 	45 	1 	— 	— 	— 

In another trial, thionazin — 46 per cent emulsifiable concentrate — was 
compared with an emulsifiable concentrate of "VC 13" (0-2, 4 dichlorophenyl 0, 
0-diethyl phosphorothioate) and dichlorvos, 50 per cent emulsifiable concen-
trate. Batches of 25 infested tulips cv. Rose Copland were dipped as indicated 
in Table 3: replication was twofold and treatments were done in the period 2-24 
October. The results showed that thionazin treatments were less phytotoxic 
than in the earlier experiment and that the higher percentage of solvents in the 
25 per cent concentrate probably damaged the bulbs. All three chemicals gave 
some control, but thionazin and VC 13 were most effective. 

In these experiments the minimum exposure time was 4 hr which may account 
for the relatively severe phytotoxicity. Experiments at lower exposures were 
therefore ,done in 1966/68. 
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TABLE 3 
Nematode counts per 0.13 1. chopped-up bulb material and number of 

healthy flowers per 25 bulbs after dipping in three concentrations each of 
three organophosphorus compounds, 1964/65 

Exposure 	1000 p.p.m. 	3000 p.p.m. 	9000 p.p.m. 
time Nematodes Flowers Nematodes Flowers Nematodes Flowers 

Dichlorvos 	4 	2060 	17 	1200 	14 	350 	3 
8 	470 	19 	560 	16 	— 	— 

16 	400 	17 	125 	15 	— 

Thionazin 	4 	1440 	20 	68 	18 	20 	13 
8 	315 	15 	196 	19 	114 	12 

16 	220 	22 	14 	15 	58 	8 

VC 13 	4 	48 . 	23 	. 55 	16 	655 	7 
8 	68 	22 	95 	11 	193 	7 

16 	17 	20 	94 	6 	23 	11 

The mean control count was 3,860 nematodes and 19 flowers. 

An experiment in 1965/66 showed that phorate was effective against nema-
todes in bulbs and there was some evidence that chlorfenvinphos was effective 
against "ectoparasitic" plant nematodes (Montagne, private communication). 
These chemicals were therefore compared with thionazin in two seasons at 
three concentrations, exposure time being 2 hr. In both years, batches of 
50 bulbs were exposed per treatment, but in 1966/67 cv. Elmus was dipped 
between 7-14 November 1966 and in 1967/68 cv. Rose Copland was dipped 
between 16-28 November; bulbs were planted in the field and assessed the 
following spring (Table 4). 

TABLE 4 
Effect of three organophosphorus emulsffiable concentrates: nematode counts 
per 0.3 1. cut-up bulb material and number of healthy flowers: means of 

duplicates 

Concen- 
tration 
p.p.m. 

1966/67 
Nema- 
tode 
count 

Flowers Concen- 
tration 
p.p.m. 

1967/68 
Nema- 
tode 

count 

Flowers 

0 250 34 0 10154 45 
Thionazin 1400 3 36 Thionazin 1250 295 44 
46 per cent 1960 130 36 46 per cent 2500 3 34 

2750 44 31 5000 1 16 

Phorate 2500 0 26 Phorate 1250 1 41 
25 per cent 3250 40 29 45 per cent 2500 7 37 

4500 3 20 5000 6 39 

Chlorfen- 1000 1055 28 Chlorfen- 1000 693 47 
vinphos 2000 30 33 vinphos 2500 7 38 
50 per cent 4000 1 27 24 per cent 5000 2 24 

All three chemicals gave considerable control. In 1966/67 duplicate batches 
of bulbs were treated and planted in boxes in the glasshouse. The mean nema-
tode count in the controls was 5,960 compared with the 250 in the field, a 
result which can only be explained by migration of nematodes from bulbs 
into soil (which was not examined). 
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DISCUSSION 
In the 1963/65 experiments, the times of exposure to thionazin were high. In 
1966/68 seasons the treatments at concentrations of 1,250 p.p.m. or above for 
2 hr gave control as satisfactory as at higher concentrations and exposure times. 

Thionazin has proved more satisfactory against stem eelworm in tulips than 
in daffodils under field conditions. Tulips are normally treated in September/ 
October just before planting, while daffodils are always treated earlier to keep 
the multiplication of the eelworm to a minimum. It is possible that thionazin 
is metabolized more rapidly and is therefore more toxic at the late date, a factor 
which is still under investigation. 

In the seasons 1966/68 all three organophosphorus pesticides tested gave 
good control of stem eelworm. Based on the results of these two experiments, 
it appears that phorate is slightly better than thionazin which is the only one 
of those tested in commercial use as a bulb dip. Similar experiments on infested 
daffodils suggest that phorate is as good as thionazin. 

In all the bulb experiments assessed so far, a few living eelworms were always 
recovered from even the most effective treatments. Those survivors may be a 
potential source for development of eelworm resistance to organophosphorus 
pesticides. 

The authors would like to thank the Agricultural Research Council for support for part 
of the work described in this paper. 
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PROBLEMS ASSOCIATED WITH THE CONTROL 
OF THE STEM NEMATODE, DITTLENCHUS D1PSACI 

IN NARCISSUS BULBS 

by 

N.G.M. Hague & M. Kondrollochis 
Department of Zoology and Applied Entomology, Imperial College, 

Ashurst Lodge, Ascot, England 

Thionazin (0,0-diethyl 0-2-pyrazinyl phosphorothioate) has 
been used commercially as a bulb dip in Great Britain for about 
three years. At the concentrations reported by Oliff et al. (1969) 
very effective control has been obtained against D. dipsaci in heavily 
infested tulips under field conditions, but poor control has been 
achieved when treated narcissus were left down for two years, 
the normal practice in Great Britain. 

Under experimental conditions, Purnell and Hague (1965) 
and Oliff (1966) reported excellent control of D. dipsaci in narcissus 
and therefore it is difficult to understand the field results. 

The present experiments were designed to elucidate some of 
the possible reasons for the ineffective control. 

Experimental 

In the first experiments the 'in vitro' toxicity of thionazin to 
the 4th stage larvae ('eelworm wool') of D. dipsaci was investigated. 
'Eelworm wool' collected from heavily infested narcissus bulbs 
was revived in water and aliquots containing about 1500 nemato-
des, pipetted into beakers containing 5000 ppm of thionazin : the 
times of exposure were 1/2, 1 and 2 hr and replication two-fold. 
The control in this experiment contained xylene and Triton X100. 
After treatment the nematodes were washed thoroughly and placed 
on a cotton wool filter in a petri dish of water. The number of 
nematodes moving through the filter were counted (Table 1). 
Onion seedlings were exposed to nematodes similarly treated and 
again no toxic effect could be detected. Thus Thionazin has little 
or no effect on the ability of the nematodes to move through the 
filter or their ability to invade seedlings. The concentration was 
double that in commercial use. 
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TABLE 1 

The number of 4th stage larvae of D. dipsaci moving through a milk 
filter after treatment in 5000 ppm thionazin. 

Time of Exposure (hr) Treated Control 

1A, 
1 
2 

445 
443 
396 

481 
479 
488 

Since the numbers of nematodes recovered in the control was 
about 1/3 of the original total, a second experiment was done to 
include water alone. 3000 revived 4th stage larvae were exposed to 
a concentration of 2500 ppm (the commercial dosage) for 3 hrs. 
The results are shown in Table 2. Thionazin had no effect but xylene 
and emulsifier alone caused a considerable mortality. 

TABLE 2 

The numbers of 4th stage larvae of D. dipsaci moving through a milk 
filter after treatment in 2500 ppm thionazin. 

Original Formulation Number of Nematodes % Mortality 

Thionazin Technical 50 % 1090 38 % 
Xylene 	 30 % 
Triton X100 	20 % 

Water 	 50 % 1010 42 % 
Xylene 	 30 % 
Triton X100 	20 % 

Water alone 1750 

Thus one reason for the poor control observed could be that 
nematodes, on the outside of the bulb or near the base plate are not 
killed by the thionazin treatment; such nematodes would migrate 
into the soil and then reinvade the bulb when all the thionazin had 
been metabolised in the bulb. An experiment was therefore set up 
to compare the migration of nematodes from treated narcissus. 
Infested narcissus (cultivar Carlton) were dipped on 17/10/67 in 
2500 ppm thionazin (46 % E.C.) for 2 1/2 hr and planted into 
sterilised soil. There were duplicated batches of 10 bulbs per pot 
and the nematode infestation was examined monthly for 8 months. 
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At each sampling date, all 10 bulbs per pot were lifted, chopped 
up and the nematodes extracted on the Modified Seinhorst Mistifier, 
Two 250 ml. soil samples from each pot were placed on Whitehead 
trays (Whitehead & Heming, 1965) and the number of D. 
dipsaci counted. In Fig. 1 the number of nematodes found in the 
bulbs is shown to be correlated with those sampled from the soil 
irrespective of whether they were treated or not. If the results are 
examined monthly (Table 3) the numbers of nematodes in both 
bulbs and soil from treated samples at the end of five months is 
very low. The migrating nematodes seem to be disappearing be-
cause they are certainly not re-entering the bulb and multiplying. 
In the experiments reported by Purnell & Hague (1965) and 
0 lif f (1966) very low counts were found in treated bulbs nine 
months after treatment. 
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TABLE 3 

Migration of D. dipsaci into soil from narcissus bulbs dipped in 2500 ppm 
of thionazin for 2 1/ hrs. 

Treated Untreated 
Time of extraction 

months after treatment 
Bulb Soil Bulb Soil 

1 13,174 76 105,627 23,004 
2 743 165 13,067 900 
3 1,199 1,191 5,944 294 
4 294 78 4,675 4,746 
5 95 12 3,975 36 
6 2,950 36 15,806 231 
7 12 0 569 63 
8 107 0 16,238 147 

In 1964 heavily infested bulbs of the cultivar Golden Harvest 
were treated on the 22nd October after they had been thoroughly 
sorted to remove soft and obviously diseased bulbs. Duplicate 
batches of 25 bulbs in nylon net bags were dipped in thionazin 
concentrations of 1000, 3000, 9000 ppm, made up from commercial 
46 % E.C., for 1/2, 2 and 8 hrs. The bulbs were planted immediately 
in the field and the number of eelworms in 10 of the bulbs was 
assessed in July, 1965, by extracting them from two duplicate 130 cc 
samples of chopped up bulb material on the mistificr. The results 
(Table 4) agree very closely with those of Oli f f (1966) in that the 
counts from bulbs treated with thionazin at 3000 or 9000 ppm were 
the order of 200 ± 150. Treatment at 1000 ppm was ineffective 
also confirming Oliff's work. There was no significant damage 
to flowers at any concentration or exposure time. 

TABLE 4 

Number of nematodes extracted from 130 cc of chopped up bulb material and the number of 
flowers in 1965 after treatment in various concentrations of thionazin in October, 1964: 

means of duplicates. 
Concentration of Thionazin (ppm). 

Time 
of dipping 

0 1000 3000 

Nematodes Flowers 

9000 

Nematodes Flowers Nematodes Flowers Nematodes Flowers 

1/2  h. 
2 h. 
8 h. 

18860 
14250 
25100 

13 
16 
17 

20290 
13860 

920 

17 
22 
16 

450 
105 
85 

19 
15 
20 

240 
160 
95 

14 
21 
16 
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The remaining 15 bulbs from each replicate were stored and 
those bulbs capable of growth were replanted in pots in sterilised 
soil. The nematode counts obtained in 1966 (Table 5) confirmed 
the results of the previous year. Nematodes were almost eliminated 
from bulbs originally treated at 3000 and 9000 ppm in October 
1964, indicating that the nematodes sampled in 1965 were probably 
incapable of reproducing. 

From these and the results reported by previous workers, it 
seems clear that thionazin should control D. dipsaci in narcissus. 
Even though nematodes migrate from bulbs into soil they clearly 
do not re-enter bulbs during the first growing season. 

TABLE 5 

Number of nematodes extracted from 130 cc of chopped up bulb 
material in 1966 after replanting bulbs originally treated with thiozanin 

in October 1964. 
Concentration of Thionazin (ppm) 

Time of dipping 0 1000 3000 9000 

V2 h. No bulbs 27,600 340 100 
2 	It. No bulbs 48,500 0 
it 	It. 1 I 1,700 37,200 0 0 

In 1968 an experiment was set up to study the uptake of thio-
nazin and its loss from bulbs over a period of several months. 
9 batches of 12 bulbs were dipped in a thionazin concentration of 
2500 ppm for 2 1/2 h. made up from commercial 46 % E.G. at each 
of the dates in each month shown in Table 6. Except for the sample 
taken immediately after dipping 4 batches were planted and 4 
hatches stored dry and these were sampled monthly as shown in 
the table. On each sampling date 12 bulbs were chopped up and 
stored in a deep freeze to break up cells prior to extraction. 50 g. of 
bulb material was placed in 200 ml of a benzene/hexane/acetone 
mixture (8 :1 :1 ) with 50 g of anhydrous sodium sulphate to absorb 
water : the mixture was homogenised for 15 mins. and left to stand 
for 24 hours. The supernatant was decanted into small bottles and 
the thionazin concentration determined by standard gas liquid 
chromotography techniques (Table 6). 

Stored bulbs retained thionazin longer than planted bulbs 
which is hardly surprising because bulbs immediately start meta-
bolising when planted. Thionazin is clearly persistent in narcissus 
and this may well explain why migrating nematodes do not re-
enter bulbs. 
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TABLE 6 

The uptake of Thionazin (ppm) in dipped bulbs treated on different dates. 

P.P.M, Thionazin 

Time 
of sampling 

Unplanted 
Time of dipping 

Aug. 

Time of 

Sept. 

Planted 
dipping 

Nov. Aug. Sept. Oct. Nov. Oct. 

Aug. 368.0 
Sept. 149.6 314.0 25.2 
Oct. 176.3 110.4 230.5 7.3 52.6 
Nov. 45.4 35.7 161.0 215.5 2.4 16.0 22.8 
Dec. 46.2 161.3 115.8 16.2 21.6 30.8 	113.4 
Jan. 23.5 55.6 143.2 3.6 9.6 	36.1 
Feb. 36.4 86.6 9.0 	13.4 
Mar. 57.2 7.8 

In order to find out what concentration of thionazin kills D. 
dipsaci, onion seedlings were germinated on filter paper in petri 
dishes. The water contained thionazin concentrations of 0.5, 0.15 
and 0.05 ppm : the seedlings were grown for 6 days when approx. 
3250 4th stage larvae were added. 10 replicates, each with 2 seedlings 
were set up for each treatment. 4 days later the seedlings were 
examined for D. dipsaci and numbers invading counted (Table 7). 
Extrapolation from these results suggests that D. dipsaci should be 
effectively controlled at a concentration of 1 ppm. This indicates 
that the amount of thionazin retained in planted bulbs after 5 
months is sufficient to control the nematode. 

TABLE 7 

The number of D. dipsaci in onion seedlings grown in water containing 
various concentrations of thionazin. 

Concentration Thionazin 
ppm Nematode count % Mortality 

0.05 
0.15 
0.50 
Control 

901 
734 
135 

1505 

34.2 
55.0 
90.2 
0.0 
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Commercially narcissus bulbs ate always treated and planted 
before tulips because infested narcissus tend to deteriorate due to 
the rapid multiplication of the nematodes in stored bulbs (Win-
field & Hesling 1966) and therefore it was decided to investigate 
the effect of double treatments, i.e. 1 lot Water Treatment (HWT) 
followed by organophosphorus dips which should prevent the build 
up of the nematode population. 

In the late autumn 1967 batches of 25 bulbs (cultivar Carlton) 
and 50 bulbs (cultivar Verger) were exposed to various combina-
tions of HWT (1101. (43.4 -C) for 3 1/4 Ii.), thionazin (2500 ppm) 
for 21/2h. and phorate (2500 ppm) for 21/2h. The dates and combi-
nations of treatment are shown in Table 8. Bulbs were planted in 
the field on 1st Dee. and the number of nematodes assessed the 
following spring from duplicate extractions of 300 ml samples of 
chopped up bulb material. The results (Table 8) show that phoratc 
gives as good control as thionazin and also causes no flower damage. 
Double treatments, particularly HWT followed by either thionazin 
or phorate, gave the most effective control, although there was 
some flower damage. 

TABLE 8 

The effect of various combinations of HWT, thionazin and phorate on the control of D. dipsaci 
in two narcissus cultivars : the numbers of nematodes and flowers, means of duplicates. 

Double try:worms 1967-611 
___ --- ------ 	--- 

Date treated 

Vc •ger 	I 	Carlton 
1 

- 	- 
Nematodes Flowers Nematodes Flowers 

Untreated 20950 

449 

12 

1 

640 

3 

29 

14 I1WT (43.4" C) 
110" F for 3 1/4 

24 Oct. 

IIWT 
Thionazin 2501) ppm 

11117 
Plumate 2500 ppm 

Thionazin 2500 ppm 

Thionazin 2500 ppm 
TItionazin 2500 Ppm 

______ 

24 Oct. 
21 Nov. 

2 2 1 26 

24 Oct. 
24 Nov. 

1 2 2 21 

I3 Oct. 11 

21 

31 

28 

49 

8 

31 

31 13 Oct. 
10 Nov. 

Phorate 2500 ppm 

l'horate 1500 ppm 
Moran. 2501) ppm 	

.... 
Thionazin 2500 ppm 
Form:141(110c 0.5 ",;, 

Phoratc 2500 ppm 
Formaldehyde 0.5 ''„ 

25 Oct. 

25 Oct. 
23 Nov. 
__ 

8 29 15 28 

2 30 4 33 

19 Nov. 
19 Nov. 

1 17 3 28 

24 Nov. 
24 Nov. 

23 22 3 29 



In 1968 similar treatments were done on an infested stock of 
the cultivar Fortune. The first treatment was done on 20th August 
to minimise flower damage caused by HWT and the second treat-
ment on 7th Oct. The HWT was 112°F (44.5°C) for 3 1/2 h. and 
the thionazin dip was at 2500 ppm for 3 h. Chlorobromopropene 
(CBP 55), known to be an excellent contact nematicide (Hague  
1964), was added at 400 ppm; it was formulated with thionazin 
and the combined treatment was done on 20th August. 

There were duplicate batches of 10 bulbs per treatment. After 
completing dips bulbs were planted into sterilised soil in pots 
and grown in a greenhouse. Duplicate 300 cc bulb samples and 
300 cc soil samples were taken in December and March. The various 
treatment combinations and the results are shown in Table 9. 
Double treatments involving HWT and thionazin are beneficial. 
Thionazin followed by HWT gave the best result but also caused 
the expected flower damage. The addition of CBP to the thionazin 
dip did not improve the effectiveness of thionazin. 

TABLE 9 

The number of nematodes extracted from bulbs and soil in December and March after various 
combined treatments: means of duplicates. 

December March 

1 
Bulb 	' 	Soil Bulb 	Soil Flowers 

Untreated 18290 2050 57270 5735 10 
HWT 1l2' F for 3 1/2  h. 68 90 256 8 12 
Thionazin alone 106 0 348 8 12 
HWT -1- Thionazin 128 20 6 18 12 
Thionazin --1- 1-IWT 1 0 0 0 5 
Thionazin + CBP 87 51 1740 0 13 
CBP alone 10270 1486 16830 506 11 

Discussion 

From the results reported in this paper it is difficult to under-
stand why adequate control of D. dipsaci in narcissus has not been 
obtained under field conditions. 

The concentration of thionazin in bulbs stored dry after treat-
ment was much higher than that in planted bulbs but the concen-
tration in the latter did not fall below the level that killed D. dipsaci 

pc, 
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in the onion seedling assay. Many %vtirkers have considered that. 
the nematodes found on the outside of bulbs, i.e. 'eclworm wool' 
were the main obstacle to efficient control. Thionazin has no 
contact action and nematodes will migrate into soil from treated 
bulbs, but the level of nentatmle 1pul►ulation both in bulb and in 
soil declines with time. Also bulbs originally dipped at concen-
trations of 3000 ppm or above, replanted in sterilised soil after 
one year contain almost no 'living' nematodes. All these results 
suggest that control ought to be excellent which it has been under 
experimental conditiom. 

The method of treating narcissus for celworm control is a 
very variable process dependent largely on the weather at lifting 
and planting. One factor which may be important is the moisture 
content of the bull) at the time of treatment. This would have little 
elli•ct on I IWT but the uptake of thionazin has been shown to be 
related to the dryness of the bulb at the time of dipping (Skrentny 

• private communication) : unfortunately the moisture content 
of the bulbs was not measured in the experiment on thionazin 
uptake in this paper. 

Another problem which has not been investigated thoroughly 
is the amount of thionazin in solution in dips under practical 
conditions where bulbs arc being put through the same dip for 
about a week. Tlit"soltibility of thionatin in wit ty '. iv Ami n Wm) ppm 
but Olin's ( I966) work suggests that a nominal concentration 
of about 2000 ppm is required to get an effective kill in narcissus 
while the comparable figure for tulips is between 500-1000 ppm 
(Oliff et al. 1969). Tulips are almost always treated just before 
planting (September-October) while with narcissus it has been 
the practice to follow HWT procedure and dip as early as possible. 
This is certainly a wise precaution because as reported by Winfi eld 
& Hcsling (1966) rapid multiplication of nematodes occurs in 
infested bulbs removed from soil. The double treatments, particu-
larly HWT followed one month later by thionazin or phorate, 
gave excellent results. It is clear that HWT at 110°F (43.4°C) 
for 3 hr and thionazin has many advantages over HWT at 112°F- 

l .1 "F which is used to clean up infested bulbs. The damage to 
flowers and growth is often serious unless the bulbs arc heat condi-
tioned prior to HWT. 

The main advantage of thionazin is its lack of damage to 
flowering in the first year. This suggests that UK growers could 
profitably turn to growing narcissus as a one year down crop as 
in the Netherlands. It would be necessary to investigate comparable 
yields of bulbs from one two year down crop and two one down 
crops, taking into account the increased number of flowers in the 
first year crop in the absence of HWT. 
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RESUME 

Quelques problemes associes it la lutte contre 
Ditylenchus dipsaci dans les bulbes de narcisse. 

L'cmploi dc Thionizin (0.0.-diethyl-0.-2-pyrazinyl phosphorothioate) dans 
la lutte contre ditylenchus dipsaci par trempage des bulbes de tulipes est une 
pratiquc commerciale bien etablie en Grande-Bretagne. Toutcfois les resultats 
obtenus pour les narcisses dans la lutte contre cc meme nematode ne sont pas 
satisfaisants. De nombrcux essais effectues avec des concentrations superieures 
a 2500 ppm (0,25 ("Yo ) pendant 2 1/2 h, ont donne de bons resultats sans signe de 
phytotoxicite neuf mois apres Ic traitement. Le Thionazin n'a pas une action 
directe de contact sur le D. dipsaci. (immersion du 4ierne stale larvairc pendant 
24 It clans 5000 ppm) mais agit d'unc fawn systemique. Des essais recents ont 
demontre que les nematodes delaissent ics bulbes trait& mais on ignore s'il 
pcuvent reinfcster ces bulbes. Des experiences preliminaires avaicnt indique que 
lc Thionizin persiste pendant 4 mots dans les bulbes sous sa forme primairc. 
Le moment de plantation apres traitement n'a pas d'influcnce marquee sur 
Pefficacite de la luttc. Des bulbes traites et plantes dans un terrain infecte ont 
ete protégés partiellement. 

On a essaye d'augmenter Befficacite du traitement en employant simul-
tanement ou separement soit un trempage dans l'eau chaude soit un nematicide 
de contact. 

538 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240

