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THEOREMS

I

The diversified and more specialized plant parasitism in the Tylenchoidea as
compared with the Dorylaimoidea, is probably due to a phylogenetically older
status.

I

It is not normally justified to ascribe a soil-borne disease to the action of a
single pathogen.

I

Nematode damage is a more serious and complex problem in developing coun-
tries than in developed countries.

v

Micro-arthropods are the most important group among the predators of nem-
atoedes in the soil.

A%
Pepper yellows at Sarawak is not a fertilizer problem. (P. W, de Waard, 1969).

VI .

The strong brain drain from India to other countries is an organizational prob-
lem which the government should solve.

VII

A vegetarian is less liable to a number of diseases than a non-vegetarian.

VIII

The choice between burying and burning the dead should be governed by eco-
nomic and hygienic considerations.

R. D. SHARMA
Wageningen, 22th January 1971



CONTENTS

1. GENERAL INTRODUCTION . . . . . . i i e s i e e e v e e e v e 1
1.1. Identityofthespecies . . . . . . . . . e e e e e e e e e e e e 1
1.2, Biologicaldata . . . . . . « « ¢« v it i e et e e e e e e e e . 2
1.3, Scopeoftheinvestigations . . . . . . . . . . & v v i v e e r e e e e 5

2. MATERIJALS AND METHODS . . . . . . . . . i i i s e s e s et e s [
2.1. Nematodes, microarthropods and microorganisms . . . . . . . . . . . . . 6
200 Nematodes . . . . . . . s e e e e e e e e e e e e e e e e e 6
212 Microarthropods . . . . . . . .« ¢« L L e e e e e e e e e e e 6
2103, MiCroorganisms . . . . . . . . L L L i e e e e e e e e e e 7
2.2, Fields,soilsandplants. . . . . .. .. e e e e e e e e e e e 7
220 Fields . . . . . i e e e e e e e e e e e e e e e e e e e e 7
222 . 80ils . . .. . . s e e e e e e e e e e e e e e e e 7
223 PlANIS . © . . L . s e e e e e e e e e e e e e e e e e e 8
2.3, Eguipment for controlling experimental conditions. . . . . . . . . . . .. 8
231, Containers. . . . + + v v 4 4 e e e ke e e e e e e e e e e e « .. 8
2.3.2. Growthchambersandincubators . . . . . . . .. .. .. .. ..... 9
2.3.3. Facilities and methods for sterilization. . . . . . . . . . ... ... .. 10
2.4. Enumeration of nematodes, microarthropods and other organisms. . . . . . 10
241 Nematodes . . . . . 0 . i i e e e e e e e e e e e e e e e e 10
242 Microarthropods . . . . . . . . ¢ . . L 0 L e e e e e e e e L |
243, Otherorganisms . . . . - . . . - o & it e e e e e e e e e e e 1
2.5. Evaluationof PlantGrowth. . . . . . . . . ¢ . .« v v v v i e v e 13

3. REPRODUCTION, DEVELOPMENT AND GROWTH . . ... .. .. .. 14
31, Mating . . . . . e e e e e e e e e e e e e e e e e e e e 14
3.1.1. Morphological structures. . . . . « . « « v ¢ 4 4 v . e e e e . ... 14
31.2. ThematiBE PIOCESS & « & v v v v ¢ v+ ¢ 4 ot a0 o o 0 o o o o o o s 15
32, Theegg . - . . . v v o v v vt e e e e e e e e e e e e e e e e 16
320, Theeggeell . . o . 0 v v v e e e e e e e e e e e e e 16
322 0vIPOSIlION . . & . L h b e et e e e e e e e e e e e e e e e 19
3.2.3. Developmentoftheegg . . . . . . . « . . i v i i i e e e e e e 19
3.2.4. Firstlarval moltinsidetheegg . . . . . . . . . . . . v « v v v v v + 20
33. Hatching . . . v ¢ ¢ 0« v v e s et e e e e e e e e e P |
3.3.1. Process of hatching . . . . . e e e e e e e e e e e e e e e e 21
33.2. Influenceof hostdiffusates . . . . . . . . . . . . .. ..., 22
34, Thelarvalstagesandtheadults. . . . . . . . . . . . & v v s v v o . 23
3.4.1. Identification of the differentstages . . . . . . . . . . . o0 ... 24
3.42, Morphology of the different stages. . . . . . . . . v v . v v 4 o « o « & 25
31.4.3. Morphometric analysis of a developing population . . . . . . . . .. .. 28
1.5, Influence of temperature on morphology of theadults , . . . . . . .. .. 29
36, DiscUssion. . . . . i . . it e e e e e e e e e e e e e e 33

4, ECOLOGICAL RELATIONS . . . . . & o e e e e e e e e e e e .. 35
41, Movementandfeeding. . . . . . . . . . L . . . ... .0 35
410, Movement., . . . & v v v v e bt e e e ke e e e e e e e e e e e . 35
412, Feeding . . . . . . & & i e e e e e e e e e e e e e e e e e e 40
4.2, Survivalwithouthosts. . . . . . . . . . . . . . v e e 41
4201, 8tarvation . . . . . . L . . e e e e e e e e e e e e e e e e e .. 4l
422 TemperatUre SIIESS . « + « « « & 4 & ¢ 4 « « o v 4 o s o v o o v o o« 45



423, Moisture Stress . . . . . & v & 4 4 v ke h e e e e e e e e e 51
4.3, Influence of the physical environment on development . . . . . . . . . .. 53
4.3.1. Soiltemperature . . . . . « + . 4 o v e e e e e e e e e e e e 54
432, SoilMOIStUIE. . . v & v v e e h e e e e e e e e e e e e e . 58
433, Solltype. . . . . . . . . e e e e e e e e e e e e e e 60
4.4. Influence of the biotic environment on development . . . . . . . . . . .. 63
4401 Hostplants . . . . . . . . . . . 0 i o e e e e e e e s 65
4.4.2, Quantityand qualityoffood . . . . . . . . . . . . . . ..o oL 69
443, Populationdensity . . . . . . . . . 00 b v e 0 e e e e e e e 78
444, Predationbymicre-arthropods . . . . . . . . . . . . .. 00, 98
4.4.5. Other predators, parasites and diseases. . . . . . . . . . . . . . . . . . 104
45 Discussion. ., . . . . . . L . . e e e e e e e e e e e e e e 104

. THE FIELD POPULATION . . . . . . . .« v« v v v v v vt v e e e e 1tQ
5.1, Occurrenceand density . . . . . . ¢« v v 4 e i e e e e e e e e 110
5.2.  Horizontal and vertical distribution . . . . . . . . .« . ¢ o000 0 114
5.2.1. Horizontal distribution . . . . . . . . . ... ..o oL oL, 114
5.2.2. Vertical distribution . . . . . . e e e e e e e e e e e e 115
5.3. Seasonal fluctuation curve of T dubius and associatesinthe field. , ., . . . . 120
5.4. Popuiation fluctuation under partially controlled conditions. . . . . . , . . 126
55, DISCUSSION. . . . v v v v 4 v e e e e e e e e e e e e e e 132

. HOST RESPONSE. . . . . . . . i i i it i e b et e e s e e s e e a 133
6.1. Damagerecorded inearlierexperiments . . . . . . . . . ... ... .. 133
6.2. Additional inoculationexperiments . . . . . . . . . . .. L ..o .. 135
6.2.1. Singlenematodedosage . . . . . . . . . . . .. . o e e 135
6.2.2. Increasing nematode dosages . . . . . . . . . . . . o . ... o .., 139
6.3, Complexinfestation . . . . . . . . . . . .0 L. e e 140
6.3.1. Nematode-fungus interaction at low inoculum densities. . . . . . . . . . 142
6.3.2. Nematode-fungus interaction at high inoculum densities . . . . . . . . . 144
64, DISCUSSION . . . . 4 0 4 v v e e e e e e e e e e e e e 146
SUMMARY . . . . . . o e s e e e e e e e e e e e e e e 147
SAMENVATTING . . . . . . . i i it e e v e i e e s e e e s e v s e e 148
ACKNOWLEDGEMENTS . . . . . .« o v v ot s o s et m e e e e s e e 149

REFERENCES . . . . . . . o i i i e e e e e e e e e e e o v v s 150



1. GENERAL INTRODUCTION

Tylenchorhynchus dubius (Biitschli, 1873) Filipjev, 1936 is probably the most
abundant phytophagous nematode in lighter soils in the temperate zones of
Europe. lts wide spread and the high density of its population in arable land
and meadows is probably related to the polyphagy of the species and to the
widespread occurrence of cereals, grasses and other suitable hosts. The nemato-
de has occastonally been recorded as a noxious plant parasite from countries in
temperate as well as subtropical zones. It is, however, possible that not all re-
cords concern the same species. The T. dubius used in this study was derived
from a natural population occurring in a field at Wageningen which was identi-
cal with the population from which ALLEN selected his neotype in 1955, Little
has been reported on the biology, population dynamics and host-parasite re-
lationships of T. dubius. This fact, and the widespread occurrence of dense po-
pulations, were the reasons to choose this nematode as the subiect of our study,

1.1 IDENTITY OF THE SPECIES

The genus Tylenchorhynchus was established by CosB in 1913 when he de-
scribed the species T. cylindricus. In 1934 FiLipiEv erected the genus Bitylenchus
for didelphic species previously placed in the genus Tylenchus Bastian, 1865, In
1936 FiLipsev made Birylenchus a synonym of Tylenchorhynchus. ALLEN (1955)
studied Tylenchorhynchus specimens from various localities in the Netherlands,
specimens from the United States Department of Agriculture Collection at
Salt Lake City and from the University of California Collection at Berkeley. He
made a careful review of the genus, added 22 new species to the 12 already de-
scribed, and made an identification key based on females of all 34 species. LooF
collected further data on the genus and extended the key to 44 species.in 1959.
The nematode check-list published by BAKER in 1962 lists 55 species. The key
recorded in a doctor’s thesis by Bagrl at the Aligarh University in 1969 com-
prised 83 species.

According to the species card file available at the Landbouwhogeschool,
Wageningen, the genus Tylenchorhynchus comprised at least 103 described
species by the end of 1969, and 7. dubius was the one described first.

Tylenchus dubius was described by BitscHLi (1873) from a male found
around the roots of Cenraurea cyanus in Germany. His description and figures
did not include sufficient information to allow later workers to identify the
species with certainty. T. Goopgey (1932) described and illustrated males and
females that he believed to be dubius from Winches, St. Albans, England. The
description and figures were clear, but not detailed enough to identify his
dubius, which he indicated as Anguiflulina dubia. When FIL1PIEV (1936) made his
former genus Bitylenchus (1934) a synonym of Tylenchorhynchus, he placed the
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name T. cylindricus Cobb, 1913 in synonymy with T, dubius (Biitschli, 18§73),
which would make the latter species the type of the genus. This, however, was
corrected by ALLEN (1955) in his generic monograph. He compared specimens
from different countries. The most frequently encountered species of T'ylenchor-
hynchus in The Netherlands proved to be one whose males closely resembled
BUTsCHLI’S orginal description and illustrations of dubius. This species was com-
pared with specimens collected from Winches Farm and was found to be the
same species. Since T. Goobey (1932) had obtained the specimens he described
as dubius from this place, ALLEN assumed that Goopty correctly identified his
species as dubius. This species was not present in material collected in the
United States. The specimens described by THORNE (1949) as dubius proved to
be similar in all respects to cylindricus. Since ALLEN'S study T. cylindricus is
therefore again the type species of the genus and the identity of 7. dubius is
clear. ALLEN selected a female as neotype of 7. dubius from a Dutch population.
This specimen is deposited in the University of California Nematode Collection
and topotypes of the same populations are available in the Nematode Collection
of the Landbouwhogeschool, Wageningen, which were used for comparison
with our experimental population.

A full list of the key characters necessary for identification of T. dubius fema-
les, reads as follows:

Nematode (class Nematoda), stylet tylenchid (order Tylenchida), dorsal
oesophageal gland opening close behind stylet knobs (suborder Tylenchina),
precorpus and median bulb of oesophagus well separated (superfamily Tylen-
choidea), females vermiform with oesophageal glands in terminal bulb not
overlapping intestine (Tylenchidae), stylet not very long with three basal knobs,
amphid apertures small, ovaries two and female tail rounded (Tylenchorhynchus),
cuticle with transverse striae only, lateral lines 4, tail with 46-53 striae and
striated terminus, lip region offset with 7 annules {(dubius). Cf, Fig, 5A.,

1.2. BIOLOGICAL DATA

T. dubius is a plant parasite which lives as an ectoparasite on the roots of
higher plants. Figures 1 and 2 give a picture of the way it feeds and thrives. The
nematode has not been found inside roots or other plant tissues. No develop-
ment has been seen unless growing plant roots were available, and the popu-
lation density drops to a very low level in fallow soil without higher plants in
1-2 years. No records are available of successful culture of T. dubius on other
substrates than growing plant roots and it is probably an obligatory parasite of
higher plants,

The nematode appears to be very polyphagous, although the few data
available indicate the host efficiency and susceptibility to damage vary consi-
derably between plants.

T. Goopey (1932) recorded that the nematode often occurred in England
around the roots of grasses when these are in an unhealthy condition. T. dubius
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F1G. 1. T, dubius crowded around and feeding on elongation zone of a root of ryegrass.

was shown to cause considerable damage to English rye-grass (Lolium perenne),
the main meadow grass in the Netherlands, in inoculation experiments with
normally occurring densities (OOSTENBRINK et af, 1963). Ryegrass, oats, rye,
barley, corn, swede, red clover and pea were found to be efficient hosts in
different field experiments (OOSTENBRINK 1959, 1961). KLEUBURG and OOSTEN-
BRINK (1959) found marked quantitative differences in nematode distribution
between various farms and nurseries in the Netherlands. Sandy soils were
characterized by the occurrence of, amongst others, Tylenchoriiynchus dubius,
whereas clay soils contained other species of the genus. OOSTENBRINK ef al.
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Fic. 2. Eggs of T. dubius 1aid between the root hairs at regular distances from a root of rye-
grass.



(1957) showed that the nematicidal plant Tageres patula reduced Pratylenchus
populations in the soil by 90 per cent, whereas T, dubius was reduced to a lesser
extent.

T. dubius was recorded several times from crops and soils in the USSR,
Poland and Eastern Germany, amongst others from soil and roots of alfalfa
crops by TULAGANOV (1949), from soil by BELAEVA (1951), from the rhizosphere
of plants by PAESLER (1956), from soil by DEUBERT (1958), from cultivated soils
by WITKOWSKA (1958) and WiTkowsKI (1958, 1962), from rye soil (DOMURAT &
SANDNER 1960). SKARBILOVIE (1962 a, b) considered T. dubius parasitic with
respect to several cultivated plants in the USSR. Repeated cultivation of corn
and Vicia faba led to population increases of 2-5 times the original density
(SxareiLovig, 1967). T. dubius has been recorded as the cause of growth re-
duction of Gossypium hirsutum and Phaseolus acutifolius under fieid conditions
and in laboratory experiments in the USA by REyNOLDs & Evans (1953). The
species was found associated with roses in India by PRASAD & DasGupta (1964).
ToBAR JIMENEZ (1966) found T, dibius numerous around the roots of declining
carnations in Spain and suspected the nematode to be the cause of the decline.
Kyrou (1969) found T. dubius injurious to potato in pot experiments in England.
It is, however, not sure that all these records refer to the same nematode species.
KLINKENBERG (1963) studied feeding habits under laboratory conditions of
T. dubius on root tips of Trifolium pratense, Trifolium repens, Poa annua and
Lolium perenne. She recorded that T. dubius fed on epidermal cells and root
hairs by injecting saliva into the cell and soon afterwards sucking in the visibly
altered contents. The feeding of this species had no visible effect on attacked cells.

SEINHORST (1959-1962) denied the significance of T.dubius as a parasite of
English ryegrass and white clover on the basis of laboratory experiments.

Seasonal fluctuations in a population of T. dubius and Rotylenchus robustus in
a sandy soil with an annual crop of peas was reported by STEMERDING (1961)
and OOSTENBRINK & STEMERDING (1964), and analysed by QOOSTENBRINK (1966).
The T. dubius population were markedly affected by the pea crop grown, and
fluctuated from about 500 to 3000 nematodes per 100 ml of seil. A survey of
cabbage fields in Poland and corresponding pot experiments showed that the
{requency of occurrence and the reproduction of T. dubius increases as soil pH
decreases (Brzeskl & DowE 1969),

1.3. SCOPE OF THE INVESTIGATIONS

The purpose of this study was to contribute to the knowledge of T.dubius by

studying various aspects concerning:

a. its general biology, notably the life cycle and the morphology and behaviour
of different developmental stages;

b. its population dynamics, notably with respect to some unexplained pheno-
mena noticed by others in previous studies:

c. its host/parasite relationships.
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2. MATERIALS AND METHODS

Most of the work was done in the Diagnostics Department of the Planten-
ziektenkundige Dienst (PD) and the Nematology Department of the Landbouw-
hogeschool (LH). The general working facilities available in these laboratories
are not specified, nor is this the case with the optical, photographical and
cinematographical instruments used. Special materials or methods used inci-
dentally are described with the corresponding experiments. In this chapter
specifications are given of the organisms studied (2.1.}, of the fields, soils and
plants used (2.2.), of the equipment for control of experimental conditions
{2.3.), of the methods for enumeration of nematodes, micro-arthropods and
other organisms (2.4.) and of the evaluation of experimental plants (2.5.).

2.1. NEMATODES, MICRO-ARTHROPODS AND MICROORGANISMS

2.1.1. Nematodes

The nematodes studied or used for the experiments were natural populations
in their original soil, mixed populations extracted from soil, monospecific
populations extracted from soil, or monospecific populations which were
selected from such mixtures and cultured on selected host plants under labora-
tory conditions.

The main species in this study was 7. dubius, but associated species in the main
experimental site were taken into account in census work and were sometimes
included in the experiments. These field populations comprised measurable
populations of T. dubius, Rotylenchus robusius (De Man, 1876) Filipjev, 1936,
Pratylenchus crenatus Loof, 1960, Tylenchus davainei (Bastian, 1865) Filipjev,
1934, Aphelenchus avenae Bastian, 1865, Trichodorus pachydermus Seinhorst,
1954. Mononchus papiliatus Bastian, 1865, and a group of saprozoic nematodes.

T. dubius for experiments were normally taken from a menoculiure pea plot,
or from a monospecific stock of this nematode maintained in pots with soil on
Lolium perenne or on Pisum sativurm at 20°-25°C in a greenhouse. The nema-
todes for inoculation experiments were extracted from the soil by elutriation,
cleaned through cotton-wool filters in water, if necessary stored in water at 5°C,
and at any rate inoculated within 48 hours.

Adults of all nematode species used in the experiments, and developmental
stages of T dubius used for morphometric studies, were fixed and processed into
permanent slides according to the methods described in s'JAcoR & VAN Bezooll-
EN’s manual for practical work in nematology (latest revision 1966). The slides
were deposited in the Landbouwhogeschool Nematode Collection, Wageningen.

2.1.2. Microarthropods
Microarthropods associated with the nematodes were also extracted and
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enumerated from the trial plots, and some of them were cultivated and used for
experiments. They were apterygote insects of the order Collembola, notably the
species Tullbergia krausbaueri (Bdrner, 1901); Onychiurus armatus (Tulberg,
1869), sensu Gisin, 1952 and Isotomodes productus {Axelson, 1907), and mites of
the suborder Mesostigmata, notably Rhodacareus roseus Oudemans s.l. 1902;
Hypoaspis aculeifer (Canestrini, 1883): Lasioseius penicilliger Berlese, 1916;
Histiastoma sp., Alliphis siculus (Oudemans, 1905); Platyseius borealis (Berlese,
1904) and Rhodacarellus sileciacus Willmann, 1936.

The species used in most experiments are Tullbergia krausbaueri, Onychiurus
armatus; Rhodacarus roseus, Hypoaspis aculeifer, Pergamasus runcarelius Berle-
se, 1903 and Lasioseius penicilliger, cultured on artificial media directly ex-
tracted from the soil. Permanent slides of all the species mentioned above are
available at the Plantenzicktenkundige Dienst,

2.1.3. Microorganisms

In some experiments also fungi associated with plant infesting nematodes
were determined as a possible cause of plant disease. Some species were isolated
and cultured on cherry agar and used for inoculation experiments in combina-
tion with T. dubius, e.g. Phoma medicaginis, var. pinodella. Incidentally other
small organisms were included in the observations and experiments.

2.2. FIELDS, SOILS AND PLANTS

2.2.1. Fields

The main experimental site was a monoculture pea plot on the permanent
crop rotation trial in the garden of the Plantenziektenkundige Dienst (PD),
Wageningen. The soil is a sandy loam. The Bedrijfslaboratorium voor Grond-
en Gewasonderzoek, Mariendaal, Oosterbeek, the Netherlands, made an analy-
sis of this and of some other soils used in the different experiments. A ¢rop rota-
tion experiment was started in 1958 and continued until now according to a
standardized scheme in which & annual crops are grown on narrow strips in one
direction every two years, with the same crop strips in the same order grown at
right angles in the other years (OOSTENBRINK 1959). In this way a tangential line
of monoculture plots is formed. The crops are french marigold (Tagetes patula
L.), grass/clover (a standardized mixture known as BG 5), oats (4vena sativa
L), potato (Solanum tuberosum L.) carrot (Daucus carota L.), pea (Pisum sati-
vum L.), beet (Beta vulgaris L.) and fallow (no crop). The monoculture pea plot
was used for regular census and as a source of nematodes. Here Pisum sativum
var, Rovar was sown every year at row distances varying from 15-25 cm.

2.2.2. Soils

For the laboratory experiments soil from the afore-mentioned pea plot or
from other fields was used, depending on the experiment. Specific data will be
given in describing the experiments. All soils were prepared by sieving through a
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5 mum screen. If necessary they were steamsterilized for 1-2 hours at 121°C and
stored in polythene bags to avoid reinfestation. To maintain fertility of the soils
and good growth of the test plants a complete nutrient solution was usually
added, namely STEINERS nutrient solution 188 mg/liter, which comprised N, P, §,
K, Ca, Mg, Mn, B, Zn, H, Mo, Fe and other microelements (STEINER 1961,
1966).

2.2.3. Plants

The main planits used for nematode multiplication as well as for experiments
were English rye-grass {(Lofium perenne L. ‘Perma’ and pea (Pisum sativum L,
‘Rovar’). Without further specification the indication rye grass or pea always
refers to these species and cultivars.

The other crop plants used for host-parasite and nematode population
studies were potato (Solanum tuberosum L. ‘Lekkerlander’), african marigold
(Tagetes erecta L. *Tall Double’), summer wheat (Triticum aestivum), paddy
(Oryza sativa L. ‘Calore’), cotton (Gossypium barbadense 1..), garden bean
(Phaseolus vulgaris 1..), green gram (Phaseolus radiatus L.), sorghum (Sorghum
viulgare Pers. ‘ Dochna®), pearl millet (Pennisetum typhoideum Rich. Millet zango),
{Brassica campestris L. var. rapa), Common plant names used always refer to
the species, varieties or cultivars here, unless indicated otherwise. A number of
other plant species used in a host study is listed under 4.4.1.b. The seeds of the
plants used were wsually obtained from the Afdeling Tropische Plantenteelt,
Landbouwhogeschool, Wageningen.

2.3. EQUIPMENT FOR CONTROLLING EXPERIMENTAL CONDITIONS

The equipment for controlling experimental conditions comprised special
containers for maintaining the experimental organisms under adjustable mois-
ture conditions and various chambers or apparatuses with either fixed or ad-
justable temperature and light, as well as facilities and techniques for steriliza-
tion of containers, soils, plant seeds and nematodes.

2.3.1. Containers

Various containers were chosen or made for the cultivation or observation of
the organisms and plants studied, depending on the experiments. For experi-
ments with soil plastic pots of 250 ml, or rectangular tubes of transparent pers-
pex with a diameter of 4 X 4 cm and a height of 20, 16, 8, 4 or 2 cm were often
used. Also bottles of 100 ml, tubes of 35 ml and glass tubes 2.5 ¢cm in diameter
and 16.5 cm deep were used, as well as bags of 0.25 mm thick polythene of dif-
ferent size. Thin aluminium foils shaped into rectangular containers were used
for nematode locomotion studies. Plastic pipes of 3 em diameter cut into 5 cm
sections were joined with tape to form tube-like structures for studying move-
ment of nematodes. Small penicilline bottles were used for survival studies.
Petri plates of different sizes, perspex blocks with a depression in the centre, and
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FiG. 3. A. Diagram to llustrate one of the technigues used in studying embryonic develop-
ment of the egg. Size 7.5 x 2.6 cm (slide), 2.5 cm? (cover slip) (as seen in the longitudinal
section). B. Diagramatic sketch of the ‘micropot’ used for studying life cycle of T. dubius
through larval stages.

normal slides with water, agar or other transparent media were used for obser-
vation studies. Yery small containers were used for observation of single or very
few nematodes in water or on plantlets (Fig. 3). Culturing of mites took place in
glass vials with a bottom layer of soft charcoal and gypsum. The tubes, trays
and slides used in Killing, fixing and mounting were the same as described in
s’Jacor & BEZOOUEN's practical guide (1966).

2.3.2. Growth chambers and incubators

Experiments were conducted in rooms with different climatic control facili-
ties, including laboratory rooms, glass-houses, Wisconsin tanks, climate cham-
bers and series of thermostats,

a. Laboratory rooms. The laboratory rooms had a fluctuating air tem-
perature. In winter the temperature varied between 20-22°C and in summer
there was a fluctuation from 20-30°C.

b. Glass-houses. The glass-houses used were heated in winter and shaded
in summer. They had partially controlled temperatures which were, however,
not constant because they fluctuated with the environmental temperatures. The
temperatures were registered. Artificial light was provided according to the ap-
parent need of the plants.

c. Wisconsin tanks. A range of Wisconsin tanks with constant soil tem-
peratures of 13°, 16°, 19°, 22°, 25°, and 30°C was available in one of the glass-
house compartments. The tanks were filled with tap water, and metal boxes
with moist sterilized soil were sunk in this water which was heated up to the con-
trolled temperatures indicated above. The soil was used directly or as a support
for plastic or glass containers buried in it. The air temperature varied between
20-25°C in the compartment. Each temperature tank was provided with arti-
ficial light for 16 hours per day.

d. Climate chamber. The climate chamber (113 x 75 x 48 cm) was placed
in the laboratory. This climate chamber maintains a constant temperature and
artificial tube lighting for 12 to 16 hours per day as required for the experimental
plants. Temperature, air moisture and light were automatically controlled.

e. Series thermostat. In a series of small compartments with a cooling
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system on one side and a heating system on the other temperature gradients
could be obtained which ranged from 0° to 60°C. The temperatures showed a
variation of approx. | °C due to temperature changes in the environment ; the tem-
perature steps between successive compartments varied but they were registered.

2.3.3. Facilities and methods for sterilization

Containers, soils and culture media. These could be sterilized by
means of high pressure steam autoclaves 121°C at 15 Ib/in? for 1-2 hours or
for a longer period and lower temperature or a shorter period and higher
temperature. A germ free room with ultraviolet light was available for filling
sterile dishes and tubes with different culture media.

Seedsand nematodes. In several experiments seeds and nematodes had to
be surface sterilized before placing them in culture plates or tubes.

Plant seeds were usually surface sterilized by immersion in 1:1,000 solution of
mercuric chloride for 2-3 minutes, then washing in several changes of sterile
water. Stainless steel instruments such as needles, scalpels, forceps, scissors, etc.,
were dipped in aleohol and flamed before and during use.

Surface sterilization of the nematodes was usually practised by submersion in
a solution of 0.1% malachite green or 1Y, streptomycin or 1:1,000 mercuric
chloride (HgCl,) for one minute and then washing in several changes of sterile
water in watch glasses. Then the nematodes were transferred directly with
sterile needles into the culture medium used in the experiment.

2.4, ENUMERATION OF NEMATODES, MICROARTHROPODS AND
MICROORGANISMS

The census work in the experimental field and the evaluation of many ex-
periments required sampling, extraction and enumeration of nematodes and of
possibly predatory microarthropods, and in some cases of other organisms. The
generally applied techniques are described.

2.4.1. Nematodes

Periodic sampling of the experimental plot was done by taking cores with a
2.5 cm wide, semicircular auger to a depth of 25 cm. Five cores were taken per
sampling date. The core of the soil sample was stripped off by a knife upto the
semicircular edges, each core was cut in five sections of 5 cm length, about 30
grams of soil each, which were kept seperate. The plot was yearly grown with
rows of peas, 15-25 cm apart, during part of the year and then five cores were
taken in the rows as well as between the rows. Core holes were filled with
neighbouring soil and marked by sticks; used spots were avoided for subsequent
samplings. All sections of all cores were extracted separately.

The soil from pots, tubes or other containers was often extracted whole.
Subsamples of 100 ml were taken and extracted when the total amount of soil
was too much.
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The nematodes were extracted shortly after the samples were taken. The ex-
traction was done by elutriation or, for small samples by the cotton wool filter
method; these methods are about 80 9 efficient QosTENBRINK (1960, 1969). Both
methods are based on mechanical separation of nematedes from soil by means
of plenty of water allowing the nematodes by their own activity to pass loose
filters in water so that finally only active nematodes are collected (Fig. 4A).
They become available in a clean suspension of 100 ml about 24 hours after pro-
cessing of the sample. Replicated aliquots of 1, 5 or 10 ml or whole suspensions
were analysed depending on the densities of nematodes.

The nematodes studied were ectoparasitic or free living species, and extraction
of active nematodes from soil according to the methods described was usually
sufficient. In some experiments other methods had to be employed to collect
nematode eggs, nematode cysts, or in the active stages of normally active species
from soil, or to check the presence of endoparasites in plant roots,

2.4.2, Micrearthropods

Samples for microarthropods, mites and collemboles suspected to act as
nematede predators, were taken very close to the nematode samples in the
same plot. Comparative studies could thus be made of prey nematodes and pre-
datory mites and collemboles, Microarthropod samples were obtained in the
same way as for nematodes (2.4.1.), by using the same angur up to 25 cm depth.
Five cores were taken per sampling date. The core of the soil sample, stripped off
by knife up to the semicircular edges was cut with a special nail in five sections of
5 cm each, giving about 30 g of scil per section or unit. It was collected in sepa-
rate sample containers made from iron rings (6.2 cm in diameter and 2.5 em
high fitted with a large sicve 0.2 cm pore) to one side of the ring. Each container
with a sample was transferred without further disturbance of the soil into a
plastic pot (6.8 x 6.6 x 4.5 cm) containing 20 ml of tap water, with the sieve
plate downwards, in such a way that it did not touch the water. The mounted
samples were then placed under two tube lights of 40 Watt each for a week, to
drive the microarthropods down into the water away from the light, forced by
the slow desiccation of the soil which proceeded from the top downwards. This
technique is based on modification of the TULLGREN funne! and is expected to
reach 809, efficiency for the active microarthropods considered here. The ani-
mals reach the water undamaged and float. They were picked up from the
water by means of a bamboo needle and preserved in 609 alcohol for indentifi-
cation; the catch of each sample was counted completely. The method is illus-
trated in Figure 4B and C.

2.4.3. Microorganisms

Of the other small organisms the fungi had to be isolated, cultured, identified,
and used for diagnostic work in some experiments. Infected material was sur-
face-sterilized and incubated on selective culture media, such as cherry agar,
in petri dishes or culture tubes, with repeated inoculation on fresh plates (cf.
AINSWORTH 1961 :245),
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Fic. 4. Essential parts of apparatus used in extraction of nematodes and micro-arthropods
from soil. A. Mounted cottonwool filter for the extraction of active nematodes, from a dirty
suspension, when most of the soil has been removed by decantation or elutriation {cf, QOSTEN-
BRINK, 1954, 1960). B. A tray with auger, nail, knife, empty iron rings with sieves at the
bottom for soil mites extraction and plastic cups for soil samples for nematode extraction.
C. Modified TuLLGreN funnels for the extraction of micro-arthropods from soil.
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2.5. EVALUATION OF PLANT GROWTH

Plant growth was evaluated by the common techniques of measuring, weighing
and counting. The quantities used for the evaluation of plant growth in rela-
tion to nematode attack were usually units or root weight, shoot weight, num-
ber of tillers, height of the plants and colour of roots and shoots. In studying
relations between nematode density and plant growth, fresh weights of the
roots and shoots were usually taken after drying them in cotton cloth or between
the fold of filter papers to remove superficial water from the plant surface. Dry
weights were taken after keeping the plant material at 90°C for 2-3 days.
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3. REPRODUCTION, DEVELOPMENT AND GROWTH

Few plant parasitic or free-living nematodes have been studied to such an
extent that their life cycle, behaviour and significance are fully known. The best
studies made up to now are those on Radopholus similis (vAN WEERDT 1960),
Dityienchus dipsaci (YUKSEL [960), Plectus parietinus a free-living nematode
(MAGGENTT 1961}, Hemicriconemolides chitwoodi (FassuLioTis 1962), Cricone-
moides xenoplax (SESHADRI 1964), Nacobbus serendipiticus (CLARK 1967), Roty-
lenchulus parvus {DAs GUPTA and Raski 1968), Heterodera betulae (RI1GGS,
HirscuManN & HameLeN 1969) and Meloidogyne naasi (SippiQui & TAYLOR
1970).

The study on reproduction, development and growth of T. dubius includes
observations and experiments on mating, the egg stage, development of the
embryo, the first larval molt inside the egg, hatching of the second stage larva,
development and shape of the larval stages and the adults, and morphological
variability of the adults. It inctudes many continuous or intermittant microsco-
pical observations on developing or actively moving specimens in water. Short
observations on developing specimens were made by placing single eggs in a
hanging drop of water on cover slip inverted over the cavity slide. The water
was changed daily and the slides were kept in a dark, moisture chamber placed
in a climate chamber at 20°C (Fig. 3).

A 8 mm colour movie film was made to register several phases. The film is
stored in the Plantenziektenkundige Dienst (PD) files and serves as a reference
item. A number of drawings and photographs were derived from these observa-
tions and this film.

3.1. MATING

3.1.1. Morphological structures .

T. dubius is a bisexual nematode species with females and males both numer-
ous in normal populations. Apart from the differences in reproductive struc-
tures, which include the shape of the tail, there is no extreme sexual dimorphism
as in some other plant nematodes. Both types of adults are slender. Females tend
to be slightly larger than males and there may be other minor differences in shape
(cf. Fig. 5). Intersexes, which occur numerously in some and incidentally in popu-
lations of other species of nematodes were not found in my studies of T, dubius.

T. dubius is a didelphic amphidelphic species, therefore with two ovaria
stretched into opposed directions. The female reproductive tract opens through
a vulva, which appears as a transverse slit on the ventral surface of the nema-
tode at about 54 % distance from the head end. Its position, however, varied in
our stock population from 519 to 57 %, Perpendicularly to the body wall leads
the vagina, & muscular tube, from the vulva to the middle of the body, after
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