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In Memariam

Dr Jan Willem Seinhorst
August 20, 1918 - April 7, 1997

Jan Willem Seinhorst was born a farmer's son in
Ruurlo, Gelderland, on August 20, 1918. Being a
bright child at school, the whole community joined
forces to make it possible for him to further his stud
ies. However, he had to study agriculture instead of
comparative linguistics, which was his favourite sub
ject. As a result he became a nematologist, a fact he
never really regretted. He graduated from the Agricul
tural University Wageningen in 1941, but he was
forced to interrupt his scientific career as continuing
would have meant collaborating with the enemy.

From 1945 until 1950, he worked on his thesis on
Ditylenchus dipsaci at the Agricultural University. In
1949 he was hired as a nematologist at the newly
founded Institute for Plant Protection, at Wagenin
gen. He became head of the Nematology Department
in 1952, a function he held until his retirement ln

1983.
During these years, he made extensive visits to a

large number of countries. The most important ones,
his 'early travels', induded trips to SE Australia in
1954-1955, the USA in 1957 and 1962, Ivory Coast
in 1958, the Scandinavian countries in 1964, and
Eastern Europe (namely Poland) in 1970. Of course,
there were many more trips, mostly to European
countries (UK, Germany, Italy, etc. ), but they are too
numerous to mention here.

He received the title of Doctor Honoris Causa at
the Agricultural University of Sweden (1983) and was
named Honorary Member of the European Society of
Nematologists (1983) and of the Society of Nemato
logists (1984).

He was a member of the editorial committees of
Nemawlogica and Nemawlogia mediterranea. Until his
death, he participated in the Scientific Counsel of the
Istituto di Nematologia Agraria in Bari, Italy.

Dr. Seinhorst was one of the few nematologists who
made a tremendous impact on the science of nemato
logy. His achievements covered large areas of the field,
induding taxonomy, morphology, methodology, and
nematode control. However, his major achievement
was the quantification of nematology with the devel
opment of population dynamics and yield loss re
lationships - in short the building of a framework for
coherent theory development on the interaction of
nematodes and plant growth. He can be hailed as one
of the most prominent nematologists from around the
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world who promoted Nematology from an obscure
branch of biology to an adult science.

Dr. Seinhorst made numerous friends during his
travels, conferences and international meetings on
virus-veetor, root-knot, and cyst nematodes. A
continuous stream of scientists passed through his
laboratory, followed his courses, and enjoyed his hos
pitality. Everybody was always welcome in his home in
Ede and was pampered by his wife Jopie Seinhorst.

Dr. Seinhorst died of heart failure on Monday,
April 7, 1997, around one o'dock in the morning at
his home in Ede, The Netherlands. He had been at
work ail Sunday and Sunday evening on one of the
manuscripts he was preparing for publication. He was
just turning in, after reassuring his wife "1 have
checked ail calculations; they are in order". He was
78 years old.

Those who knew him weil knew that Dr. Seinhorst
never really retired. He just moved his data to his
study at home and continued his research. In fact, the
number of papers he published per year actually
increased after he was freed from the tedious duties
associated with the position of department head. ln
his latter years, he was persuaded by colleagues to use
a computer, a technology he adopted when he was
over 70 years old. He wrote almost more than 140
research papers and book chapters and left ten unfin
ished manuscripts and enough material for twenty
more. There was still a lot of valuable information to
analyse and publish, theories to be improved. He was
in a constant hurry to accomplish these goals. Two
papers were accepted for publication shortly after his
death, one of which is being published in the present
issue of Fundamental and applied Nemawlogy. His
scientific heritage (data and manuscripts) was left to
C.H. Schomaker and T.H. Been at the IPO-DLO,
who will try to complete sorne of his work.

His nematologist colleagues will ail miss him very
much, his friendship, his counsel and the intellectual
conversations on a wide range of topics, which were so
characteristic of him.

from CH. Schomaker & T.H. Been
DLO Research Institutefor Plant Protection

(/DO-DLO), PO. Box 9060,
6700 GW Wageningen, The Netherlands.

433



Jan Willem Seinhorst, or Descartes as a nematologist. A reflection

When going through Seinhorst's most significant
publications and reading the excellent article on the
'Seinhorst Research Programme' (Schomaker &
Been, 1998) published in the present issue, it
becomes evident that the intellectual process of this
nematologist followed closely the principles proposed
by René Descartes in his Discours de la méthode, first
published in 1637, at Leiden, a town not very far from
the Dutch Province of Gelderland where 'Wim'
Seinhorst was born, lived, and died.

To support such a statement, it is necessary to
quote the 'principles' of Descartes, a French philoso
pher who may not be familiar to ail nematologists.
Descartes was the first philosopher to reject the 'argu
ment of authority' that prevailed before him and to
propose a new and logical way of reasoning. In short,
he did not give credit to the assumptions of previous
philosophers - a category which, at the time, included
naturalists - but he only considered what he could
himself apprehend as real or true.

The main principles stated in his Discours de la métho
de pour bien conduire sa raison et chercher la vérité dans
les sciences (transI.: Discourse on the method for
controlling one's reasoning and finding the truth in
sciences) were the following:

First Principle - "Le premier [principe] était de ne
recevoir aucune chose pour vraie que je ne la connusse évi
demment pour telle, c'est-à-dire d'éviter soigneusement la
précipitation et la prévention, et de ne comprendre rien de
plus en mes jugements que ce qui se présenterait si claire
ment et si distinctement à mon espn't que je n'eusse aucune
occasion de le meure en doute" (transI.: The first prin
ciple was to accept nothing as true unless 1 knew it as
such, i.e., to carefully avoid excessive haste and preju
dice, and to include nothing more in my judgments
than what appeared so clearly and so distinctly in my
mind that l would have no reason to question i[).

This means tha[ the observer can only admit as [rue
the things or facts he observes himself and that he
must reject any a priori statement concerning such
observa[Îons. This is in perfect accordance with
Seinhorst's opinion: he considered earlier observa
tions to be subjec[ to reviewirevision, particularly if
they led to insufficienr1y founded theories.

Descartes also wrote: "Je rejetais presque pour faux
tout ce qui n'était pas vraisemblable" (transI.: 1 almost
rejected as false anything that was not plausible). This
parallels Seinhorst's qualification of insufficiently
founded theories as 'fairy tales'.
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Second Princip le - "Le second [principe] est de diviser
chacune des difficultés que j'examinerais en autant de par
celles qu'il serait requis pour les mieux résoudre" (transI.:
The second princip le is to divide each of the difficul
ties 1 would examine in as many parts as were necess
ary to beuer solve them).

This means that the various elements of the prob
lem to be solved must be clearly separated and consider
ed one after the other in a logical sequence. This
could be applied in particular to the works of
Seinhorst concerning methods in nematology. The
aim of Seinhorst's researches was to evaluate [he
impact of nematode parasitism on selected crops in
order to evaluate the cost efficiency of various control
methods. The first difficulty was the lack of precision
of the methods used at that time to ex[rac[ nematodes
from soit or plants, which made the evaluation of
populations very haphazard. Ali of these methods,
perhaps with the exception of the Fenwick can,
resembled cookbook recipes more than reliable lab
oratory procedures. Consequently, Seinhorst devel
oped the elutriator and the mistifier for extracting
nematodes from soil and plant tissues, respectively.
These devices eliminate [he subjective factor and pro
duced reliable resuIrs when series of extraction are
made. Once these methodological problems were
solved, it became possible to evaluate soil and rom
populations of nematodes better and with sufficient
precision, a basic requirement for ail subsequent labo
ra tory or field experiments. Seinhorst also perfected
[he counting tray and, for taxonomy, fixing and
mounting procedures.

Third Principle - "Le troisième [principe] est de
conduire par ordre mes pensées en commençant par les
objets les plus simples et les plus aisés à connaître, pour
monter ensuite comme par degrés jusque à la connaissance
des plus composés" (transI.: The third principle was to
order my thoughts by starting with [he simplest and
easiest to know objects, then to proceed, as by succes
sive steps, toward the knowledge of the most complex
ones).

This is reflected by the logical approach of the
experimental work of Seinhorst. Laboratory obser
vations must precede the pot tests, which are glass
house experiments that themselves precede the
microplots/field trials. The latter type of obser
vations, made in natural sites similar to farmers fields,
can be better understood if their various factors
have been previously observed in selected simpler
laboratory experiments. They also permit to evalu-
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ate me weight of me different factors mat play a
role in me natural process of nematode infestation
in the field.

Fourth and last Principle - ".. faire partoul des
dénombrements si enliers el des revues si générales que je
fusse assuré de ne rien omellre" (transI.: ... to always do
enumerations so complete and reviews so general that
1 would be certain of not omitting anyming).

This means that, at any time during me experimen
tarion, ail of the factors that concur with the results
observed are checked to make sure mat they ail have
been taken into consideration for me interpretation of
these results and me formulation of subsequent the
ories. This is evident in ail of Seinhorst's works, as
explained at length in the article on 'Seinhorst
Research Programme'.

One of me great merits of Seinhorst was that he was
able - due to me accuracy of me experimemal meth
ods he used - to quantify the results and so to propose
mathematical laws for interpretating and predicting
me effects of plant-parasitic nematodes on plant
growm. Seinhorst was a master in mis kind of math
ematics and mis part of his work recalls Descartes'
statement: "Je me plaisais surtout aux mathématiques à
cause de la certitude et de l'évidence de leurs raisonne
ments" (transI.: 1 mostly enjoyed mathematics because
of me certainry and me obviousness of meir lines of
reasoning.)

Co-aumorship in Seinhorst's publications also
recalls another statement of Descartes: "Souvent il ny
a pas tant de perfection dans les ouvrages composés de plu
sieurs pièces el faits de la main de divers maîtres qu'en ceux
auquel un seul a Lravaillé" (transI.: Often, mere is less
perfection in me works composed of several parts,
made by the hand of various masters, man in mose
due to me work of a single person).

The list of Seinhorst's publications (not given here)
includes 129 published articles or book chapters*.
Among mose, only 43 - exactly a third - have been

'" From a temporary list kindly communicated by T.H.
Been and C.K. Shomaker; who are fully acknowledged.
These close colleagues of Seinhorst intend to publish a
complete list, including numerous papers consldered as
'grey' literature.

436

published with one (30), two (11), or mree (2)
co-aumors. This represents a low percentage of
co-aumorship compared to me usual practice in nem
atological publications.

It should be noted that, with me exception of sorne
recent articles written in cooperation with T.H. Been
and C.H. Schomaker, ail of me most significant publi
cations, i.e., those reporting experiments and/or inter
preting me laws of nematode population dynamics or
the relationships between plant and nematodes, have
been written by Seinhorst alone.

In conclusion, it seems evident mat Seinhorst can
be qualified as a Cartesian nematologist. Perhaps, as
he was inclined to me study of philosophy, did he
read me Discours... ; however, many people read philo
sophical works wimout being influenced by mem.
The similarities between Descartes and Seinhorst
could also be interpreted as a convergence between
two thinkers following close, if not similar, intellecrual
processes.
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Summary - We propose the 'Seinhorst Research Program', derived from Seinhorst's empirical phiJosophy. Ali theories of the
'Seinhorst Research Program' are developed by searching for recurring regularities (patterns) in a collection of observations,
named 'the empirical base'. To prevent 'ghost theories from sloppy data', all assumptions underlying the empirical base are
carefully described in theories with respect to methodology and technology, including statistics. The patterns to be recognised
are summarised by mathematical equations, which muSt be connecred with biological processes to bridge the gap between
'normal' language and mathematical language for the description of biological theories. Often, the patterns result from more
than one bioJogical process. If so, the basic patterns are disemangled from one another using a method of pattern analysis. The
procedure is best carried out when only a Iimited number of more or less congruent patterns are involved. Therefore, attention
must be given to the choice of the hierarchic level and the complexity of the investigated system. Investigations proceed from
simple experimental systems to complex natural systems at a hierarchic level that is neither so high that manifesting processes
are very dissimilar nor so low that one runs the risk of describing processes irrelevam for the purpose of the investigation. In
the 'Seinhorst Research Program', this purpose is fin ding methods for improvemem of financial returns of host crops attacked
by plant-parasitic nematodes through calculating risks of nematode population development and subsequem yield reduction.
Pattern analysis yields theories about causes of phenomena observed at the investigated hierarchic level and about properties
of processes at the nearest lower hierarchic level. Predictions at the next higher hierarchic level are made by synthesising several
patterns in (stochastic) simulation models. Synthesis is also applied to compound patterns of processes in simple experimemal
systems, with the objective of explaining complicated patterns in complex systems. © OrstomiElsevier, Paris

Résumé - Le Programme de Recherche Seinhorstien - Nous proposons un " Programme de Recherche Seinhorstien " à
partir de la philosophie empirique de Seinhorst. Toutes les théories de ce program som développées grâce à la recherche de
régularités récurremes (modéles) dans une série d'observations appelée" base empirique ". Pour éviter les" théories fantômes
fondées sur des données flasques", toutes les assertions soutenant cette base empirique som soigneusement décrites en tam
que théories prenant en compte la méthodologie et les techniques, dont les statistiques. Les modéles retenus sont résumés par
des équations mathématiques qui doivem être reliées à des processus biologiques afin de combler le fossé entre les théories
biologiques exprimées dans les langages" normal" et maÙ1ématique. Les modéles se révélem être souvem le résultat de plus
d'un processus biologique. Si c'est le cas, les modèles de base sont démêlés en utilisant une méthode d'analyse des modéles.
Cette procédure est accomplie dans les meilleurs conditions si elle ne concerne qu'un nombre limité de modèles plus ou moins
congruents. L'attention doit donc être portée sur le choix du niveau hiérarchique et de la complexité du système étudié. Les
recherches procèdent à partir de systèmes expérimentaux simples jusqu'à des systémes naturels complexes et ce à un niveau
hiérarchique tel que celui-ci ne soit ni assez élevé pour que les processus révélés ne soient trés dissemblables, ni assez bas pour
ne pas courir le risque de décrire des processus ne correspondant pas au but de la recherche. Dans le " Programme de
Recherche Seinhorstien " ce but est de mettre au point des méthodes permettant une amélioration du rapport financier prove
nam de plantes hôtes attaquées par des nématodes en calculant les risques concernant l'accroissement des populations de
nématodes et de la diminution correspondante des récoltes. L'analyse des modéles conduit à des Ù1éories concernant les causes
des processus au niveau hiérarchique inférieur le plus proche. Les prédictions concernant le niveau hiérarchique supérieur le
plus proche sont réalisées par la synthèse de plusieurs modéles en modèles de simulation stochastique. Cette synthèse est égale
mem appliquée aux modéles complexes de processus dans des systèmes expérimentaux simples, et ce dans le but d'expliquer
les modèles compliqués existant dans les systémes complexes. © OrstomiElsevier, Paris

Keywords: analysis, comprehensive models, empirical base, empirical cycle, empirical philosophy, methodology, nematology,
patterns, research program, stochastics, synÙ1esis.

In this paper, we try to describe Seinhorst's ernpiri
cal philosophy in sorne detail. He has never put his
ideas about this subject into writing, probably because
he considered thern to be part of a classic philosophy
developed and sufficiently described by others. To
sorne extent this rnay be true but, first, not ail inter
pretations of the classical ernpirical philosophy are
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equally satisfactory (Koyré, 1997) and, second, corn
rnents of fellow-nernatologists on his work suggests
that the nature of this philosophy and the way Sein
horst interpreted it in every-day nernatological prac
tice rnight not be quite clear to everybody.

Seinhorst's personal interests (natural sciences, phi
losophy, rnodelling) as weil as his ideas on what
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should be rhe rrue purpose of science played an
imponam l'ole in his work. These ideas began ro rake
shape in his 'underground period' during rhe lasr year
of the Second World War, when he was 26 years old
and had ample opporruniry for reflecrion and srudies
in philosophy, narural sciences, theology, and linguis
rics.

In his personal diary for rhis period, he formulared
his opinions on rhe uirimare purpose of rhe (natural)
sciences: "Nor exrended facrual knowledge, which can
be such a nuisance in ambirious schoolmasrers, bur
rhe deeper undersranding, rhe possibiliry of a view
over an unknown landscape musr be rhe purpose of all
work. Therefore careful examinarion of the work of
rhe grear sciemisrs is also an insrigaring pan of rhe
study" (Personal diary Seinhorsr, March 10, 1945;
rranslared from Durch by the authors). On rhe l'ole of
philosophy in narural sciences he wrore: "1 am more
imeresred in natural sciences than in philosophy. Bur
withour philosophy undersranding is impossible. To
me narural sciences and all rhar consisrs of separare
observations, including arr, is a passion. Philosophy is
a dury, a necessiry and an ambition" (Persona! diary
Seinhorsr, March 12th, 1945).

These considerarions, combined wirh a ser of spe
cial conditions ar the beginning of his career, were ro
become the backbone of his work.

Conditions

Apan from his personal imeresrs, the research
rhemes and rhe empirical philosophy which form pan
and parcel of the 'Seinhorsr Research Program' are
also logical consequences of a number of circum
srances and condirions ar the time of rhe foundation
of this program in the early fifries. Many of rhese con
dirions are srill valid roday. They were described by
Seinhorsr (1996) as follows:

PURPOSE OF RESEARCH - MISSION OF THE IPO

Ar the time of irs foundarion in 1949, the mission of
rhe Research Insriture for Plam Protecrion
(IPO-DLO), commonly known as IPO, was formu
tared as "Finding merhods, by means of sciemific
research on pesrs and diseases in crops, ro improve the
economic returns of these crops". Seinhorsr, respon
sible for the nemarological research ar IPO, inter
prered rhe IPO mission for his discipline as follows:
providing information ro weighr the costs of comrol
againsr its benefirs and find rhe oprimai balance in
individu al cases.

THE TENDER AGE OF NEMATOLOGY AS A QUANTITA
TIVE NATURAL SCIENCE

When Seinhorsr began his research ar IPO, almosr
ail sciemific rools for accomplishing rhe IPO mission
were lacking. This was even rhe case for srem, poraro
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cysr, and beer cysr nemarodes, rhar is, for species thar
were generally considered as harmful ones. There
were no quamirarive merhods for measuring yield
reducrion by nemarade popularions in crops.
Although rhe exisrence of a negative correlarion
berween nemarode density ar rhe rime of planting of a
crop and irs expecred yield was generally accepred, no
marhemarical funcrion was available ro describe this
correlarion accurarely. Yield reducrions by nemarodes
were prevemed by reducing nemarade densiry before
plaming by means of crop rorarion or soil fumigation
and by growing resisranr varieties, bur rhe true effecrs
of rhese comrol measures and the causes of these
effecrs were largely unknown. The lack of knowledge
of quamirative relations berween nemarodes and
plams was closely connecred ra an almosr complete
lack of reliable methods for quamifying numbers of
nemarodes in soil samples and in plam pans.
Although cysrs could be exrracred from the soil wirh
Fenwick's (1940) can, no reliable methods were avail
able ro esrimare numbers of eggs wirhin cysrs.
Free-living nemarades were separared from soil by
Baermann's (1917) funnel, which is only suirable for
small soil sampies, or by Cobb's (1918) sieving and
decaming merhod, both methods of unknown effi
ciency and accuracy (Seinhorsr, 1988).

PREJUDICES AND FANTASlES

The lack of quamitarive knowledge on plantlnema
rode relarions gave ample room for famasies abour
causes of yield reducrion by nemarodes and abour
nemarode control. Even roday rhe situation has not
much improved because of rhe relucrance of mosr
nemarologisrs ro be involved in quantirative research.

ReduClionism

In The Nerherlands, rhis situarion was mainly due
ro rhe fan rhar quamirarive nemarology was nor
included in the educarion of students. Internarional!y,
rhere is a shift of nemarological research ro low hierar
chic levels (e.g., molecular level) and a rendency ro
inrerpret low level results as causes of phenomena ar a
higher level. The same rendency has been observed in
orher narural sciences. In physics, ir was called
'reducrionism' by Lagendijk (1989). Reducrionism
assumes that al! biological processes fol!ow the same
laws and thar al! phenomena can be explained by
studying only rhe building stones ar a low hierarchic
leveJ. True reducrionisrs consider thar the translarion
of generic or molecular informarion ro processes in
space and time, resulting in an adult organism, is
superfluous and they think rhat theories on nema
rode/plant imeracrions and organisation patterns thar
exisr within and berweenthe intermediare hierarchic
levels from low (molecular) ro high (farmer's field) are
irrelevanr. However, new conceprs became manifest
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at higher hierarchic levels. These concepts must be
consistent with those at the lower hierarchic levels,
but they cannot be deduced from them (Kooijman,
1987; Lagendijk, 1989): "More is different" (Ander
son el al., 1988). Just as the question of whether or
not quarks are locked-in is irrelevant ta a brain sur
geon (Lagendijk, 1989), the point of protein-based
similarity dendrograms for pathogens is irrelevant to
breeders and farmers.

Yield reduccion

Seinhorst (l986b) noted most causes attributed to
growth reduction by nematodes in the literature as
"myths and fairytales". He mentioned obstruction of
plant vessels causing wilting (Oostenbrink, 1950),
withdrawal of nutrients, mechanical damage to root
tissue resulting in a hampered uptake of water and
minerais, and decreased shoot-root ratio causing
insufficient minerai uptake (Trudgill et al., 1975a,b,c;
Evans el al., 1975; Trudgill, 1980; Trudgill & Cotes,
1983).

Control measures

Beliefs and ideals on the ultimate solution for nema
tode problems range from frequent applications of
both fumigant and non-fumigant nematicides (Mul
der, 1979; Mulder el al., 1979) - which were wrongly
supposed to have favourable costlbenefit ratios -, to
the use of late-maturing potato cultivars (Trudgill et
al., 1990; Haverkort et al., 1992) - which were
wrongly presumed to be more tolerant than early cul
tivars - and to a balanced bio-diverse (agro)-ecosys
tem - which was supposed to suppress harmful
organisms (Sikora, 1992). The true nature - structural
or functional - of such an equilibrium, or homeostasis,
in which many biologists tend to believe, is still con
troversial. As 'normal' ecosystems are characterised
by large structural fluctuations, there seems to be
more reasons ta believe in a functional - with respect
to food chains - homeostasis (Odum & Biever, 1984)
than in a structural one - with respect ta numbers of
species - (Rosenzweig & McArthur, 1963). However,
the hypothesis of homeostasis is basically disputable
because reliable quantitative methods, based on iden
tification and distribution patterns of ail relevant
organisms, ta describe 'biodiversity' or 'equilibrated'
ecosystems are conspicuous by their absence.

Research themes

Because of these conditions, which to sorne extent
still persist nowadays (especially for Meloidogyne,
Pratylenchus, and TrichocWrus species), the 'Seinhorst
Research Program' on plant-parasitic nematodes con
sisted of the following four themes (Seinhorst, 1996):

Vol. 21, no. 5 - 1998

The Seinhorsl Research Program

METHODOLOGY

Methods for the estimation of numbers of the vari
ous nematode species in plant and soil samples and
other experimental methods, with known accuracy,
both for research and extension purposes, including:

• Methods for extraction of nematades from plant
and soil samples with known efficiency.

• Identification methods, including fixation tech
niques and microscopy.

• Nematade distribution patterns at different scales,
varying from centimetres to several metres in farmers'
fields.

• Methods ta identify and quantify sources of vari
ance.

YIELD REDUCTION

General relation between nematode densities at the
rime of planting and relative yield (yield of plants with
nematodes as a proportion of yield in absence of
nematodes, ail other conditions being identical).

POPULATION DYNAMICS

General relation between nematode densities in soil
or plant samples at successive observation dates dur
ing the vegetation period of the host plants (for
instance at planting and at any time afterwards, such
as after ripening of the plants). This relation must
take into account the degree of plant growth reduc
tion by the nematodes.

CONTROL MEASURES

Relations between control measures (nematicides,
biological control, resistant cultivars, crop rotation)
and nematode population dynamics and crop growth.

A proper integration of control measures and farm
ers' practices requires integration of ail relations in an
operational model, which implies that they must be
available as mathematical equations. The model must
predict, within adequate and specified limits, the con
sequences of control measures against nematodes in
an individual field. These control measures must be
taken, at the latest, at the time of planting of the host
crop ta be protected, but generally much earlier. Such
a requirement makes inclusion in the model of most
external conditions du ring crop growth useless.
Therefore, deterministic models with their high
dependence on external conditions can at best predict
average effects in large areas. They are unfit ta predict
nematalogical phenomena and their consequences on
an individual farmer's field. As a consequence, Sein
horst chose ta develop stochastic equations with few
parameters, the distribution functions of the latter ta
be estimated by detailed research.
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Empirical philosophy

To exclude as far as possible preconceived ideas and
biased conclusions on causes of nematological phe
nomena, both from the literature and from sloppy
empirical methods, and ta make ail nematological
equations and theories consistent, including those
influencing the empirical base, such as methodology,
technology, chemistry, mathematics, and statistics,
Seinhorst applied the Newtonian empirical philoso
phy, excellently described by Cohen and Westfall
(1995), in a consistent manner. According to this phi
losophy, complex natural (here nematological) situa
tions are reduced to mathematical simplicity by
studying the properties of a mathematical analogue.
The methods of analysis and synthesis are applied in
the order described by Newton, the former always
preceding the latter, to be sure that relevant princip les
are assumed. "Analysis proceeds from effects to their
causes and from particular causes to more general
ones, guided by mathematical properties of recurring
regularities (patterns). Synthesis consists in explaining

Glossary

phenomena from their discovered causes, which are
then regarded as principles, thus confirming the
explanations" (Newton interpreted by Cohen, 1995).
The philosophy further includes correspondence rules
to link the results of mathematical analysis to nemato
logical theories in 'normal' language. These rules are:
1) the mathematical analogue should describe biologi
cal processes; il) the variables and parameters in the
mathematical analogue should have clear nematologi
cal interpretations.

We shall use the empirical cycle as a mode! to clarify
each and every step during investigation in the 'Sein
horst Research Program' and to reveal ail external
theories used. In some respects, the present empirical
cycle differs from those described by others, for
instance by Zadoks (1978) or by Campbell and Mad
den (1990). The reasons why will be explained.

To avoid confusion, sorne terms used in this paper,
such as hypothesis, theory, model, accuracy, preci
sion, etc., that do not have an unequivoca1 meanmg
for ail scientists, are explained in a Glossary.
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Accuracy

Analysis

Anomaly

Deduction

Deterministic model

Empirical base

Empirical cycle

Empirical
philosophy

FalSIfication

Hierarchie levels

Hypothesis

The closeness of a sample estimate to its true value.

"... consists in making experiments and observations and in drawing
general conclusions from them by induction, and admitting of no objec
tions against conclusions, but such as are taken from experiments and
other certain truths. For hypothesis are not to be regarded in experi
mental philosophy." Analysis enables us to "proceed from effects to their
causes" (Newton in Querie 31 of the Opticks, as interpreted by Cohen,
1995).

A manifest phenomenon in a system that is not explained by the theory
with respect to that system.

Inference - on1y by logical rules - of hypotheses or new theories from
fundamenta1 theories.

Model in which paramerers are considered to be true constants.

Collection of observations that are free from theories, except methodo
logical theories.

Reconstruction of working methods in observations and theory building
in science.

Philosophy with respect to scientific working methods, especially those
with respect to observations and theory building.

Elimination of theories or parts of theories that are contradicted by
recurring patterns in the empirical base.

Order in the organisation of a system from low (molecule) to high (eco
system).

General statement about causes attributed to phenomena, insufficiently
supported by a model.
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Glossary (cont.)

Induction

Model

Parameter

Pattern

Philosophy

Precision

Process

Reductionism

Research program

SlOchaslic model

Symhesis

System

Theory
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Way of reasoning that derives general causes of phenomena from recur
ring regularities in an empirical base.

Empirical base, pattern, theory, and a set of rules to connect them
murually.

Biologically relevant quantity in an equation that determines its out
come over a certain range of values of the independent variable.

Regularity, recurring in the empirical base about narural phenomena
manifest in a certain system, from which causes are induced by mathe
matical analysis and predictions about future phenomena in that same
system are deduced. Mathematical analogue of a theory.

In this paper philosophy is used as described by Wittgenstein (1918) in
his Tractatus 4.112.

"The purpose of philosophy is the logic clarification of thoughts. Philos
ophy is not a science but an occupation.

A philosophical work consists basically of elucidations.

The results of philosophy do not consist of 'philosophical propositions'
but of clarification of propositions. Philosophy should clarify and
demarcate thoughts that otherwise would be trou bled and vague."

(This choice of definition does not imply that in our opinion there is no
justification for philosophy as a science. S & B).

The repeatability or variability of a sampie estimate.

Spatial and/or temporal changes in phenomena.

The concept that phenomena at any hierarchic level can be explained by
studying the phenomena at the lowest level.

Lakatos (1978): A set of logical coherent theories named after its
founder and used to explain natural phenomena. The theories consist of
methodological and fundamental theories and new theories. Falsifica
tion of theories in case of anomalies is done only if it brings scientific
progress. Apart from the theories, the program also includes:

• An empirical philosophy
• Methodology (methods and instruments)
• Directions for further development of the program. New theories must
be logical consistent with the fundamental theories that represent the
core of the research program.

Model in which parameters are considered to vary under influence of
changing known and unknown environmental facwrs.

or 'composition' " .. consists in assuming the causes discO'vered and eswb
lished as principles) and by them explaining the phenomena proceeding from
them) and proving the explanations." (Newton in query 31 of the Optics,
as interpreted by Cohen, 1995).

Specific surroundings in which observations are made. These surround
ings can vary from simple (experimental systems) to complex (natural
systems).

General pronouncements (in 'normal' language) about causes of phe
nomena in a certain system, sufficiently supported by a mode!, from
which future phenomena in that same system are predicted. Natural
analogue of a pattern.
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Ernpirical cycle

The empirical cycle (Fig. 1) is divided into four
empirical sub-cydes, covering the following subjects:

• Methodological models.
• Fundamental models.

• Compound models .
• Models of causes.
At the beginning of a new investigation, when

hardly any quantitative information is available, the
sequence indicated above is followed, the develop
ment of methodological theories with respect to

___--------------guided seArch--------------~

___------------,confirmJthon ------------~

Compound
theories

Compound
patterns

AnAlysis ---

syn'hcsis

s)'nthesis---+

confinrtJlrion --

1

i----prediction.~

StHtistics

biol. processes-

tntnSIAtion

Empirical
base

prediction

comparisoo

confinnMtion

guided SC Arch

~SYDthcsis--

!------guidc d sea rch

translAtion

1

Patterns

1
Allalysis

/..-biOI. proccsscs-

1
'"--" is ua liza lion

'-----prediction -----~

Theories of
causes

1
visualwtioD

-tcchnology~
-nat.scicnces-.j prediction

AOAlysis

Methodological
patterns

'ntnSIAtion comparisoD

Methodological
theories

Fig. 1. Model of lhe empirical cycle of lhe 'SeinhorSI Research Program', divided in four empirieal sub-cycles. Pauerns and lheories are
placed in dijferem box lypes for each sub-cycle, as indicaœd below.
Crey rectangle: Melhodological models; W'hiœ rectangle: Fundamemal nemalOlogical models; \\?hile and black rectangles Supet'posed:
Compound nemalOlogical models; Whir.e and grey rectangle superposed: Models of causes; Empirical base: Ali sub-cycles originar.e from
and relurn 10 lhe empirical base. • -7 Imporr.ed eXlernal informalion (slalislus, biological processes elc.); --> l'rocesses leading from one
(imermediale) resull 10 anolher (ana/ysis, symhesis, ele.)
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nematological observations preceding that of funda
mental nematological theories and theories deduced
from these fundamental theories. Later on, the theo
ries in the cycles are considered as jigsaw puzzles.
Whenever a piece becomes available, often because of
research-questions on agricultural problems, some
times by coincidence, it is fitted in. When a pattern
appears in the puzzle, it can be used in three ways,
first to improve calculations on risks of unwanted phe
nomena in farmers' fields, second to discover the
causes (at a lower hierarchic level) to these pheno
mena, guided by the newly discovered properties of
these causes, and third to develop new ways of control
(prevention or counteraction) based on these causes,
for instance by manipulating plant properties through
biotechnology programs.

New nematological theories can only be derived
from fundamental nematological theories and their
mathematical analogues. In ail sub-cycles, the follow
ing steps are taken from observation to theory and
back.

EMPIRICAL BASE (OBSERVATIONS)

Assumptions

Ali empirical knowledge goes ultimately back to an
empirical base, with records of details of experiments
and observations. As this base serves as an impartial
arbiter in accepting or rejecting theories, it should be
independent of these theories. The requirement of
independence also applies to the observation lan
guage. Thus, replacement of one theory by another
would be of no consequence for the observation ter
minology or the truth of the basic conclusions (I<.on
ingsveld, 1976). It may be feasible to make
observations not loaded with nematological theories,
but it is impossible to perform theory-free observa
tions when theories from other disciplines are needed
to do any observations at ail. Examples are physical or
statistical theories needed if microscopy or counting
problems play a role in the observations and in the
basic conclusions drawn from them. Generally speak
ing, ail methods and measuring instruments used to
obtain the facts on which theories are to be based con
tain meir own theories and assumptions mat will
influence the conclusions from observations if these
meories should be changed (Popper, 1968). To han
die these biases as carefully as possible, ail necessary
'external' theories are formulated in a separate meth
odological empirical sub-cycle (Fig. 1) and are care
fully checked for their consistency with fundamental
nematological theories during the progress of me
research process. Observations from the literature,
either on methodology or nematology, are handled in
the same way. Nematological observations are added
to the empirical base only when me theories underly
ing the methods are recognised as fundamental in
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their own disciplines and are consistent with the fun
damental nematological meories. If not, me observa
tions cannot be used in the research program
discussed here.

The requirement of 'theory-free' observations does
not mean mat nematological meories cannot be used
tO decide which observations are relevant and which
are not (I<.oningsveld, 1976). For instance, when
nematode/plant relations are studied, one can decide
to make observations at a specific range of nematode
densities because one knows from me meories mat
these are relevant to me pattern. In such a case, a
nematological meory is used to do observations that
will remain valid if the nematological theory should be
changed.

Systems studied

In the 'Seinhorst Research Program', the investiga
tions proceed, in general, from simple experimental
systems (pot experiments) to complex natural systems
(farmer's fields) so that ail fundamental processes can
be identified wimout being masked by each other or
by secondary effects. Patterns found in simplified
experimental systems are compared wim those in
natural systems (individual farmers' fields) to find out
whether the experimental system has the necessary
level of complexiry to attribute causes, judged as suffi
cient and true to explain effects in me experimental
system, to effects in the natural system. The hierar
chic level at which the investigations begin is chosen
so that ail manifest processes at that level are relevant
to predictions at the chosen explanatory level (farm
ers' fields), without ignoring essential patterns in the
relations between the hierarchic levels. The investiga
tions proceed from higher to lower hierarchic levels to
answer further questions with respect to the causes of
phenomena that appear at me explanatory level.
Example 1 illustrates this procedure for Seinhorst's
theory on growth reduction by nematodes.

PAITERNS

Sawyer (1955) defines patterns as any kind of regu
larities that can be recognised by the mind. Sawyer's
thesis "A recurring pattern is significant" is adopted in
the 'Seinhorst Research Program'. It is therefore
assumed that a repeatedly manifesting pattern always
has a (here biological) meaning which should be
investigated. The significance of the pattern needs no
other proof than its recurrence and its biological
meaning. The ultimate aim of pattern analysis is two
fold:

• Recognition and identification of the biological
process(es) that belong to the pattern(s) found. The
number of biological processes is higher than the
number of patterns. So, the same pattern can be
attributed to several biological processes. Therefore,
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Example 1. "Growth reduction"

Yield reductions at small and medium nematode densities are caused by a constant reduction
of plant growth, desynchronising plants with and without nematodes (Seinhorst, 1986b).
From Seinhorst's fundamental theory it can be deduced that this phenomenon can be
involved only if nematodes affect growth for a short period (at most 24 hours). Questions
about the physiological or biochemical mechanisms involved must be investigated at a lower
hierarchic level.

the connection of a biological process with a pattern is
also dictated by the nature of the investigated subject.

• Mathematical description of the pattern with
minimum differences between observation and
theory, in such a manner that variables and para
meters have clear biological interpretations.

Visualisation

To trace and recognise regularities in the empirical
base in the form of mathematicaJ patterns, the results
of observations are visualised graphically, mostly in
two-dimensional graphs, but sometimes in three
dimensional graphs when patterns behind patterns are
important to attribute causes to phenomena. For
instance, this was the case in Seinhorst's relation
between relative yield and pre-plant nematode density
P (Example 2).

Recurring aberrations from the expected pattern in
an empirical base, for instance non-monotonic change
in the pattern for population dynamics (Example 3;
Fig. 3) or in dose-response relations (Example 7;
Fig. 5), or discontinuities often indicate that more
than one process became manifest.

Biological processes

ln the 'Seinhorst Research Program', patterns are
condensed into one or more mathematical equations
describing biological processes. The equation param
eters must have clear biological meanings so that the
ory building (transfer of mathematical properties to
nematological theories formulated in normal language
and vice versa) is possible. The number of parameters
in these equations is as small as possible but sufficient
ta explain the effects of the full range of the indepen
dent variable under investigation. "As a rule, no more
causes of effects are admitted than is sufficient for
their explanation and the same causes are assigned, as
far as possible, to the same effects" (Newton inter
preted by Cohen, 1995).

To recognise and describe patterns in the empirical
base under investigation, one must be familiar with
the mathematical patterns belonging to the biological
processes discovered up to now and with ail underly
ing assumptions. Pattern analysis opens the possibility
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to trace biological processes that have not yet been
described .

StatiSlics

In the 'Seinhorst Research Program' statistical
methods are developed with the same caution as
nematological theories, but nematological theories
always come ti.rst, before statistics. Statistical theories
hardly ever used d uring pattern analysis as they usu
ally demand drastic additional assumptions, which,
later, when more data are available, are often found to
be conflicting with the observations. Moreover, infor
mation from the usual regression analysis, such as the
amoum of variance explained or the confidence inter
vals of parameters, is irrelevant for the explanation of
biological patterns.

The aims for pattern analysis in the 'Seinhorst
Research Program' do not comply with the common
practice of many biologists and nematologists who
only try to find the best fitting equation by assuming
that the higher the value for R2, the better the equation
describes the relationship. Sorne nematologists, e.g.,
Eiston et al. (1991) and Mulder (1994), even apply
this procedure without any restriction to field data on
relationships between nematode density P and yield
obtained with unknown, but non-constant (as sample
sizes were small and not adjusted ta nematade density)
estimation errors on both the abscissa and the ordi
nate, with no observations at P =0, and with variables
other than nematode density determining yield. Such
use degenerates statistics into a ritual (Slob, 1986)
instead of a purposeful occupation to develop theories
about sources of variation that are consistent with the
other (biological and methodoJogical) theories. These
statistical theories are mostly developed at the later
stages of theory building, when the empirical base is
sufficient to determine the distributions' functions of
variables and parameters for both the experimental
and the natural systems. A recent statistical theory,
consistent with nematological theory, is that for infes
tation foci (Schomaker & Been, unpubl.).

The following quotations of Seinhorst in 'Com
ments to comments of referees' or in letters to col
leagues illustrate the misunderstandings occurring
between nematologists with very different opinions on
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,----- --,-- -~70

the 'Principia' is, deriving the weight of the sun, the
moon and the planets from what can be seen by sim
ply looking at the sky at night, a simple hypothesis,
based on nothing and a lot of mathematics."

Most patterns in biology, induding nematology, are
non-linear, as dictated by the nature of the investi
gated subject. Best tits are found by least square cal
culations of ail observations, using numerical trial and
error, which is most easily - but not necessarily - done
by computer, especially when compound effects are
involved. Commercial computer programs for numer
ical analysis must be regarded with sorne mis trust
because of their ability to produce nonsense estimates
in the case of wrong starting values, unsuitable step
values, a too small number of iterations or wrong
additional assumptions, for instance about the nature
and the constancy of variance.

In Example 4, the mathematical analogue of Sein
horst's theory on growth red uction of plants attacked
by small and medium densities of nematodes is sum
marised. The theory is more fully described by Sein
horst (1986b) and Schomaker el al. (1995). It can be
transcribed in 'normal' language because the corre
spondence rules required in the 'Seinhorst Research
Program' are obeyed.

COMPOUNDS PATTERNS

Often, a pattern cannot be explained by a single
process but only by a combination of two or more
processes. In such a case, analysis of the pattern
makes it possible to split it into separate patterns, each
belonging to separa te biological processes. Then, pat
terns are regrouped by synthesis and compared with
patterns from new observations. The choice of the
hierarchical level at which observations are made is
crucial for the success of this procedure of alternate
analysis and synthesis. It should not be too high,
because manifest but overlapping processes would
become too numerous and too different from each
other to be separated. Nor should it be too low, as
then one is at risk to describe biological processes that
are irrelevant for the purpose of the investigation. The
analysis and synthesis of compound comprehensive
models on population dynamics, hatching processes,
and dose-response relations into separate processes is
illustrated in Examples 5, 6, and 7. Full descriptions
of these models are given by Seinhorst (1993), Scho
maker and Been (1998), and Been and Schomaker
(unpubl.).

In the methodological empirical sub-cyde, alternate
analysis and synthesis are also applied to compound
variance from different sources to make more efficient
experimental schemes or practical tests for resistance
and tolerance (getting more information from less
work) or to choose tests wim an optimal costluncer
tainty ratio for extension purposes. In the latter case,

7 20 SS 148 403

Population deosltyc
8 9

Time

o 2 J

9

Population denslty
A

70 70

60 60

SO SO

~ 40 ~ 40
:!o
:; JO :; JO

20 20

10 10

B

Fig. 2. Surface plots of the three-dimensional model showing the
relation between roral weight, y, of annual plants and relative
nemarode densiry, PIT, as cross sections ar right angles with the
time axis, t, of growth functions of plants at different nemalOde
densities Y(rpt) and without nematodes, Y(ro,t). A: At 23Cf' ro
tation, which shows the relation beween (Y,PIT) and (Y,t); B:
At 00 rotation, which shows the relation between Y and t at dif
ferenr relative nematode densities PIT; C: At 27Cf' rotation,
which shows the relarion between Y and relative population den
siry PIT. (Al! rotations are clockwise. The growth rates of plants
of the same weight without nemalOdes (rc) and at nemalOde den
sities P (rp) are relared by Equation 3. rpro = k + (1-k).:l'-T
for P > T).

the purpose of statistics: "Models cannot be derived
from the data with the help of statistical methods. A
straightforward multiple linear regression analysis
would almost certainly have led us astray by tinding a
chaotic set of slopes and would at best tell us that the
treatments had one or perhaps two ... effects, which of
course is apparent without formai statistical analysis"
and "If science would have proceeded as he [the ref
eree, ta king pattern analysis for speculation. S & B]
seems to suggest it should, it would have stopped
developing before Newton. If anything is 'speculative'
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Example 2. "Growth reduction"

Seinhorst (1998) gives the relations in pot and micro-plot experiments between PIT of various
nematode species and y' = (y-m)/(1-m) where y and m are the relative dry weights of different
hosts at PIT> 1 and PIT =00, respectively, several months after planting. T is the highest den
sity that causes no noticeable yield reduction. The relation between PIT and y' is in close
accordance with

y' =O.9S P/T-l (1)

in ail 36 experiments but this equation does not describe an underlying process. The cause of
reduction in plant weights by nematodes - a constant growth retardation ("the same happens
later", Seinhorst 1986b) - is revealed only when these relations are represented as cross sec
tions at right angles with the time axis of growth functions of plants at different nematode den
sities P (Fig. 2).

Example 3. "Population dynamics"

The pattern belonging to Seinhorst's extended population dynamic model for nematodes with
one generation per vegetation period (Pr) is visualised in Fig. 3. The non-monotonie change in
its pattern indicates that we are dealing with a compound pattern, the result of two or more
underlying patterns. The relevant questions at this stage are: "How many patterns can be dis
tinguished?" and "To which processes are they referring?" These questions can only be
answered properly by a mathema tical analysis of the pattern.

the financial consequences of the uncertainty in pre
dictions by a test, due to a certain amount of variance,

Fig. 3. The compound model PI, represented by rhe hea-vy line,
for popularion dynamics of rylenchid nemawdes wirh one gener
ation per growing season. Ir comisrs offour non-tinear equations.
Three of rhem, .Pf', 0Yh and DYe' are mulclplual1ve and one,
JJ..Pf', is addirive. 0Yh and OYe represent fraclions; ePf' and
JJ..Pf' eggs per gram of soil (e/g).

PATTERNS Tü CAUSES

Fundamental nematological patterns make it possi
ble to derive the properties of processes at a lower
hierarchic level. These properties can be used to trace
these processes and the patterns belonging to them.
This type of research has never been done at IPO, but
we are planning to change that. Elsewhere in this
paper, under 'Causes at low hierarchic levels' in

are weighted against the costs of the test to find the
optimum.

Examples of the use of compound pattern analysis
to identify and quantif)r sources of variance using
parametric statistics (not to be confused with ANOVA
or Multivariate Analysis) are presented in a posthu
mous paper by Seinhorst el al. (unpubl.) on tests for
partial resistance to potato cultivars for potato cyst
nematodes and in a paper by Been and Schomaker
(unpubl.) on effects of pesticides on hatching behav
iour of potato cyst nematodes.

Another possible use of compound patterns (and
theories) are simulation models that synthesize several
fundamental (simplified) patterns at a given hierar
chic level into a comprehensive model generating
predictions and new theories about relevant nemato
10gicaJ scenarios at the same and higher hierarchic lev
els. An instance of a stochastic simulation model for
advisory purposes is described in Example 8.
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Exarnple 4. Il Growth reduction"

The mathematical analogue of Seinhorst's theory on growth of plants affected by
small and medium nematode densities (Seinhorst, 1986b; Schomaker et al., 1995)
shows that:

(2)
(3)

(5)

(4)

for Yo = Yp

for P >T
for P ~ Tand
for P ----> 00

g

e/g

day

g/day

g/day

Yp

k
T

rp

z

y

for P>T
for P ~ Tand
for P ----> 00

and z have a clear biological meaning.
weight of whole plants or parts of
plants without nematodes.
weight of whole plants or parts of
plants at nematode density P
relative plant weight YplYo
time needed for plants respectively
without and with nematodes to reach
the same weight Y
relative growth rate
minimum relative plant weight.
minimum relative growth rate.
largest nematode density not affect
ing the relative growth rate and rela
tive plant weight
growth rate of plants at nematode
density P
growth rate of plants without nema
todes
the degree to which plants can pre
vent growth and weight reduction by
nematodes.

Equation (3) describes the relevant nematological process at play when nema
todes compete for effect on plant growth.

=to/tp
=k + (l-k}.zP-T

=1
=k

zT =0.95
As a consequence

y =m + (l-m).0.95 P1T-1

=1
=m

The parameters m, k, T, rp; rp

Yo g

'Future Research' and in Examples 1 and 9, sugges
tions are given about research proposaIs to this effect.

THEORIES

Pattern translation

In many biological srudies, the stage of theory
building is never reached because the conditions (see
PATTERNS) enabling translation of the mathemati
cal equations into a theory in 'normal language' are
not fulfilled. General conclusions from the observa-

tions are then reduced to reports of alternative 'facts'
that usually are evaluated statistically in Ho vs Hl tests
(Zadoks, 1978). Campbell and Madden (1990) cali
these types of models 'correlative models' which, con
trary to 'explanatory models', give no information on
the causes of phenomena (Fig. 6). In explanatory
models, the phenomena are deduced from a theory or
concept, which appears out of nowhere or comes - in
an unspecified manner - from the descriptive mode!.
The main objection against the working method pro
posed by Campbell and Madden (1990) is that it
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Fig. 4. Compound hacching curves offield populacions of nema
codes, consiscing of cwo (field A) and chree (fieM C) superimposed
hacching curves. Original data (<», overail fic co a log-logiscic
equacion using ail daca, fic of separace curves and a compound fic
using cwo and chree log-logiscic equacions, respeccively.

leaves roo much room for preconceived ideas, which,
if the model contains many parameters, can exp!ain
observation satisfacrorily in hindsight (by adjusting
the parameters), but need nOt be true and sufficient
causes of the phenomena. Descriptive models have
the disadvantage that - although sorne facts may
become plausible - they hardly contribute ro theory
building as causes of the observed phenomena are not
revealed. Unfonunately they have found a widespread
use in the 'Deterministic Dynamic Simulation
Models', at the cost of theory-building. Seinhorst
wrote about this subject: "They confuse dynamic
models with ad hoc equations for statistical operations,
thus reducing scientific work ro plain fact reponing,
not understanding that 'a fact without a theory is a
ship without a sail' ".

Time (days)

100 1000

Fig. 5. Dosage/response relations for che (z)-isomer of
1,3-duhloropropene, expressed in numbers of nemacodes. The
number of hacched nemacodes F(CT) is explained as a produCl
of hacehable nemacodes H (CT) and surviving nemacodes
S(CT), boch dependenc on dosage CT. There were 1000 (D)
nemacodes per hacching cup in che cest. The symbols (JiJ..) wich
bars indicace che averages of five x five observations (excepc for
CT = 0 wich cen x five replicacions) wich scandard errors.

The correspondence rules in the 'Seinhorst Research
Program' make it possible ro transfer the conclusions
from the mathematical analogue ro the corresponding
'natural' analogue in 'normal' language. Here, 'normal'
means that the language is understandable and useful
for those who are not involved in the 'Seinhorst
Research Program'. Therefore, jargon and technical
terms are avoided as much as possible. Iftechnica! terms
are inevitable, they are explained in 'normal' language.

In Examples 9 and 10, Seinhorst's theories on
growth reduction of annual crops attacked by nema
rodes and on population dynamics of nemarodes with
one generation per year (for instance Globodera ros
lOchiensis, G. pallida, Heterodera avenae, H. schachtii,
Meloidogyne naaSl) are summarised. For more details,
the reader is referred 10 Seinhorst (1986a, b, 1993,
1998) and Schomaker el al. (1995).

Comparison

The correspondence rules in the 'Seinhorst Research
Program' make it possible to compare new and CUITent
theories. Patterns from simple experimental systems
are compared with patterns from more complex sys
tems, and the theories on causes of effects are com
pared in both systems.

Falsification

These comparisons usually give rise ro extensions
and/or modifications of the original theory. Not every
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Example 5. "Population dynamics"

The pattern for population dynamics of potato cyst nematodes in a complex system (the field)
is a compound one. Ir could be disentengled into four non-linear patterns only after three of
these patterns were identified separately in simple experimental systems (plastic containers
where plant roots were allowed to occupy the same space as under field conditions). This was
done by repeated comparisons of the population dynamic patterns in complex and simple sys
tems. These four patterns are:

1. The relation berween Pi) the density of potato cyst nematodes at planting, and Pi at har
vest, (the number of cysts produced per unit haulm weight times the maximum number of
eggs per cyst). Ir describes the way nematodes compete for a feeding site in the roots.

Pi MX(l - e- cx) (6)

a maximum multiplication rate

M maximum number of eggs per gram of soil

2. The relation between Pi and the relative number of eggs per cyst CYe), describing the way the
feeding cells are damaged by the penetration oflarge numbers of nematodes.

Ye = me + (l-me) X ü.9Y forPi >~ (7)

y

Ye

(8)

relative minimum number of eggs per cYSt

largest nematode density Pi at which the number of eggs per cyst is not
reduced

3. The relation between Pi and relative haulm dry weight (Yh), describing the competition
between nematodes for effect on size of the total food source (the latter estimated by haulm
dry weight).

Yh

le Pi ITh-1

~ 1 ~0~~

mh minimum relative haulm weight

Th largest nematode density Pi that does not reduce haulm weight

4. The relation between p'! and P, in the part of the tilth where no roots are present, which
depends on 'normal' root growth, the reduction of root growth by the nematodes, and the
fraction of nematode eggs that do not hatch in spring.

Pi b l x(l-sxYh)XPi (9)

b fraction of unhatched eggs

s proportion of soil with roots present in the tilth

The four patterns compound the extended population dynamic pattern of original Fig. 11.2:

PI sXYhxYexPi+Pi (10)

Yh x Yex M is also ca lied M'or hybrid M, for instance in a paper about the partial resistance of
eleven potata cultivars (Seinhorst et al. 1995).
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Example 6. "Hatching curves"

Compound hatching curves of nematodes from farmer's fields (Been & Schomaker, unpub.)
are shown in Fig. 4. They indicate that the population consists of three sub-populations with
different hatching properties, caused by nematicide treatments in previous years.

Example 7. "Dose-response relations"

Compound response curves of nematodes ta doses of nematicides (Schomaker & Been, 1998)
are shown in Fig. 5. They indicate two stimulating and one reducing effects at different ranges
of doses of a nematicide, the reducing effect and at least one of the stimulating effects being
independent, meaning that they act on different nematode receptors.

aberrant pattern leads to changes in the theory. Four
conditions must be satisfied before a theory is
replaced by another:

• The aberrant pattern must come from observa
tions based on sound methodological theories
described in the methodological empirical cycle.

• The aberrant pattern must be a recurring one.
• The aberrant pattern must reveal new processes or

clarify already known processes.
• The new theory connected with the aberrant pat

tern must be consistent with the fundamental theories
in the (Seinhorst Research Program'.

Ali conditions for falsification, except perhaps the
second condition cited, agree weil with those des
cribed by Lakatos (1978). An 'old' theory is only
replaced by a 'new' one if it brings scientific progress.
The 'new' theory must be able to explain and predict
aU phenomena that were satisfactorily explained and
predicted by the 'old' theory and it must also explain
and predict new phenomena.

Confirmation

Comparisons between new and old patterns from
observations and the theories connected to these pat
terns are repeated whenever additions to the empirical
base give cause. If the same process is involved, com
bining a large number of observations enables an
improved separation between 'signal' and 'noise' and
results in a more complete and clear emergence of the
patterns, thus confirming the theories on the causes of
the manifesting phenomena. Example Il illustrates
this for the pattern of equation (1): y' =O.95 cx.

The fundamental theories are also confirmed if new
theories from compound fundamental patterns, or
'theories of causes' derived from the properties indi
cated by the 'fundamental theories', in turn success
fully predict observations in the empirical base.

Working thus from high hierarchic levels to lower
ones, applied, fundamental physiological, and mole
cular biological research can meet and formulate
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tagether coherent, consistent theories. This approach
has the advantage that every new theory at a low hier
archic level that is relevant to the explanatory level can
be directly implemented.

Deduction

When theory building has progressed so far that the
theory on the explanatary system agrees satisfactorily
with the patterns derived from the observations of
simple and more complex systems, unobserved effects
of nematodes in host plants can be deduced from the
general causes in the theory, which now are consid
ered as principles. For instance general relationships
of non-studied or newly discovered nematade species,
such as Meloidogyne chitwoodi or M. fallax, can be pre
dicted from relationships known from fifteen experi
ments with other Meloidogyne species and their hosts
(Example 12. Growth reduction).

Future research

In the very near future, the authors and sorne of
their Dutch colleagues will be involved in a research
program (not in the sense proposed by Lakatos,
1978), financed by the Dutch government, on popu
lation dynamics and distribution patterns of Pratylen
chus penetrans, Meloidogyne chùwoodi, and Trichodorus
spp. and growth reduction caused by these species in
sorne relevant host plants. An attempt will be made ta
describe distribution patterns of viruses transmitted
by trichodorid nematodes. This approach could later
be used with other plant viruses. The part of this pro
gram under our responsibility will be done as
described in this paper and summarised in Fig. 1.
Methodological theories will be developed before
nematological theories, aU theories wiU be derived
from mathematical properties of patterns describing
biological processes. Analysis will always come first,
theu alternate with synthesis. We will also apply Sein
horst's empirical philosophy to integrate our know-
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Example 8. liA stochastic simulation model"

(1l)

a
M'

- degree of susceptibility of the potato cultivar for the
nematode population
- maximum multiplication rate
- hybrid maximum population density (Yh x Yex M, see
Example 5) which does not differ much from M under the
given constraints (P,. fT < 100)

M - maximum egg density per gram of soil.
The population dynamics under non-hosts is given by

Pf' =Plx (b]) x( bVn-1
b]

A stochastic dynamic simulation model for potato cyst nematodes was compounded from the
ories about growth reduction and population dynamics in partially resistant and non-host
crops to serve as the basis for an advisory system, enabling farmers to choose agricultural sce
narios with maximum financial returns (Been et al., 1995). The extended equation on popula
tion dynamics contains ten parameters; too many to be useful in an advisory system. For those
values of Pi where potatoes can be grown with acceptable yield reductions (Pi fT < 100), the
relation between Pi and PIcan be simplified to:

Pj =cpxM'(1 _ e-cx)

in which
a =axP,.fM'
cp

(12)
- fraction of unhatched nematodes during the first year of a
non-host crop.
- fraction of unhatched nematodes du ring the second and
next years of a non-host crop

n - number of years with a non-host crop
The fraction b] in the first year of cultivation of a non-host crop is smal1er than the fraction bl
in the fol1owing years. Schomaker and Been (unpubl.) found on twenty experimental fields an
average fraction of 30-40% unhatched nematodes in the first year after a potato crop and of
65% in the second year.
The value of the maximum multiplication rate, a, varies strongly from year to year and from
field to field, while the variation of Mis more limited as M is closely connected with the size of
the food source (estimated by dry haulm weight). The large variation of the maximum multi
plication rate, a, makes the population dynamics and subsequent yield losses in susceptible
potato crops too unpredictable to recommend a fixed rotation, with or without chemical con
trol. Control measures must then be based on nematode numbers in samples using methods
with known accuracy and precision. However, the probabilities of densities Pjand their subse
quent yield reductions in years fol1owing partial1y resistant potato crops can be predicared
from equations (5), (lI), and (12) and the probabilities of ail possible combination of a and
M, based on their distribution functions.

ledge and that of colleagues from various research
stations in The Netherlands into a limited number of
consistent theories and hypotheses. Later in the pro
gram, our attention will turn to the subjects discussed
below.

CONNECTION WITH OTHER RESEARCH PROGRAMS

ln 'Deterministic Dynamic Simulation Models',
applied to potato cyst nematodes in potatoes by sev
eral authors (Ward et al., 1985; Schans, 1993; Van
Oijen et al., 1995a, b) and to 1jJlenchorhynchus dubius
in Lolium perenne by Den Toom CI 989, 1990), the

approach is the opposite of Seinhorst's. Synthesis goes
before analysis, which undermines and questions the
relevance, truth, and sufficiency of the assumed prin
ciples (biological processes, equations describing
these processes, and external conditions influencing
them) to explain the nematological phenomena and
their consequences in farmers' fields. The situation is
exacerbated as these models represent not just one
mathematical equation but numerous equations with
dozens of parameters. Both the equations and the
parameters can be adjusted f1exibly to the observa
tions. Consequently, these deterministic simulation
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Example 9. "Growth reduction"

Relevant small and medium (PIT < 100) nematode densities cause growm retardation of meir
host plants, resulting in a decrease in weight ofwhole plants and plant parts. At any time dur
ing me growing period, the growth rate rp of plants at a certain nematode density P is always
me same percentage of me growth rate ro of (younger) plants wim me same weight but with
out nematodes. Understanding the system demands a comparison between plants of me same
weigh[, but of different age (Seinhors[, 1979, 1986a, b; Schomaker et al., 1995). A value of k
larger man zero - k is seldom smaller than 0.5 - implies mat me mechanism causing growm
reduction at small and medium densities is unable to stop growth completely (mis remains
true at large and very large nematode densities). T is me maximum density up to which
growm reduction is prevented or counteracted by a yet unknown mechanism. The factor z>'
implies mat nematodes are randomly dis[ributed over me surface of roo[ tips and that, if areas
where nematodes directly exert meir effec[s overlap, me toral effen in me overlapping area is
me same as [he effect exerted by one nematode Cl + 1 = 1). I[ also implies mat the average
number of nematodes penetrating me roots per unit of time and per unit of volume of soil is
constant. The small scale distribution of nematodes mrough me soil is regular enough to make
mis plausible. The total growth reducing effect of ail nematodes a[ a certain density is propor
tional to [he total volume of these area's. Hos[ plants of any species of tylenchid nematodes are
able to prevent growth reduction by these nematodes to the same degree zT (= 0.95), which
indica[es ma[ properties of a large group of nematodes and plants vary liule in [his respect.
The growth reduction by one nematode, one day after i[s penetration of me root, is negligible.
Investigation at a lower hierarchic level into me fundamental cause of growm reduction by
tylenchid nematodes - guided by [he properties described in me [heory - can lead to new con
trol approaches. Theories about these fundamental causes must be consistent with the omer
meories to be accep[ed in me 'Seinhors[ Research Program'.

Fig. 6. The empirical cycle according lO Campbell & Madden
(1990). This figure discriminales in sorne respeClS belween em
pirical 01" correlative models and explanalOry or mechanislic
models. Concepts for explanalOry models are derived from de
scriplive ones, but the correspondence rules are absent.

models can predic[ almos[ any phenomenon, albeit
only after the fac!. Therefore, and because me mathe
matical equations are often purely descriptive (see also
Example 13), me 'Deterministic Dynamic Simulation
Models' in meir present quality do not contribute
much to meory building.

CORRELATIVE

INFERENCES

[XPIANATORY

INTERPRETATION

The assumptions leading to the 'Dynamic Energy
Budget' (DEB) model, which tries to "capture the
diversity of the energetics of the different species into
one model wim different parameter values and to
build meories for the parameter values" (Kooijman,
1993), interpreted for potato cyst nematodes by Van
Haren et al. (1993), proved not to be sufficient and
true causes of population dynamics of mese nema
rodes at me explanatory level. The causes are insuffi
cient as They ignore me 'ail or noming' principle in
population dynamics of potato cyst nematodes. The
causes are non-true causes because They attribute dif
ferences in relative susceptibility only to differences in
egg numbers produced per female and ascribe
decrease in plant weight to wimdrawal of food by the
nematodes (Seinhorst, 1986a, b, 1993).

The 'Deterministic Dynamic Simulation Models' as
interpreted and applied by various aumors (Ward et
al., 1985; Den Toom, 1989, 1990; Schans, 1993; Van
Oijen et al., 1995a, b) and the 'Dynamic Energy Bud
get Model' as interpreted and applied by Van Haren et
al. (1993) are trying to deduce effects from assumed
causes, but mese causes are derived from a jumble of
loose fans reported in the literature, many of mem
questionable with respect to their relevance and
validity.

452 Fundam. appl. NemalOl.



The SeillhorSI Research Program

Example 10. "Population dynamics"

Equation (6)
P'f =M(l - e-a )

The occurrence of discrete, random events in space and/or time, such as the random encoun
ters of nematodes and plant roots, are described by the Poisson distribution. The first term in
this distribution function, the Iikelihood for a plant root to escape nematode attack (zero
encounters), is given by ea. The probability of one or more encounters is given by 1- ea. In its
strictest interpretation, the presence of the factor l_ea suggests that plant roots can be imag
ined as a cylindrical surface divided into equal compartments, that are per cross section ran
domly penetrated by juvenile nematodes, the cross sections moving up along the cylinder as
time goes on. The juveniles can settle in only one compartment at the same time. If they could
settle in more than one compartment, this would result in overlapping territories and a
decrease in eggs per setùed nematode which is in contradiction with the observed patterns.
Only one juvenile per compartment can survive. The size of the compartments depends on the
place of the root in the root system and the growing conditions of the plant, but not on the
density of the surviving juveniles. Juveniles trying to settle in an engaged' compartment will
remain unsuccessful and eventually die from starvation. In other words, juveniles that success
fully enter a root possess a territory that is inaccessible to others. This mechanism prevents
females from decreasing in size because of competition for food and, at high densities or in
case of coincidental dustering, remain too small to become adults and reproduce.
Equation (7)

Ye =me + (l-me) x 0.9Y forP, > 1'"
At higher densities Pp the numbers of eggs per cyst are decreasing, but not because of compe
tition for space berween the growing females. The appropriateness and the form of Equation
(7) suggest that the quality of the territory degenerates because of random overlapping areas of
damaged root tissue, from which these territories are to be developed. (see also Example 8
'growth reduction'). The factor 0.9Y implies that the territories can still reach their maximum
qualiry by using undamaged root cells ifthey are less than 10% damaged.
Equation (8)

Yh=mh+(l-mh)xO.9S Y forPi >Th

This equation describes the relative size of the food source, estimated by relative haulm dry
weight. lts theory is described under Example 8 'growth reduction'.

Equation (9)
P'j =b2 x (l-sxYh)XPi

In case of cyst nematodes, the theory must be extended by a term for the number of nema
todes per unit of soil that did not hatch spontaneously or under influence of the root system.
This number of nematodes is determined by:
- The proportion, s, of soil with roots at nematode densities smaller than Th' The proportion

of nematodes stimulated to hatch in the presence of plant roots is proportional to the relative
size of the root system.

- The relative size of the root system at nematode density Pi) described by Yh (Equation 8).
The nematode densiry per unit root weight does not change because ofthis reduction.

- The fraction b of unhatched nernatodes.

Van Oijen el al. (l99Sa) carry off the palrn as they
managed to incorpora te only wrong assumptions on
plant-nematode relations into the LlNTUL crop
growth model (Spitters & Schapendonk, 1990) and
still obtained, in hindsight and thanks to a convenient
number of adjustable parameters and - because of
their arbitrariness - adjustable rnathematical equations
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describing nernatode-plant relations, sorne resem
blance between simulations and observations in one
experiment. Their approach is described in Exam
pie 13 as an illustration of 'incornprehensive' and
incornprehensible modelling.

The drawbacks of the 'Deterrninistic Dynarnic
Simulation Models' couId be eliminated if these
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Example Il. "Growth reduction"

The existence of a tolerance limit T and its constancy for a given nematode/plant combination
under almost ail conditions (except short days conditions combined with high light intensity)
is often met with doubts or even disbelief. However, Seinhorst did not stan his modelling of
yield reductions with the concept of a tolerance limit (the fewer parameters the better) but was
forced to add this parameter because it gave a better description of the patterns found. The
analysis of 29 nematode/plant combinations in Seinhorst's (1998) paper, elsewhere in this edi
tion, is bound to end all doubts. The combination of such a large number of observations
reduceg variance and clarified the pattern ta such an extent that the existence and constancy
of T (zr =0.95) for ail nematade/plant combinations) becomes abundantly clear.

Example 12. "Growth reduction"

Seinhorst (1998) proved that the relation between PIT and y', based on his theory about
growth reduction by nematodes, closely agree with y' = zP-T (Eq. 1), with zT = 0.95 for ail
investigated 29 combinations of nematodes and plants. From his theory, growth reduction can
be deduced for host plants and tylenchid nematode species other than those investigated, for
instance, growth reduction of host plants of the newly discovered nematode species Meloido
gyne chitzuoodi and M. fallax.

Example 13. "Growth reduction"

The assumptions on plant growth reducing effects of potato cyst nematodes, conveniently
chosen by Van Oijen et al. (l995a) from a multitude of reports in the literature, are:
1. Accelerated leaf senescence
2. Root death
3. Allocation of assimilates in favour of roots
4. Decreased Light Use Efficiency
but a1l are demonstrably untrue for (economically important) smail and medium nematode
densities (Been & Schomaker, 1986; Seinhorst, 1986b; Schomaker et al., 1995).
The validity of the model and its predictive ability at the explanatory level (farmer's field) was
checked by comparing simulated results with observations in a field experiment (without con
trol) with rwo cultivars on fumigated and non-fumigated plots. The same observations (biased
by questionable methodological methods, especia1ly with respect to the estimation of nema
tode densities) were used ta describe the nematode-plant relations and to estimate the param
eters in the mode!. Aberrant observations in a second field experiment (Van Oijen et al.,
1995b) were ignored. Differences in growth berween the two cultivars couId not be explained
by the model as it attributes one (linear) mechanism of growth reduction to ail nematade den
sities. Seinhorst's theory on growth reduction by nematodes, confirmed for 29 different nema
tode/plant combinations in 36 experiments, explain the observations in both experiments weil
as it discriminates between two mechanism of growth reduction: one operating at small and
medium nematode densities (PIT < 100) and one at large (PIT> 100) nematode densities.

models paid more attention to empirical methodol
ogy and if synthesis alternated with pattern analysis
of phenomena at the explanatory level to trace and
describe processes and causes of relevant processes.
Arbitrary equations must be replaced by comprehen
sive equations describing biological processes. Nei
ther the 'Deterministic Dynamic Simulation Models'
nor the 'Dynamic Energy Budget Model' are neces
sarily incompatible with Seinhorst's models. Ir is
obvious that models inducing causes from their
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effects, guided by (mathematical) propenies of the
latter, are useful to models deducing effects from
principles and vice versa. The rwo types of models
could meet half-way on the hierarchic ladder if the
'believers' in the various models (including the
authors of this paper) were able to overcome their
inclination ta worship the one and only true 'mode!'
and to strive for more consistency of experimental
methods and biological theories berween different
schools of thought.
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CAUSES AT LOW HIERARCHICAL LEVELS

Patterns and theories in the 'Seinhorst Research Pro
gram' indicate properties of nematological processes at
lower hierarchic levels. In Example l, the causes at a
lower hierarchic level of the 'first mechanism of growth
reduction' at sma11 and medium nematode densities
are biochemical or physiological processes and their
properties are indicated by the theory that an indi
vidual nematode affects plant growth only during a
limited period. From Seinhorst's (1998) data, it is
confirmed that this 'first mechanism' applies to many 
if not a11 - plant-parasitic nematodes and their hosts.
To fmd new, broadly applicable, nematological control
strategies, these processes should be investigated under
the guidance oftheir properties derived from the math
ematical patterns. Other processes considered suitable
for investigation in Seinhorst's theory on growth
reduction at small and mediwn nematode densities are
the mechanism that neutralises or inhibits the effects of
small nematode densities and the mechanism inducing
differences in plant growth reducing effects between
the first and the second generation (Seinhorst 1986b,
1995, 1998). The causes of the 'second mechanism
of growth reduction', which becomes noticeable at
PIT> 100 (Seinhorst, 1998) and is accompanied by
diagnostic characteristics (Seinhorst, 1986b), and the
relation of this mechanism with plant age should be
investigated as weil.

In population dynamics, much work at molecular
and genetic level has already been done, but unfor
tunately it is not or little (only by establishing a multi
plication factor) related to quantitative nematological
work at higher hierarchic levels. Therefore, this
research cannot be used to make predictions on popu
lation dynamics and noxiousness of nematode popu
lations, nor to establish similarities in relevant
agricultural properties between nematode populations.
For the sake of consistency in theory building, the rela
tionship between the research at higher and lower hier
archic levels must be established in the years to come.

CAUSES OF DISTRIBUTION PATTERNS

A new simulation model would be that of distribu
tion patterns of sedentary nematodes, based on distri
bution patterns of potato cyst nematodes. The small
and medium scale distribution patterns of potato cyst
nematodes have been extensively described (Sein
horst, 1988; Been & Schomaker, 1996; Schomaker &
Been, unpubl.). The sma11 scale distribution of these
and other nematodes was well described by the 'Nega
tive Binomial Distribution' (Seinhorst, 1988). For
potato cyst nematodes, the dispersing forces causing
small and medium scale patterns proved to be con
stant and independent of time, place (external condi
tions), and population density (Schomaker & Been,
unpubl.). As the mobiliry of porato cyst nematodes is
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only a few centimetres per year - which is negligible 
their distribution patterns depend on their population
dynamics and on the activities of farmers, who dis
perse cysts within and between fields and horizontally
and vertically through the soil with their machinery 
including soil fumigation equipment. It would be
relatively simple to use vector analysis of the dispersal
forces to expia in the distribution patterns of these
nematodes. More complex distribution patterns of
other nematodes could then be deduced by means of
simulation models of the vectors using sub-models of
the population dynamics and mobility of these nema
todes. The relevant external conditions for mobility
should not be suggested by preconceived ideas, e.g.,
on effects of organic matter or biodiversiry, but by
mathematical properties of distribution patterns of
nematodes under natural conditions, fo11owing the
empirical cycle (Fig. 1) in a consequent manner. If
the presence or absence of micro-organisms and their
metabolic products are critical for nematode mobility
then the distribution patterns of these micro-organ
isms must be studied too, for instance by DNA
extraction from soils (Van Elsas et al., 1997), and
related to that of the nematode species under study
and to (small and medium scale) geographic patterns.

GROWTH REDUCTION BY ROOT NEMATODES
IN PERENNlAL PLANTS

During the first year after planting, effects of nema
tode attack on perennial plants can be investigated in the
same way as on annual plants. We cannot yet answer the
question of whether a reduction in growth and produc
tiviry should be expected in the second and following
years, depending on nematode densities at planting,
especia11y at low densities. It is known from studies on
Radopholus similis on citrus that nematodes spread from
older to new roots at the periphery, thus rapidly increas
ing in nwnbers. The same tendency to rapidly increase
in nwnbers and to migrate is observed for stem nema
todes in red clover and lucerne - here via moist surfaces
of plant leaves. We know that nematodes do not gener
ally cause specific disease symptoms (see Examples l, 2,
4,9, Il, and 12 on growth reduetion) and that annuals
are more tolerant to second and later generations of
nematodes than to the first generation present at plant
ing (Seinhorst, 1995). Therefore, it is by no means cer
tain that the presence of large nematode numbers in old
orchards will cause substantial reductions in productiv
iry. An increase in productiviry, in sorne but not all cases,
after treatment with non-fumigant nematicides is not
proof of nematode damage if the effeet of these chemi
cals on the yield of trees without nematodes under the
same conditions is not known.

To investigate growth reduction of perennial plants
by increasingly large nematode populations, patterns
of weight of the whole plant and its fruits must be
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studied at a sufficiently wide range of nematode densi
ties and at regular time intervals. To produce a c1ear
pattern, a simple system with external conditions as
constant as possible must be srudied first. Later, more
complex systems can be studied and their patterns
compared with the patterns from the simple system.

FUNGI AND INSECTS

Extension of the 'Research Program' with research
on infestation focus development and distribution pat
terns of fungi and insects living in the soil is worth con
sideration. The mode! for foci developed by Van den
Bosch (1990) has similarities with our mode!. It con
tains a gamma density function for the relative number
of biological entities produced per time unit and an
exponential function for the spatial distribution. For
nematodes, the spatial distribution function is the
same as in the model of Van den Bosch (1990). The
parameters of the function must be estimated for each
separa te species. For nematodes, we are planning (see
Future Research) to deduce a comprehensive temporal
model from nematode dispersal forces and population
dynamics. We might do the same for other organisms.

PaTATa CYST NEMATODES

Of ail plant-parasitic nematodes, the methodologi
cal and nematological theories in the 'Seinhorst
Research Program' are the most advanced for potato
cyst nematodes. The reason is that potato cyst nema
rodes are economically important and relatively sim
ple research objects because they have only one
generation per year and they are easily manageable.
Seinhorst (1998) has demonstrated that many causes
of phenomena at the explanatory level, especially
those with respect ro growth reduction, apply ro ail
nemarodes. Therefore, we want to choose potato cyst
nemarodes and their hosts as model organisms to
induce theories on the causes of different aspects of
growth reduction, distribution patterns, and molecu
lar aspects of population dynamics. From these theo
ries and supplementary observations, similar theories
can be deduced for other nematodes.

Final considerations

Seinhorst and the authors of this paper worked
together in close collaboration for almost thirteen
years. To us, his pupils, Seinhorst's approach to sci
ence is a sensible one, adopted naturally. We cannot
imagine working in a different manner. During these
years of co-operation, the research program was devel
oped further and our influence gradually increased. At
the present stage, it is difficult to discriminate between
Seinhorst's and our own contribution in the develop
ment of the research program during the last decade.
Either contribution is reflected in both Seinhorst's and
our publications, but we always discussed and criti-
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cised each others' work and we wrote sorne papers
together. Our contribution consists mainly in the
development of computer programs for analyses and in
the synthesis or composition part of the program. This
synthesis resulted in simulation models for both distri
bution patterns of nematodes in farmers' fields (from
which sampling methods can be developed) and expert
systems for potato cyst nematodes (from which control
scenarios can be chosen). Much time and energy were
invested in the implementation of scientific results in
agricultural practice, e.g., Seinhorst's concept of par
tial resistance of potato cultivars to pathotypes of Glo
bodera pallida, and in the introduction of new sampling
methods for the detection of small foci in fields ofware
and seed potatoes. This made it possible to reduce
nematicide use and improve fmancial returns.

During the period of our co-operation with Sein
horst, we had many discussions on methods, theories,
and philosophy, not because we disagreed but because
a relatively small 'Research Program' is 'subject to
offence' (Lakaros, 1978) and must develop strategies
for its defence. We feel we succeeded in establishing
and defending the 'Seinhorst Research Program' so
that, in our opinion, it has a fair position and good
prospects in comparison with other 'Research Pro
grams'. If the foregoing paragraphs gave the impression
that we reject ail concepts on which other 'Research
Programs' are based, then this image wants nuance. We
mainly object against the way these concepts were inter
preted and applied for nemarode/plant relations, but we
know from experience that any 'Research Program' can
be put in an unfavourable light if amateurs tamper with
its models (Anon., 1991). Therefore, we will not hesi
tate ro adopt approaches or theories from other
'Research Programs' if patterns from observations
should guide us in that direction.

Many foreign colleagues co-operated with Seinhorst
for long periods. Without suggesting to be complete,
we want ro mention here our Scandinavian colleagues
who appointed Seinhorst as an Honorary Docror at
the Agricultural Universiry of Uppsala and our Italian
colleagues from the Istiruro di Nematologia Agraria in
Bari, where Seinhorst was a consultant for many years,
who made a large contribution to the confirmation of
Seinhorst's theories (Seinhorst, 1998). They ail greatly
influenced the course the 'Seinhorst Research Pro
gram' has taken in the past, and we hope that they and
other colleagues will continue to do so in the future.
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Summary - In 31 published and five unpublished experiments, curves according to the equation y = m + Cl - m)0.95P1T-1 for
P> Tand y = 1 for P:o; T (Equation 3) were fitted to the relation between P and y, where Pis the density at planting of various
nematode species and y is the plant weight (expressed as a proportion of plant weight at nematode densities P:o; T) of various
plant species at the end of the experiment. To compare basic patterns in these experiments, data sets were normalized with
respect to m and T. Relative plant weights y were transformed to y' = (y - m)/( 1 - m) and nematode density scales were divided
by T. Values of PITwere allocared to classes with regular intervals on a logarithmic scale. Averages of all y' values (Y') per class
plotted against antilog of average log relative nematode density per c1ass fitted almost exactly to a curve according to the equa
tion y' = 0.95P1T-I for 1<PIT<100 and y' = 1 for PIT 51. It is concluded that Equation (3) for the relation between nematode
density at the time of sowing or planting and relative plant weight during the first year after sowing or planting applies to a wide
range if not to all combinations of nematode and plant species. This confirms Seinhorst's theory about plant growth reduction
by nematodes for all these combinations. ln only one of fifteen experiments with Meloidogyne species on host plants could an
effect of population increase on relative plant weight be derived from the data. © OrstomlElsevier, Paris

Résumé - Relation générale entre densité de la population et poids des plantes lors d'expériences en pots et en
micro-parcelles concernant différentes combinaisons nématode 1plante - Se fondant sur les résultats de 36 expériences
(dont cinq non publiées) il a été établi des courbes correspondant à l'équation y = m + (l - m)O,9SP1T-I pour P> T et y = l,
pour P 5 T (équation 3), courbes ajustées à la relation entre densité à la plantation (P) de différentes espèces de nématodes et
le poids de différenres espèces de plantes (y) - exprimé comme la proportion du poids aux densités P 5 T - à la fin de l'expé
rience. Pour pouvoir comparer les schémas de base de ces expériences, les séries de données ont été normalisées en ce qui
concerne m et T. Le poids relatif des plantes, y, a été transformé en y' = (y - m) (1 - m) et les échelles des densités de nématodes
divisées par T. Les valeurs de PIT ont été réparties en classes sur une échelle logarithmique. Les moyennes (Y') de l'ensemble
des valeurs de y' pour chaque classe ont été alignées contre l'antilog du logarithme moyen de la densité des nématodes par
classe; ces moyennes s'ajustent exactement à une courbe d'équation y' = 0,9SP1T-I pour 1 < PIT < 100 et y' = 1 pour PIT 5 1. Il
en est conclu que l'Équation 3 concernant la relation entre densité des nématodes au moment du semis (ou de la plantation)
et le poids relatif des plantes pendant la première année de croissance peut s'appliquer à un grand nombre sinon à la totalité
des associations entre nématode et plante. Cela confirme, pour toutes ces combinaisons, la théorie de Seinhorst concernant la
diminution de croissance des plantes sous l'influence des nématodes. Dans une seule des quinze expériences relatives à des
espèces de Meloidngyne, un effet de l'augmentation de la population sur le poids de la plante a pu être mis en évidence à partir
de ces données. © OrstomlElsevier, Paris

Keywords : first generation, growth reduction, Mewidogyne spp, modelling, reproduction, retardation, second generation,
tylenchid nematodes, yield reduction.

According to Seinhorst's (1979, 1995b) growth
model, the growth rates for plants of the same weight
(and therefore of different age) at nematode densities
P (rp) and without nematodes (ra) are related as fol
lows:

r/ro =k + (1 - k)?-T for P > T
rplro =1 for P<;' T and (1)
r/ro =k for P -7 00

assuming that at a given nematode density P, rf!/ra is
constant throughout the growing period. The value of

Fundam. appl. Nemawl. 1164-5571198/051 © OrslomlElsevier, Paris

k is independent of nematode density P and of time
after planting, but may vary between experiments. T is
the tolerance limit, the largest density P that does not
cause growth reduction, and z is a constant smaller
than 1. Cross sections orthogonal on the time axis of a
three-dimensional model (Schomaker et al., 1995)
describing, at different values of k, the relation
between total plant weight, nematode density, and
time after planting are, from sorne weeks after plant
ing, in close agreement with Equation (2),
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in which z and m are constants smaller than 1. In
most, if not ail experiments, zT could be considered to
be 0.9S. Then Equation (2) becomes

y =m + (1 - m)0.9S P1T- 1 for P > T and (3)
y = 1 for P $ T

Recurrence in experiments of the basic pattern
described in Equations (2) and (3) confîrm Sein
horst's theory on growth reduction by nematodes,
summarized by Seinhorst (l99Sb) as: 'The same hap
pens later'. To compare these basic patterns in experi
ments with different nematode/plant combinat ions
independently of the parameter values, the data from
these experiments must be normalized with respect to
the parameters m and T, which have different values
for the various combinations.

This is done by transformation of Equation (2) to
P-Ty' = y - m = Z for P > T and

1 -m

y =m + (1 - m):?-T
y = 1

for P > Tand
for P$ T (2)

densities PIT (as they would be for non-transformed
relative plant weights), because ail these relative plant
weights represent estimates of zP-T with the same
value of z or 0.9 SP!'F-l. Also, in general, the individual
values of PIT in the ranges of relative nematode densi
ties will not be the same in different experiments. To
compare the results in a single graph, the values of
PIT were divided into nematode density classes with
the same class limits in the different experiments and
a small ratio between these limits. The relation
between log relative nematode density and plant
weight within each nematode density class can then
be treated as being linear. Instead of averages of Y'Ù
per nematode density (PIT)) averages per relative den
sity class j are calculated according to Equation (6).
Not ail experiments may be represented in every class,
because the density intervals are larger than the class
width and the lengths of the density ranges may be
different. However, as above, differences in numbers
of data per density class do not affect the quality of
their averages as estimate of the theoretical value of y'
for each of the classes. Average relative nematode den
sities per nematode density class is calculated as:

(7)( ~). = antilog l i (Pi iJ
T J r T ..

j =II}

with (P/Ti)j = the value of PIT from the i1h experiment
belonging ln density class j and r) =the number of
observations in this class. With a class width of 1 tO
1.4, as used below, the difference between the geo
metric mean according to Equation (6) and the arith
metic mean is very smal\.

If the deviations per nematode density class of the
relation between the average relative nematode densi
ties and average relative plant weights from Equation
(4) are distributed randomly, then Equation (4)
describes the relation between nematode density and
relative plant weight accurately for most or ail of the
nematodes and plant species in the experiments, the
results of which are summarised according to Equa
tions (S) and (6). For Equation (4) to represent the
actual relationship between relative nematode density
and relative plant weight, the average relative plant
weights per class should not deviate significantly from
that according to Equation (4) in any c1ass.

Materials and methods

To investigate whether Equation (4) accurately
describes the relation between the population density
at sowing or planting and the relative plant weight at
sorne time after sowing or planting, data were used
from 31 published and five unpublished experiments
with Prarylenchus penelrans on Daucus carOla, Digùalis

(S)

(4)
for P $ Ty' = 1

Then, the value of y' at a relative nematode density
(PID) (j =0 to 00) in n experiments Ci =1 to n) is the
same in ail experiments ta which Equation (4)
applies. Relative plant weights YI) at a given relative

nematode density (PID) in the i th of n experiments,
estimated by fîtting a curve according to Equations
(2) or (3) to the observed plant weights, can be con
sidered as estimates of y' at that density. Moreover, if
the relative minimum plant weight mi was deter
mined, Y lj can be transformed to

Y' = (Yij-m;)
1) (1 - mi)

which is an estimate of y' at relative nematode density
(PID). The n transformed relative plant weights Y'i; at
a certain nematode density in ail experiments are then
estimates of the same y' at the same relative density
(PIT); and can be treated as replicates in a single
experiment. Therefore, their average

- 1 n ,

Yj = ~ I. Y ij (6)
j=1

is also an estimate of y' at relative density (PIT)) . If
the distribution of the transformed relative plant
weights Y'i at each density can be treated ~ a normal
distributio~, the standard deviation of Yj is n-O.5

times that of the transformed relative plant weights.
The number n of transformed relative plant weights

does not have to be the same at ail relative nematode
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purpurea, Vicia faba, and apple seedlings. The five
unpublished experiments were made in 10 cm wide,
30 cm deep cylindrical pots with 2 kg soil. To obtain
twelve densities ranging from 0.1 to 200 eggs/g soil in
the experiment with D. purpurea, twelve lots of par
tial!y sterilised sandy soil were spread out, inoculated
separately by spraying with a suspension of the
required number of nematodes, then mixed gently.
Each lot of inoculated soil was then divided into five
replicates of 2 kg and five replicates of non-inoculated
partial sterilized soil were used as controls. Al! repli
cates were transferred to 2.5-dm3 pots in random
order. For the experiments with D. carata and V. faba,
20 kg of partial!y sterilised soil was inoculated with a
large number ofnematodes, as described above. Then
10 kg of this inoculated soil was mixed with 10 kg
non-inoculated partial!y sterilised soil. Half of the
20 kg mixture was mixed with another 10 kg of par
tial!y sterilised soil and so on until eleven nematode
densities were obtained. Each lot of 10 kg inoculated
soil was divided into ten portions of 1 kg, and each
portion was mixed with 1 kg non-inoculated partial!y
sterilised soil. The 100 portions of 2 kg thus obtained
were transferred to 2.5-dm3 pots in complete random
order. Per nematode densiry five pots were sown with

carrots and five pots with broad beans. After the seeds
germinated, the number of seedlings was reduced to
one per pot. For the published experiments, the
reader is referred to the original articles for the
methods used.

Partial!y sterilized soil was obtained by steaming soil
to kil! al! pathogens present, after which the soil was
al!owed to 'recover' (enabling fungi to grow on the
dead organic material) before nematodes were
applied. Without this recovery period, the nematodes
added to the soil would not have survived.

The data from al! experiments were transformed
according to Equation (5) and presented in Figs l, 2,
3, and 5. Tables 1,2,3, and 4, associated to these fig
ures, give the details on nematode species; plant spe
cies; estimated values of tolerance limits T, assuming
that zT = 0.95, and relative minimum plant weights m
in curves according to Equations (2) and (3); and ref
erences to the original publications. For almost al!
published experiments, estimates of T and m were
given in the original publications. These estimates are
also mentioned in Tables l, 2, 3 and 4. Before com
bining al! results, estimates of T and m these experi
ments were ckecked and in sorne cases slightly
adjusted. If T and m were not given in the original
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Fig. 1. Relalions belween nemawde densùy al sowing or planling prrj and relative plant weighl Y ij '. Curve according w Equation (4).
References w symbols and associaœd values of parameœrs T and fi are summarized in Table /. In lhe graph Y ij and prrj are indicaled
as y' and PT 1 respeclively.
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Fig. 2. As Fig. J. References co symbols and associaced values of paramecers T and m in Table 2.
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Fig. 3. As Fig. J. References co syrnbols and associaced values of paramecers T and m in Table 3.

article they were estimated for the first time. No pre
determined scheme was followed for the distribution
of the different experiments among the first three
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graphs. The nematode density scales in the graphs
were divided into classes, starting from Py /T,..= 1 with
further c1ass limits l, 1.41, 2, 2.82 etc. (ratio between
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Fig. 4. Relalum belween a'verage (PIT)j (j = demity class) and relative plant weighls per experimem Y'ij, lransformed according 10 Equa
tion (6). In lhe graph Y; and PlT j are indicated as y' and PT l respectively.
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Fig. 5. Relalwn belWeen initial demi/y of eggs and second stage Juveniles of Meloidogyne species PIT; and lhe relalive weighl Yij oj
different pianI species some time after sowing or plan/il1g. Curve according 10 Equation (4). References 10 symbols and associaled values
of paramelers T and mare summarized in Table 4. In lhe graph Yij and PlTj are indicated as y' and PT! respectively.
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Table 1. Derails of experimenrs, 'visualised in Fig. 1, on lhe relation belween nemawde densiry at planring and plant weighl at lhe end
of lhe experimem: nemaLOde plane speciesj original and new eslimales of lhe LOlemnce limil T and minimum yield m according 10 Equation
(3), and lhe aUlhor(s) of lhe experimems.

Symbol Nemarode species Plant species, Original publication Tnem.lg m

cultivar Tnem.lg soil m Reference soil

• Helerodera avenae Triluum salivum Meagher & Brown (1974) 0.3 0

0 Meloidogyne incognila Bera vulgaris l.l 0.1 Di Viro el al. (1981) l.l 0.1

"V Xiphinema index Vilis vinifera 0.17 0.05 Di Viro el al. (1985) 0.15 0.05

.À. M. incognila Cucumus melo 0.19 0 Di Vito el al. (1983) 0.19 0

T Nicotiana rabacum 2 0 2 0

0 Heliamhus annuus 1.85 0.25 Sasanelli & Di Viro (1992) 1.85 0.25

• Bmssica oleracea 0.5 0.05 0.5 0.05

<> Capsicum anmltlm 0.74 0.1 Di Viro (1986) 0.74 0.1
(susceptible)

• Capsicum annuum 0.74 0.4 0.74 0.4
(resistant)

NI. javanua Oryza sativa 0.26 0 Di Vito et al. (1996) 0.18 0.04
<D

e Oryza glaberrùna 2.68 0 2.2 0.035

x 1j;lenchorhynchus dubius Lolium perenne Den Toom (1988) 1.6 0.6

0 Longidorus elongatus Fragaria 'vesca 0.2 1) 0.3 Seinhorst (1966) 0.09 2) 0.3

1) For zT = 0.9 2) For zT = 0.95

Table 2. Derails of experimems, visualised in Fig. 2, on lhe relation becween nemawde densiry at plaming and plant weight at the end
of lhe experimem: nemaLOde plam speciesj original and new estimales of the LOlerance limit T and minimum yield m according 10 Equatwn
(3), and the awhor(s) of lhe experiments.

Symbol Nematode species Plant species, Original publication T nem.lg m

cultivar T nem.lg soil m Reference soil

• Heterodera Pisum salivum 3.5 0.3 Di Viro el al. (1978) 3.4 0.28
goeuingiana

0 H. avenae Avena salÎva 1.4 0.27 Seinhorst (1981) 1.4 0.27

<D 0.85 0.05 0.85 0.05

* 0.35 0.6 0.35 0.6

+ 1j;lenchorhynchus dubius Lolium perenne 1.8 0.18 1.6 0.22

0 Pratylenchus penelrans Viciafaba unpublished 6.2 0.43

<> Daucus carola 1.4 0.49

L Digitalis purpurea 5.6 0.16

.À. Malus 1.5 0.44

• H. ciceri Cicer arietinum 1.34 (av.) 0.26 Greco el al. (1993) 1.3 0.16

T H. carolae Daucus carOla 0.8 0 Greco & Brandonisio 0.7 0
(1980)

• H. trifolii Trlfolium repens 0.7 0.12 Seinhorst (1981 ) 0.7 0.12
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Table 3. Details of experimenlS, visualised in Fig. 3, on the relation between nematade density at planting and plant weight at the end
of the experiment: nematade plant species; original and new estimates of the IOlemnce limit T and minimum yield m according ta Equation
(3), and the author(s) of the experiments.

Symbol Nematode species Plant species, cultivar Original publication Tnem.lg m

T nem.lg soil m Reference soil

• Heterodera avenae Avena sativa 0.6 Greco & Brandonisio 0.6
(1987)

0 Mewidogyne iruognita Solanum melongena 0.054 0.1 Di Vito et al. (1986) 0.054 0.05

6. Coffea arabica 2.09 0.4 Vovlas & Di Vito (1991) 1.4 0.4

\l M. javanica 1.34 0.4 1.15 0.4

Â M. incognita Lycopersicum esculen- 0.55 0.7 Di Vito et al. (1991 ) 0.5 0.7
mm (resistant)

0 M. a/'liella Cicer arietillum 0.13 0.1 Di Vito & Greco (1988a) 0.13 0.1

• H. lrifolii Tnfolium repens Hidding el al. CI 963) 0.8 0

• M. hapla 0.08 0.4

0 Pralylenchus penelmns Viciafaba (unpubl.) 1.3 0.43

0 M. javanica Helia1llhus annuus 0.45 0 Di Vito el al. (1996) 0.25 0.43

Table 4. Details of experiments, visualised in Fig. 5, on the relation between nematade density at pla1lling and pla1ll weight at the end
oflhe experiment: nemalOde pla1ll species; original and new estimates of the tolerance limit T and minimum yield m according LO Equation
(3), and lhe author(s) of lhe experiments.

Symbol Nematode species Plant species, cultivar Original publication Tnem.lg m

T nem.lg soil m References soil

• Meloidogyne ilu:ognita Solanum melongena 0.054 0.05 Di Vito et al. (1986) 0.054 0.05

0 Beta vulgan's 1.1 0.1 Di Vito et al. (1981) 1.1 0.1

6. Lycopersicum escule1llum 4 0 4 0
(susceptible)

Â Cucumus melo 0.19 0 Di Vito et al. (1983) 0.19 0

T Nicotiana tabacum 2 0 2 0

0 Helianlhm annuus 1.85 0.25 Sasanelli & Di Vito (1992) 1.85 0.25

• Brassica oleracea 0.5 0.05 " 0.5 0.05

0 Capsicum annuum 0.74 0.1 Di Vito (1986) 0.74 0.1
(susceptible)

• C. annuum (resistant) 0.74 0.4 " 0.74 0.4

+ Coffea arabica 2.09 0.4 Vovlas & Di Vito (1991) 1.4 0.4

x M. java71ica 1.34 0.4 " 1.15 0.4

<D Oryza saliva 0.26 0 Di Vito el al. (1996) 0.18 0.04

e Oryza glaberrima 2.68 0 2.2 0.04

* M. incognita Lycopersicum esculentum 0.55 0.7 Di Vito el al. (1991 ) 0.5 0.7
(resistant)

\l M. arlieUa Cicer an'etinum 0.13 0.1 Di Vito & Greco (1988) 0.13 0.02

Vol. 21, no. 5 - 1998 465



J. W. Seinhorsl t

Fig. 6. Re-inœrprewclon of data from experiments on the rela
lion between initial population density of 2nd swge Juveniles of
Meloidogyne incognita and fruit yield of susceptible and resis
tant wmata plants by Di Vito et al. (1991). y =fruit weight di
vided by estimaœd fruit weight in the absence of nemawdes.
Curves are according ta Equation (3), except the (a rbit rary)
doued fine.

Fig. 1 of Di Vito el al. (1991) is replaced by one, that
is the product of a reduction by :

1) The initial nematode population according to
Equation (3) with TI =0.43 second stage juveniles/g
soil and ml =0.7, as for the resistant tomatoes, with
no or only a smaIl second generation.

2) The second generation produced by this initial
population, aga in according to Equation (3) but
with Tz at the initial density of approximately 0.065
second stage juveniles/g soil and mz = 0.85 (Sem
horst 1995a, b)

3) The 'second mechanism of growth reduction'
(Seinhorst, 1981) at P> 4 second stage juveniles/g
soil (62Tz ).

The curve drawn in Fig. 6 for the reduction in
point 3) is arbitrary because no general relation
between nematode density and the effect of the 'sec
ond mechanism' is known. The large values of m pos
sibly resulted from the age of the plants at the start of
the experiment, which can be interpreted as a 'delay
of attack' resulting in an increase of m (Seinhorst,
1995a). The first two reductions of fruit yield (both
due to the 'first mechanism of growth reduction'
which causes growth retardation) are proportional ta
the reduction of total plant weight. Most probably the
largest densities of the first generation already
reduced the relative plant weight to less than 0.7 by
the 'second mechanism of growth reduction' and
plants died off after attack by the second generation.
The new interpretation of the data results in a much
smaller estimated experimental error than the original
interpretation. An acceptable fit is still obtained for
mz = 0.9 and ml = 0.5, therefore assuming t~at ~I is
smaller than for resistant plants. The economlC dlffer-
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Results and conclusions

Fig. 4 demonstrates an excellent fit of the relation
between actual values of Y/ and average (P/l\ to the
values ofl,' at these nematode densities according to
y' =0.95 (f-I (Equations [3] and [4]) for average
(P/T)· = 1 to 100 and y' =1 for average (P/T)· ~ 1. The
poor~r fit for average (P/T)J.. ~ 100 is probabl~ partly
due to Seinhorst's (1981) second mechamsm of
growth reduction' which refers to mechanical damage
to the root system at high population densities, the
general relation of whicb is not known. Ir may, there
fore, be concluded that Equations (2), (3), and (4)
give a proper description, during the first growing sea
son after sowing or planting, of the relation bet\veen
relative weight and population densities from 0 to
100 T for a wide range of nematade and plant species
(Figs 1, 2, 3), thus confirming Seinhorst's (1979,
1986) theory about growth reduction for these nema
tode and plant species. Apparently, deviations of actual
relative plant weights in separate experiments from
those according to Equation (3) with properly esti
mated values of T and mare generally due to experi
mental error, although sorne deviations at population
densities > 30 Tare most probably caused by Sein
horst's 'second mechanism of growth reduction'.

The confirmation of the constancy of the value of
zT =0.95 emphasizes the need to investigate the
mechanism by which the plant counteracts the effect
on growth of nematode densities up to T.

EXPERIMENTS WITH MELOIDOGYNE SPECIES

A good fit of a curve according to Equation (4) to
the relation between initial nematode density and
relative plant weights was also obtained for almost ail
experiments with Meloidogyne species (Fig. 5, data
and references in Table 4). A deviation of the relation
between initial nematode density and total plant
weight several months after planting from the relation
estimated according to Equation (4), due to a rapid
increase of population density of these species, was
described on theoretical grounds by Seinhorst
(1995b) and illustrated in his Fig. 4. This deviation
couId only be derived from the data in one experi
ment, viz., the description by Di Vito el al. (1991) of
the relation between initial density of second stage
juveniles of M. incognila and relative weights of the
fruits of susceptible tamatoes. An alternative inter
pretation of the data is given in Fig. 6. The interpreta
tion by a single curve according to Equation (3) in

the upper and lower class limits 2°·5 ). The same was
also done for densities P'i /Ti < 1. Average values per
nematode density class j of relative plant weights Yi'
in the different experiments according to Equation (6)
and of antilog's of average log (Pi /Ti )) = (PI1\ (Equa
tion (7)) were calculated and plotted in Fig. 4.
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nation is that, by the time reproduction had increased
population density considerably, the plants had become
insensitive to the new nematodes, presumably because
for these nematodes, m increased until it was too close
to 1. Seinhorst's (1995a, b) experiments with oat cyst
nematode on oats show that a very small m for a first
generation attacking shortly after sowing can go
together with a very large m for a later generation (or
after a considerable delay of the start of the first attack).
This might have occurred in the experiments men
tioned in Table 4 and Fig. 5. If also, as with the toma
toes, m for the growth reduction caused by the 'first
mechanism' was large, then only the 'second mecha
nism' (reducing the capacity of the plant to take up
water, with as a result increase of dry matter content
and ultimately wilting and death; Seinhorst, 1981)
remains as a cause of sma11 plant weights. However,
then the relation between nematode density and plant
weight can be expected to depart from the relation
according to Equations (2), (3), and (4), which is not
the case in the experimems summarized in Table 4.
Apan from the experiment of Fig. 6, an effeet of the
'second mechanism' could only be derived from the
relation between initial egg density of M. javanica and
the total plant weight of sunflower (Helianthus annuus)
in an experiment by Di Vito el al. (1996). In Fig. 7 the
data from this experiment were re-interpreted, resulting
in T =0.25 eggs and juveniles/g soil and m =0.43 for
the reduction of plant weight by the 'first mechanism'
according ta Equations (2), (3), and (4) with an addi
tional reduction of plant weight by the 'second mecha
nism' at densities > eight eggs and juveniles/g soil,
whereas there is no evidence of weight reduction by the
second and later generations. Experimental error is
considerably smaller according to the new interpreta
tion than according to the original one, fitting a single
curve according ta Equation (3) to the data.

It seems improbable, that there is either no effect of
the 'second mechanism' or that ail reduction at more
than about four eggs/g soil is due to it without depar
ture of the relation between initial nematade density
and plant weight from one according to Equations
(2), (3), and (4). A third mechanism that could affect
the relation between nematade density and plant
weight is growth stimulation by small nematode den
sities. However, it could hardly be expected to exceed
a few percent weight increase, too little to compensa te
a sizeable weight decrease by a second generation.
Average relative plant weights per class of nematode
densities, calculated as for Figs 1 to 3, did not reveal
any effect of growth stimulation.

Although the relation between root knot nematode
density and plant weight in the different experimems
is not understood, the available information could be
considered sufficient for agronomic purposes. This
means that one may assume that the results of these

•0.5

1

T
1

0 1

0 0.25 4

ence between the interpretation by Di Vito el al.
(1991) and the interpretation of Fig. 6 is a crop loss of
5% at P =0.43 second stage juveniles/g soil according
to the latter and no loss according to the former inter
pretation.

The pattern described above could be expected to
fit also to the results of the experiments with M. incog
nùa on susceptible and resistant tomatoes of Di Vito
el al. (1983). However, there are too few observations
at very sma11 initial egg densities to estimate the
weight of susceptible tomatoes in the absence of
nematodes. If there was any effect of the second and
later generations on relative plant weight of the sus
ceptible tomatoes it cannot be distinguished from
experimental error and would have resulted in a value
of m of at least 0.9.

The four relative weights at zero to one egg/g soil of
susceptible tomatoes in the experiment of Di Vito el
al. (1981) varied from 0.8 to 1.2 and did not supply
any information on possible effects of the second and
later generations on plant weight.

Contrary to what might be expected, root knot
nematodes did not affect plant weight in the experi
ments of Table 4, and Figs 5 and 7 in the same way as

in Fig. 6. The data fit closely to a relation according to
Equation (4). There is no indication of an effect of a
second generation with a much sma11er value of T than
for a first generation and a fairly large value of m (0.7 to
0.9). Moreover, T =0.2 or more eggs/ g soil in eleven of
the fifteen experiments with susceptible plants and,
therefore, about the same as for resistant plants without
a sizeable second generation. The only possible expla-

1'6 t 64 256
P (eggs and juveniles/g soil)

Fig. 7. Re-interpretalion of data /rom experiments on the rela
tion between initial population densiry of 2nd stage Juveniles of
Meloidogyne javanica and top weight of sun flower (Helian
thus annuus by Di Vito et aL, 1996). y =top weight divided
by estimated top weight in the absence of nemalOdes. Curve ac
cording 10 Equation (3).
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experiments are reproducible - apart from a correc
tion for incapacitation in sorne experiments of a large
percentage of the inoculum by the hypochloride treat
ments (Di Vito et al., 1986, 1991) - and that these
results will also apply in the field. But then it is
assumed without explicit proof, that, from about three
weeks after sowing or planting, plants (except egg
plant; see Table 4) become insensitive to growth
reduction by the 'first mechanism' resulting from
attack by root knot juveniles of the second and later
generations but remain sensitive to such growth
reduction by juveniles of the original population still
present in the soil. This is the paradox derived from
the data of an experiment with repeated inoculation
with Heterodera avenae eggs of soil with oat plants
(Seinhorst, 1995b). The problem is certainly worth
further investigation for both theoretical and practical
reasons (effect of delay of attack that is not explained
by the increased size of the plant).
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Summary - ProlOdorylaimus dalmassoi (Loof, 1985) Andr:'!ssy, 1988 is described and illustrared from material collected in twO
localities of peninsular Spain. Its relationships with species of the genera Prodorylaimus Andrassy, 1959 and Oxydiroides Altherr,
1972 is briefly discussed and its inclusion in PrOlodorylaimus Andrassy, 1988 is supported. © Orstom/Elsevier, Paris

Résumé - Observations sur Protodorylaimus dalmassoi (Loo}; 1985) Andrassy, 1988 (Nematoda: DorylainlOidea)
ProlOdorylaimus dalmassoi (Loof, 1985) Andrassy, 1988 est décrit et figuré a partir de mareriel collecté dans deux localités
d'Espagne péninsulaire. Ses relations avec les espèces des genres Prodorylaimus Andrassy, 1959 et Oxydiroides Altherr, 1972 sont
brièvement discutées et son appartenance au genre ProlOdorylaimus Andrassy, 1988 confirmée. «:; OrsromlElsevier, Paris

Keywords : nemarode, Oxydiroides, Prodorylaimlls, ProlOdorylaimus dalmassoi, taxonomy.

Laof (1985) described Prodorylaimus dalmassoi, an
atypica! species of the genus, from pastures in Bois de
Vergnes, France. Later, the taxonomic position of this
species became a subject of controversy: Andrassy
(1988) proposed it as a rype species of the new genus
ProlOdorylaimus, Jiménez Guirado (1990) studied a
few specimens from southern Spain and transferred
the species to Oxydiroides AJtherr, 1972, and, very
recently, Laof (1996) included it in a key for females
of the genus Prodorylaimus but without questioning
the validity of Prowdorylaimus.

One of the authors (DJG) collected additional
material of the species in a locality from the Cantabria
region, northern Iberian Peninsula. The study of the
Spanish specimens has allowed us to complete the
available information on the species and to discuss its
taxonomy.

Nematodes were extracted from soils or sediments
by Baermann's method Or Flegg's technique some
what modified, killed by heat, fixed in 4% formalde
hyde, and mounted in anhydrous glycerin according
to Seinhorst (1962) Or Siddiqi (1964) techniques.

Protodorylaimus dalmassoi (Loof, 1985)
Andrassy, 1988

(Figs l, 2)

MEASUREMENTS

See Table 1.
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DESCRIPTION

Female: Very large and slender nematodes, 4.0-5.6
mm long. Body cylindrical, tapering towards both
extremities but mOre so rowards the posterior end.
Habitus variable after fixation, mOre curved vemrad
in the posterior body region. Outer cuticle layer thin
throughout the body and with very fine transverse
striations. Inner cuticle layer wider than the outer one
and somewhat thickened on tail. Lateral chord occu
pying one-third of the midbody diameter, its margins
irregular at level of the vagina. Lateral pOres obscure.
Lip region rounded, continuous with body Or offset
by a very weak depression, 2.0-2.3 times as wide as
high and about one-fourth of the body diameter at
neck base. Labial and cephalic papillae weil visible but
hardly noticeable on the head outline. Cheilosroma
cylindrical, 2.7 times as long as wide; its walls some
what thickened and weakly sclerotized in the perioral
area. Odontostyle rather short, as long (0.9-1.0 times)
as the lip region width, and 6-7 times as long as wide;
aperture about two-fifths (42-43%) of the total neck
length. Odontophore rod-like, a little longer than the
odontostyle. Guiding ring apparently double. Pharynx
consisting of a slender but muscular anterior part
expending gradually into the basal bulb. Pharyngeal
bulb cylindrical, 12-14 times as long as wide and
occupying about two-fifths of the body diameter at
neck base and 49-58% of the total neck length. Pha
ryngeal gland nuclei and outlets often weil visible in
the four specimens examined: DO = 49-52%, SIN =
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Fig. 1. Protodorylaimus dalmassoi (Loo!, 1985) Andrâssy, 1988. A: Female lail; B: Entire female; C: Male poslerior body region;
D: Entire male; E: Spermatozoa; F: Female anterior genital branch; G: Phalyngeal bulb; H: Lip region in suiface view; 1: Same in
median view; J: Pharyngeal bulb base and cardia; K: Vulva in ventral view; L: Ulgina in ventral view; M: Spicule; N: Vagina in lacerai
view; 0: Same in submedian lacerai view.

470 Fundam. appl. Nemawl.



------A-D,F ----H ---E -G

Protodorylaimus dalmassoi

Fig. 2. Protodorylaimus dalmassoi (Loo/, 1985) Andràssy, 1988. A: Lip region in median view; B: Same in surface vieWj C: Vaginaj
D: Cardia; E: Female lail,' F: Vz.dva in ventral view; G: Male poslerior body region; H: Female anterior genital branch (Scale bars:
50f.lm).
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Table 1. Measuremems and diagnosricfearures ofProtodoryJaimus dalmassoi (Loof, 1985) Andrassy, 1988 (Al! measuremenrs in pm
excepr L in mm).

Vejo stream Yeguas river Valdeseiior stream Pasture
Vega de Liébana Cardeiia Saldafia Bois de Vergnes
Cantabria, Spain C6rdoba, Spain Palencia, Spain France

Qiménez Guirado, (Loof, 1985)
1990)

Female Female Male- Female Female Female Males
(Holotype)

n 10 4 1 2 1 4 2

L 4.9±0.4 4.1 4.7 4.5,4.7
(3.9-5.5) (4.3-5.4) (5.01-5.04) (4.03-4.7)

a 82.4±7.8 68.6 80.0 65.0,80.0
(69.5-92.7) (58.3-74.5) (70.4-72.5) (73.0-81.0)

b 7.9±0.4 7.1 7.9 7.8,8.1
(6.9-8.5) (7.0-8.8) (7.7-7.8) (6.8-7.9)

c 9.5±0.7 12.6 9.4 10.8, 13.9
(8.6-11.4) (7.0-9.7) (7.5-8.0) (9.4-14.1)

c' 14.7±1.3 9.8 14.3 8.5, 10.1
(11.7-16.1) (11.3-17.6) (15.3-16.8) (12.2-14.3)

V 40.2±1.8 38.0
(38.0-43.4) (34.6-38.0) (35.7-36.6) (38.0-41.0)

GI/Tl 8.3±0.5 9.7
(7.9-9.6) (10.0-13.0)

G2/T2 9.2±0.4 11.0
(8.7-10.1) (11.0-13.9)

Lip region:

- diam. 15.0 12.5 15.0
(10.5-14.5)

- height 4.0
(4.0-5.5)

Amphid aperture 8.0
(6.3-8.4)

Odontostyle 13.8±0.6 2.1 12.0 11.0, 12.0
(11.5-13.5) (12.5-13.5) (13.5-14.5) (11.0-12.0)

Odontophore 15.7±1.5 14.0 14.0 14.0
(13.0-18.0) (13.0-15.0)

Guiding ring 9.0
(8.0-10.5)

Nerve ring-ant. end 184±8.3 149
(174-203)

Neck length 601±30.6 561
(551-640)

Pharyngeal bulb 315±24.5 346
length (273-353)

Cardia: width
(12.0-17.0)

length
(8.0-19.5)

End of Table 1 nexr page.
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Protodorylaimus dalmassoi

Table 1. (conrinued)

Cuticle: head (2.0-3.5) (2.5-3.5) 3.5 2.5

- midbody (2.0-5.0) 3.5

- anus (3.0-7.5) 4.0

Body diam.: neck (54.0-64.0) ?
base

- midbody (55.0-71.0) ? 60.0

- anus 36.0 (40.0-42.0) 33.5 (17.5-18.0)

Lateral chord (11.0-24.0) 14.5

Ant. ovary/testes 99.9±16.5
(74.0-123)

Ant. genital branch 368±89.2 ? ? ?
(138-440)

Post. ovary/testes 98.2±19.1
(77.0-129)

Post. genital branch 388±89.6 ?
(368-486)

Vagina: length (29.0-40.5)

Vulva-anr. end 1986±167
(1628-2202) (954-1494) (1788-1844)

Prerectum 867±118 918
(648-1063) (691-815) (716-740)

Rectum/cloaca 43.0±2.5 46.5
(38.0-46.0) (34.5-39.7) (40.0-41.0)

Tail 520±52.6 327 504 317,442
(411-574) (450-736) (625-664) (404-504)

Spicules 73.5 76.0,78.0

Lat. guid. piece 13.5

Ventr. suppl 20 21,22

Spermatozoa 9.0

Tail hyal. part (92.0-145)

73-77%, S2N = 86-88%, DO-SIN = 23-27%,
DO-SzN =34-38%; SIN-SzN = 11-14%. Nerve ring
located at one-third (29-33%) of the total neck length.
Junction between pharyngeal bulb and cardia sur
rounded by a weak ring-like structure surrounding the
bulb base. Cardia rounded eonoid, as long as wide;
intestine tissue involving it somewhat behind the base
of the pharyngeal bulb and forming a rounded-eonoid
to eonoid extension 12-16 ~m long (eombined length
with the cardia 22-30 ~m) projeeting into the intestine
lumen. Three to five separated cell masses (probably
pseudocoelomoeytes) well visible at different siles
along the body. Genital system didelphic-amphidel
phie. Ovaries relatively short, not reaehing the ovi
duet-uterus junetion; oocytes not very numerous, first
in two rows, then in a single row. Oviduct joining the
ovary subterminally and eonsisting of a slender part
with prismatic cel1s and a moderately developed pars
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dila rara. Conspieuous sphincter present between ovi
duct and uterus. Uterus a relatively wide tube, 2.8-4.1
times the corresponding body diameter long; its por
tion adjacent to the sphincter somewhat dilated (pars
dilarara uœn), followed by an intermediate portion
with a rather creased wall and narrow lumen, and by
distal portion with less creased wal1 and clear lumen.
Vagina extending inwards 2/3 - 3/4 of the correspond
ing body diameter; pars disr.alis vaginae 18-22 X 24-30
~m or 1.3-1.4 times as long as wide; its wal1s slightly
sigmoid, convergent proximal1y and divergent distal1y,
and surrounded by weak musculature; pars refringens
vaginae with two wel1 separated peculiar-shaped (tri
angular) sclerotizations measuring 6 x 8 ~m and with
a combined width of 26-28 f.U11; pars proximalis vaginae
6 ~m long. Several cel1s visible in submedian view in
subdorsal position at level of the vagina. Vulva longi
tudinal. Cuticle with abundant irregularities near the
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vulva. Uterine egg 44 x 140 flm (3.2 times as long as
wide). Prerectum very long, 22.5-24 times the anal
body diameter. Rectum a Iittle longer (1.2-1.3 times)
than the anal body diameter. Tail long, filiform, taper
ing first rather abruptly and then very gradually to the
finely rounded tip; hyaline terminal part 88-92 flm.
Two pairs of caudal pores, one subdorsal, the other
lateral.

Male: General morphology similar to female but
with posterior part of the body strongly curved
ventrad and odontostyle slightly longer (1.2 times)
than the lip region d iameter. Prerectum 27.1 anal
body diameters long. Genital system diorchic with
opposed testes. In addition to the adanal pair, twenty
contiguous ventromedian supplements present begin
ning outside the spicules range. Spicules protruding
(n=I), somewhat curved ventrad and about 1.5 anal
body diameter long. Lateral guiding pieces not
observed. Tail and caudal pores as in female.

REMARKS

P dalmassoi has been collected in two localities in
northern Spain: Vejo stream, Vega de Liébana, Can
tabria, and Valdesenor stream, Saldana, province of
Palencia; and one site in southern Spain: Yeguas river,
Cardena, province of C6rdoba.

The material srudied is very similar to the type
population, with only small differences (odontostyle
slightly longer, irregularities of the cuticJe near
rhe vulva) which are interpreted as intraspecific
variability.

Laof (1985) described this 'species and recently
(1996) incJuded it in the species list of Prodorylaimus.
This genus, as understood by Laof (1996), is quite
hererogeneous and Îr certainly includes several mor
phological patterns whose evolutionary origin could
not possibly be a very recent common ancestor. In
this sense, it seems evident that P dalmassoi is an
arypical species within the genus: its very slender
body, peculiar lip region (resembling other taxa as
Dorylaimoides or sorne leptonchid and belondirid
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genera), very short odontosryle, and excessively long
prerectum constitute a series of peculiar traits which
could well belong to one of those morphological pat
terns. On the other hand, P dalmassoi shares (cf
Jiménez Guirado, 1990) sorne important features with
species of Oxydiroides (very slender body, shape of the
lip region, short odontostyle), but it differs from them
in other characters with higher taxonomic value
(longer pharyngeal bulb, heavily sclerotized vagina,
very long prerectum, and male supplements numer
ous and contiguous). In our opinion, P dalmassoi rep
resents a morphological pattern weil differentiated
from the species of both Prodorylaimus and Oxydiroides
and it must be classified in a separate genus. There
fore, we support Andrâssy's (1988) proposal of the
new genus Prowdorylaimus to accommodate this spe
cies (as type species of the genus) together with Prow
dorylaimus kazakhslanicus (Sagitov, 1973) Andrâssy,
1988.
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Summary - This article begins with a critical review of the article of Lamberti et al. (1992) with descriptions of X. brevu:ollum,
X. diffusum, and three new species (X. parvum, X. pseudoguirani, X. raylon), ail c10sely related to each other. After studying
rype specimens of these five species and pararypes of X. incognirum and X. shen, the present authors propose X. diffusum,
X. iruognitum, X. parvum, X. pseudoguirani, X. sheri, and X. taylori as junior synonyms of X. brevicollum. The second part of
the article includes a detailed characterization of the Xiphinema americanum-group and a list of its species. X. pachydermum,
X. brevisicum, X. longistilum, X. mesostilum, and X. mu:rostilum are excluded from the X. americanum-group. © Orstom/Elsevier,
Paris

Résumé - Le groupe Xiphinema americanum (Nematoda: Longidoridae). 2. Observations sur Xiphinema brevi
collum Lordello & da Costa, 1961 et commentaires sur le groupe - La première partie de cet article est consacrée à un
examen critique de la publication de Lamberti et al. (1992) traitant de X. brevicollum et X. diffusum et décrivant trois nouvelles
espèces (X. parvum, X. pseudoguirani, X. raylon), toutes très proches les unes des autres. Les observations faites sur des spéci
mens rypes de ces cinq espèces et sur des paratypes de X. incognitum and X. sheri, amènent les auteurs à proposer X. diffusum,
X. incognitum, X. parvum, X. pseudoguirani, X. shen et X. raylon' comme synonymes mineurs de X. brevicollum. Dans la seconde
partie, les auteurs caractérisent le groupe Xiphinema americanum et donnent la liste des espèces s'y rapportant. Des arguments
sont fournis pour exclure X. pachydermum, X. brevisicum, X. longistilum, X. mesosrilum et X. microstilum du groupe X. ameri
canum. © OrstomlElsevier, Paris

Keywords: Longidoridae, nematode, Xiphinema americanum-group, X. brevicollum.

Until 1979, what was called for the first time by
Tarjan (1969) the Xiphinema americanum-group con
tained only eight nominal species, the four most fre
quently recorded being: 1) X americanum: world-wide,
mostly tempera te, il) X brevicollum *: world-wide,
mostly tropical, iil) X opisthohysterum: tropical, mostly
in India, East Asia, and iv) X pachraicum, often cited
under the name of its junior synonym, X. mediterra
neum: North-West Asia and Mediterranean region.

The other four species, more rarely reported, were
two species from India (X. inaequale, X. lamberril) ,
one from Southern Europe (X. rivesl) and one from
Ma uritius eX silvaticum).

* The specifie epithete is modified from brevicolle (= short
neck) to brevicollum to conform ta Latin grammar. Collum, i,
neuter substantive must remain as such; 'colle' does not exist
in Latin.
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The four main species were easily differentiated
from each other, which made the situation deceptively
simple. Actually it was not very satisfactory and
several nematologists noted the extreme variability
recorded in X. americanum and suspected that it
might include several species (Lima, 1965, 1968;
Tarjan, 1969, 1973; Heyns, 1974). After studying a
large number of populations from world-wide origin,
Lamberti and Bleve-Zacheo (1979) restricted the
definition of X. americanum sensu stricto and described
fifteen new species to accomodate the variability
observed in X. americanum sensu laro. This publication
represented considerable work, and ail the specialists
in longidorid taxonorny should consider such a task
with respect. However, the new situation soon showed
itself to be less satisfactory than expected. No key was
included in the 1979 article to identify the 23 * spe
cies in the group. Later, partial keys were published
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by Lamberti and Agostinelli (in Anon., 1984) and
Ebsary et al. (1989) dealing with six and seventeen
species, respectively. A key to ail (39) species pertai
ning to the group was finally proposed by Lamberti
and Carone (1992); this key has been discussed in
detail earlier (Loof et al., 1993). However, the diagno
ses of the species described by Lamberti and Bleve
Zacheo (1979) are inappropriate, trying ta unravel the
relationships they described between the different spe
cies is like trying to get out of the Hampton Court
maze, and the illustrations are too restricted (only one
drawing of head and one of tail for each species) to
give information on the intraspecific variability.

Consequently, controversies exist concerning the
nature of the 'true' X. amencanum and specific identi
fication is very difficult in the group which creares
conflicts in published identification. As an example,
three populations from Peru were identified as X. flo
ridae, X. peruvianum, and X. inaequale by Lamberti
et al. (1987) but the first two were identified as
X. calijornicum and the third one as X. rivesi by Alke
made and Loof (1990).

So, it is evident that in its present state the X. ame
ricanum-group is composed of a number of species of
which the accurate determination remains ambi
guous, if not impossible.

As is often the case when specific identification
within a genus is difficult, several nematologists chose
to describe as new species the populations that could
not be easily attributed to one of the described spe
cies. This is certainly the case for several species
described after the publication of Lamberti and
Bleve-Zacheo (1979).

To clarify the relationships of the species in the
group, various authors used different methods, based
either on mathematical analysis of measured data or
on molecular techniques. Both approaches are briefly
discussed below.

Lamberti and Ciancio (1993) published a hierarchi
cal cluster analysis of morphometrics concerning
49 populations pertaining to the 39 species they
recognized in the group. This analysis resulted
in a dendrogram of similarity leading the authors tO
divide the X. americanum-group into five subgroups:
X. brevicollum-subgroup, X. americanum-subgroup,
X. taylon-subgroup, x. pachtaicum-subgroup, and
X. lambertii-subgroup. Examinating this dendrogram,
and more specifically the species represented by more

* One of these species (X. variabile Heyns, 1966) was later
(Loof & Luc, 1990) excluded from the X. ameri
canum-group; however, Brown and Halbrendt (1997) due ro
overall resemblance consider that species ro belong in the
group, but the exclusion is maintained here. X. silvalicum
was not included by Lamberti and B1eve-Zacheo (1979),
although the reference ro its description was given in the
reference lisr.
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than one population, one can note that sorne popula
tions are truly close to each other (average distance
between cluster [a.d.cl.] less than 0.3) for sorne spe
cies (X. californicum, two populations; X. pacijicum,
two populations), but that others are farther apart
(X. sheri: a.d.cl. = 0.42; X. diffusum: a.d.cl. = 0.45;
X. thornei: a.d.cl. = 0.6; X. amencanum : a.d.cl. =
0.7). The widest scattering of populations is seen in
X. brevicollum (a.d.cl. =about 1) for which two of the
three populations are placed in the X. brevicollum-sub
group and the third one in the X. americanum-sub
group, a rather surprising statement. There is no
doubt that if more numerous populations had been
used, the validity of these subgroups would have been
more seriously affected.

This attempt clearly demonstrates that the taxo
nomic situation in the X. americanum-group, i.e., the
relationship between the species cannat be established
univocally using a metric approach only.

MolecuJar techniques, and specificaJ1y restriction
fragment lengrh polymorphism and internai rran
scriber spacers of ribosomal DNA, have been applied
to clarify the relationships between sorne species of
the group (Vrain et al., 1992; Vrain, 1993). The
populations studied originated from Canada and USA
and were attributed to X. americanum, X. bricolense,
X. pacijicum , and X. nvesi. In sorne cases, 'mixed
populations' of two of these species were present. The
dendrogram of similarity resulting from this study
does not shed much light on the relationships between
the species studied. Considering only the true, i.e.,
monospecific, populations, it can be observed that the
seven populations of X. americanum are distributed
over the whole dendrogram, occupying its two
extreme lines. The four populations of X. rivesi form
two groups of two populations each, separated by
three populations of X. amencanum. Finally, X. bri
colense and X. paClficum, each represented by a single
population, are both situated in between X. amer-ica
num populations.

Therefore, it can be said that the above-mentioned
molecular techniques are able to separate populations
of related species pertaining to the X. america
num-group, but not the species themselves. These
techniques have proven their value in other groups,
and their potential should not be underestimated pro
vided they are used as a complementary approach,
not a substitute to 'classical' approaches.

For these reasons, the authors decided to return to
basics, i. e., look at type specimens of closely related
species, and see how they correspond or differ. This
has been for many years the basis of systematics not
without results. According to this pragmatic approach,
those species in the group having no or very little
significant differences would be placed into a single
species.
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Besides general remarks on the X. america
num-group and a revised definition of the group, the
present article constitutes a limited application of this
pragmatic approach, dealing only with X. brevicollum
and sorne related species. But it also analyses the sys
tem that resulted in the increase in number of species
to cornply with two a priori opinions: l) the limited
distribution of the majority of species; il) the relative
stability of the majority of the morphometric charac
ters.

The present article is mostly based on the publica
tion by Lamberti el al. (1992) in which X. brevicollum
is redescribed from tepotypes and compared to X. dlf
fusum and three new species close te these two species
were described.

Through the courtesy of Dr L.C.c.E. Ferraz, we
were able to obtain teporypes of X. brevicollum. They
are studied here, as well as paratypes of the other spe
cies treated by Lamberti el al. (1992).

X. brevicollurn and related species

COMMENT ON THE PUBUCATION OF LAMBERTI
ET AL. (1992) ON X. BREV1COLLUM AND RELATED
SPECIES

In that publication, the authors redescribed X. bre
vicollum from a topotype population and studied 25
populations pertaining te or related to that species.
They separated these populations into X. brevicollum,
X. diffusum and three new species: X. parvum,
X. pseudoguirani, and X. caylori.

Geographical discribullon of species

Lamberti's school puts a particularly strong empha
sis on the geographical distribution of species, even
using it as a character to separate sorne of them.

This is particularly true in the cited paper. Whereas
X. diffusum is recognized as a cosmopolitan species,
X. brevicollum is sa id te be restricted to Brazil and
(doubtfully) Peru. X. caylori is said to be an European
species and "it is likely that all previous records of
X. brevicollum from Italy and other European coun
tries should be referred te this species". This consti
tutes a rather surprising a priori statement. X. parvum
and X. pseudoguirani * do not count as they are repre
sented in the cited paper by one small population
each, from Jamaica and lV1adagascar, respectively. The
importance attached to geographical distribution is so
great that a population from Viçosa, Brazil (pop. X) is
said to pertain to X. brevicollum although in the den
drogram (Fig. 1 from Lamberti el al., 1992) it is situa
ted exactly on the same line as pop. M of X. diffusum

* Populations identified as X. pseudoguirani have also been
recorded from Aldabra, Seychelles and Papua New Guinea
(Heyns & Coomans, 1983, 1994; Hutsebaut el al., 1987).
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Obserualions on Xiphinema brevicollum

Fig 1. Variabiiizy of lail shape in Xiphinema silvaticum (Bar
= 30 J.1m; from Luc & Williams, 1978)

(from Mataven Otai, Easter Island). Similarly, pop. 0,
placed in the dendrogram between populations X
(X. brevicollum), M (X. diffusum) and L (X. diffusum)
is said to pertain to X. caylori because it was sampled
in Bulgaria. Reasons given in the text are that lip
region and tail shapes prevent populations X and 0
from being considered as X. diffusum. Perhaps this is
true, but such an argument casts doubts on the vali
dity of the dendrogram, based on measured charac
ters.

The world distribution of Xiphinema species is far
from being fully investigated, but many species appear
to have a wide distribution, and cases in which the
distribution apparently does not follow any logic are
not rare: why is X. ùaliae Meyl, 1953, apparently a
Mediterranean species most often associated with
vine, found in the 'bush' in South Africa or under nat
ural coyer on Aldabra Atoll? Why is X. hygrophilum
Southey & Luc, 1974, present in Ivory Coast and
Congo (Brazzaville) *, also found on Anjouan (one of
the Comoros Islands) and on vegetation close to a
spring in Israel? These are extreme examples, but
several species are common to West Africa and the
Caribbean area, to Pacific islands and South America
to the USA and Japan, etc. It would be very surprisin~
if many species of the X. americanum-group had, on
the contrary, a restricted area of distribution.

1mraspeclfic variabiliry

A second common practice of Lamberti's school is
to neglect intraspecific variability, at least concerning
lip area and (particularly) tail shape (variability was
considered for measured characters). As a conse
quence, only one drawing of a tail and one of an ante
rior end was published for each species. It would be
ve:y surprising if, contrary te the great majority of
Xlphznema species, no intraspecific variability existed
in the X. americanum-group. For example, the tail of

* New record.
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X. silvalicurn was described and illustrated as rather
variable in shape (Fig. 1). Such variability is most
probably not exceptional. Outline of lip area is gene
rally less variable than tail shape within a species
(Alkemade & Loof,1990). But even if this is true, it
would still be very difficult ta appreciate differences
between species described as having lip areas 'more
expanded', 'less expanded', 'more rounded', 'less
rounded' etc. Ir is difficult to avoid subjectivity in
defining such lip shapes with precision. In fact, only
three categories can be easily and clearly recognized
for the lip area: 1) perfectly continuous with the rest of
the body; ù) button-like, i.e., separated from the rest
of the body by a distinct constriction; iù) intermediate
shapes. In the last caregory, differences are very diffi
cult ra appreciare and they need ta be substantiated
by several detailed drawings or photographs.

We believe that these two working practices make it
possible to better understand the conclusion reached
by Lambertiet al. (1992).

Diagnoses

The specific diagnosis is of primary importance, as
it is the basis of the definition of the species, by stating
the character(s) or the combination of characters that
makes the species unique in the genus. Therefore, the
diagnosis must leave no doubt concerning the diffe
rences from the closest species, usually reported in the
'relationships' part of the description of a new species.

The characters used in the diagnoses of the five spe
cies discussed (X. brevicollurn, X. diffusum, X. parvum,
X. pseudoguirani and X. taylon) are: L, odontostyle
length, V, female genital branches (two), lip region
shape, and tail shape. The character 'female genital
branches' is irrelevant, as the females of a11 the species

of the X. americanum-group have rwo similarly deve
loped genital branches (interspecific differences exist
in structure of the female genital system, but they are
not taken into consideration by Lamberti's school).
These six characters are reported in Table 1. For each
species, data from diagnoses are given on the upper
line and the corresponding figures reported for
various populations studied in detail in the discussed
article are on the lower line berween square brackets.
The diagram (Fig. 2) repeats the population data in a
more intuitive manner. In both cases, only extremes
for ail populations of the same species have been con
sidered and the ratio c' is given, as it represenrs quite
accurately the degree of ta il elongation.

Validùy of the considered species

From these data it is evidenr that:

- L can only be used to separate X. parvum from the
other species;

- odonrastyle length can only be used to separate
X. pseudoguirani from the other species, but not from
sorne populations of X. brevicollum;

- V can be used to separate X. taylori from X. pseudo
guirani and most populations of X. parvum; but it
cannot separate X. brevicollum from the other four
species;

- lip region shape is said to be 'slightly set off' for
X. dlffusum and 'set off' for the other four species: this
does not help very much;

- ta il is said ra be 'short-conical' for X. brevicollum, X.
diffusum, and X. pseudoguirani; 'conical-elongate' for
X. parvum and 'broad' for X. taylori. Values of the
ratio c' confirm that the first three species are similar
to each other and that X. parvum is differenr, but it
fails to separa te X. taylori from the first three species:

Table 1. Data taken inw consideration by Lamberti et al. (1992) in the diagnoses ofXiphinema brevicollum, X. diffusum, X. par
vum, X. taylori, and X. pseudoguirani.

L (mm)

Odontosryle (/lm)

v

Genital branches

Lip region

Tail

[c']

X. brevicollum

ca 2*
[1.8-2.3]**

ca 100
[83-109.5]
mid-body

[47-55]
equal

set-off

short-conical

[0.9-1.1]

X. dijjusum X. parvum X. taylon X. pseudoguirani

1.7-1.8 1.6 2.3 1.9
[1.6-2.0] [1.4-1.6] [1.8-2.5] [1.8-2.0]

85-87 93 94-95 111
[82-96] [89-98] [86.5-100.5] [107-117]

mid-body 53 mid-body 54.5
[47-53] [51-56] [48-52] [53.5-56]
equal equal equal equal

slighrly set-off set-off set-off set-off

short-conical conical elongate broad short conical

[0.8-1.1] [1-1.4] [0.8-1.1] [0.7-0.8]

* data given in the diagnosis itself.
** [data given in the text].
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Observalion5 on Xiphinema brevicollum

L X. br. __1_'::::-__
x. di.

X. pa.

X. ta.
x. ps

1.4 1.6 1.8 20 2.2 2.4 2.6 mm

Odontoslyle X. br. 1••.l=~:~iiiiiii;;~~~~III•••iiiliiillIIIX. di.

X. pa.

X. ta.
X. ps

82 90 100

V x.br.==~X. di.

X. pa.

X. ta.
X. ps.

110

47 49 51 53

c' X. br. :::E~X. di.

X. pa.

X. ta.
X.ps. _

55 57

0.7 0.9 1.1 1.3 15

Fig. 2. Meerie eharaClers used in che diagnoses of Xiphinema brevicollum (X. br.), X. diffusum (X. di.), X. parvum (X. pa.),
X. taylori (X. ta.) and X. pseudoguirani (X. ps.) (datafrom Lamberti et al., 1992).

c' is exactly the same in X. dijfusum and X. taylori
(0.8-1.1), but a little lower in X. pseudoguirani
(0.7-0.8). However, in short-tailed species, c' often
varies depending on the way the ta il is measured and
here, subjectivity may be an important factor. Draw
ings and/or photographs are essential for comparison.
Flanening may also modify c' considerably. Conse
quently, c' is useful only to a limited extent in short
tailed species.

The decision concerning the placement of popula
tion X in X. brevicollum and population 0 in X. taylon:
makes it difficult to understand Fig. 2 of Lamberti et
al. (1992), reproduced here as Fig. 3A, representing
the "scanerplot of 25 populations of [the five] Xiphi
nema species on the first and second principal axis".
In the original diagram, plain lines separa te four
groupings of letters, each of them representing a pop
ulation. No explanation is given concerning these
groupings. They have to be interpreted as follows: one
contains only X. parvum (pop. A), a second group
includes two populations of X. brevicollum 0/, W) and
one of X. pseudoguirani (pop. Y), the third group
includes six populations of X. taylon' (P, Q, R, S,
T, U) and the fourth group includes the thirteen
populations of X. dijfusum (B-N), one population of
X. taylori (0), and one population of X. brevicollum
(pop. X).

Vol. 21, no. 5 - 1998

To comply with the placement of pop. 0 in X. tay
lori and pop. X in X. brevicollum, the groupings limits
have to be modified as in Fig. 3B.

In Fig. 3B, the areas representing the distributions
of populations of X. brevicollum, X. dijfusum, and
X. taylori look like intricate jigsaw puzzle pieces. The
logical conclusion is to consider that they aH pertain
to a single species; in particular, pop. 0 (X. taylon)
and pop. L (X. diffusum) appear c10ser to each other
than to other populations of the respective species of
reference. Ir must be noted that the plotting used the
mean values of each population. If the values referring
to each specimen had been ploned, the graph would
certainly show a single cloud.

Remarks and preliminary conclusion

From ail these observations, it can be stared that
X. brevicollum, X. diffusum and X. taylori have identi
cal morphological characters and very similar, if not
identical, measurements. Apart from the lip area, said
to be 'slightly set-off' in X. taylori, and 'set-off' in
X. brevicollum and X. dlffusum, these three species are
remarkably similar. In particular, tail shape is identi
cal. Moreover, when the diagram resulting from the
principal component analysis produced by Lamberti
et al. (1992), is analysed as in Fig. 3B, far from mak
ing it possible ta differentiate X. brevicollum, X. diffu-
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x. diffusum

-4 -2 0 2 4

FIRST PRINCIPAL COMPONENT

distribution accepted for X. diffusum weakens the
validity of such a 'character'.

Furthermore, it should be stressed that although
males do occur occasionally and seem to be func
tional, all these forms normally reproduce through
parthenogenesis (no sperm found in females) which
means that each population represents a clone or pos
sibly a mixture of several clones. One couId agree that
geographically more widely separated populations
may differ more from each other than populations
that occur in adjacent areas, but there is no genetic
evidence for this and the morphological evidence can
be severely criticized as mentioned above. Even if
there were morphological differences, it wouId be very
difficult to draw boundaries between populational dif
ferences and specific differences. A mixture of clones
in a variable habitat may present larger variations than
observed among single clones from different localities.
This was clearly illustrated for X. elongatum Schuur
mans Stekhoven & Teunissen, 1938, also a partheno
genetic species, in the following way: when studying
Xiphinema species associated with sugar cane in Mau
ritius, Williams and Luc (1977) observed two forms
of X. elongatum. If the authors had not taken into con
sideration the intraspecific variation, they could have
proposed these two forms as two different species. An
extensive study by Luc and Southey (1980) on 22
populations of X. elongatum from various places in the
world showed that they present sorne geographical
variation. Two groups could roughly be recognized:
one comprising populations from West Africa and one
population from Mauritius (pop. 17), the other com
prising populations from East Africa, Madagascar,
Mauritius (pops 15 and 16), the Pacific region, and
one population from Nigeria. Note that the Mauritian
pops 16 and 17 occurred together in the same locality
thus forming a metapopulation. From these observa
tions, it is evident that the 'geographical factor' can
not be used to separate species, as proven by the
presence of a Mauritian form in the West Africa
group, and conversely of a Nigerian form in the East
Africa-Pacific group.

Parthenogenetic species can more easily colonize
new areas (a single specimen is all it takes). Therefore,
they are often more widespread than amphimictic
species. Ali this makes a single widespread partheno
genetic species with sorne variation in its morphology
- and probably also in its genome - more likely than
several species with sorne slight differences in mor
phometrics.

The case of X. parvum and X. pseudoguirani is
somewhat different. The data from Table 1 and Fig. 2
indicate that the other four species are separated from
X. parvum (by its shorter body) and from X. pseudo
guirani (by its longer odontostyle). However, if we
consider (Fig. 3) the mean values of the measured
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Fig. 3. Scauerplot of 25 populations (irldicated by letlers) of){j
phinema brevicollum, X. diffusum, X. parvum, X. taylori
and X. pseudoguirani on the first and second principal compo
nems. A: As illustrated in the article of Lamberti et al. (1992);
B: As corrected according 10 the text of the same publication.

sum, and X. taylori, it actually supports the conspecific
identity of these species.

Ir seems impossible to clearly separate these species,
except by using the 'geographical factor', but the wide
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Observations on Xiphinema brevicollum

Table 2. Morphometrics ojXiphinema brevicollum and X. diffusum (ail measurements in pm, except L in mm).

X. brevicollum X. diffusum

(topotypes; original) Paratypes Type pop. Other pops*

(orig.) Lamberti & Bleve-Zacheo
(1979)

JI J2 J3 J4 Female Females Females Females

n 4 6 3 7 25 9 10 66

L (0.67-0.70) (0.80-0.95) (1.08-1.16) (1.36-1.60) 1.92±0.122 1.75 1.7
(1.7-2.16) (1.56-1.85) ( 1.6-1.8) (1.3-1. 9)

a (36-40) (35-41) (40-42) (40-45) 46.1±1.72 46.2 47
(44-51) (42-51) (46-51) (30-57)

b (3.5-4.2) (4.0-5.4) (4.2-4.9) (4.3-5.4) 5.92±0.37 6.4 6.9
(5.1-6.7) (5.1-9.0) (5.3-8.9) (4.2-7.5)

c (21-22) (26-32) (34-42) (50-59) 76.9±5.64 70 72
(67.6-89.9) (62-76) (63-84) (48-89)

c' (2.6-2.8) (1.8-2.2) (1.4-1.9) (1.1-1.3) 0.96±0.06 1.0 0.9
(0.89-1.10) (0.9-1.1) (0.8-1.1) (0.7-1.2)

V 53± 1.9 50 50
(50-55) (49-51) (47-52) (49-57)

Up reg. diam. 11.5 11 Il
(7.2-7.7) (8.0-9.0) (8.8-11.0) (9.9-11.0) (11-13) (11-12) (10-12) (9.5-13)

Od. style 101±6.14 92.5 87
(42-48) (48-63) (67-69) (82-88) (89-110) (90-95) (84-89) (71-99)

Od. phore 59±3.43 52.5 50
(34-37) (35-40) (41-44) (46-52) (50-64) (50-55) (48-51) (50-55)

Stylet 159±8.05 145
(79-83) (84-103) (109-113) (124-139) (144-173) (140-149)

Rep!. od. style
(58-62) (67-70) (81-88) (92-113)

Guid. ring 86.0±4.23 69 62
(37-40) (42-51) (57-60) (66-76) (77-92) (65-72) (60-64) (60-95)

Tai! 26.0±1.71 25 24
(31-32) (30-36) (28-33) (25-31) (23-28) (22-28) (21-28) (18-33)

Body diam. 26 26 25
anus level (11-12) (13-16) (17-19 (20-25) (22-29) (24-29) (23-28) (20-31)

* ln this column are recorded the overail extreme values of each item given by Lamberti and Bleve-Zacheo (1979) for nine
populations they considered as X. diffusum: IWO popularions from Malawi (n = 10 and 6), one from Transvaal, South African
(n =8), IWO from Ivory Coast (n =8 and 4), one from Gambia (n = 6), one from Sri-Lanka (n =5), one from Florida, USA
(n = 10), and one from Jamaica (n = 10).

characters reported for several populations of the five
species (extracted from Table Il in Lamberti et
al., 1992), the separations are no longer obvious: mean
body lengths of populations of X diffusurn are very
close to that of X. parvurn, thus forming a continuum,
and mean value of odontostyle length is only 3 /lm
higher in X. pseudoguirani than in the extreme value
for means of X. brevicollurn. Ir should also be noted
that only one population each was measured for
X. parvurn and X. pseudoguirani in the analysed arti-
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cle, each represented by a low number of specimens
(eleven and four, respectively). Populations certainly
exist, perhaps reported in the literature, with interme
diate values. For example, Laof and Sharma (1979)
reported from Brazil a population of X. brevicollurn
with odontostyle length is 90-110 /lm. Heyns and
Coomans (1994) later reported a specimen of X. pseu
doguirani from Mahé, Seychelles, with an odontostyle
101 /lm long. These two reports fill the gap between
X. brevicollurn and X. pseudoguirani for this character.
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Species n Ovejecror lengrh (in ~m)

X. &revicollum ** 5 61.5
(53-77)

X. diffusum * 2 70,84

X. incognùum * 1 76

X. laylori* 1 43

X. sheri* 1 44

X. parvum* 2 34,36

X. pseudoguirani

- pop. Madagascar* 2 27,32

- pop. Aldabra 2 32,45

- pop. Seychelles 3 43,48,50

* pararypes.
** roporypes.

Table 3. "Ovejeceor" /ength in the species swdied.

To sum up, from the analysis of the publication of
Lamberti et al. (1992), we can legitimately suspect that
X. diffusum and probably X. taylori, X. parvum, and
X. pseudoguirani are identical to X. brevicollum. The
second part of this article presents sorne date suppOrt
ing this opinion.

OBSERVATIONS ON TYPE SPECIMENS OF THE SPECIES
STUDIED

Type specimens have been examined for each of the
five species mentioned above: pararypes for X. diffu
sum, X. parvum, X. pseudoguimni and X. taylori, and
toporypes for X. brevicollum. Ir did not seem necessary
to give complete redescriptions of the populations
examined, but rather to focus on the main characters
used for the differentiation of species in the group.

As discussed above, measured characters cannot be
used for separating the five species. This was con
firmed by measurements on type specimens of
X. brevicollum and X. diffusum as given in Table 2.
This Table also includes measurements by Lamberti
and Bleve-Zacheo (1979) for the type population of
X. diffusum and (last column at right) the extreme
values for the nine other populations of X. diffusum
combined, as reported in the same article. From these
data, it is obvious that X. diffusum presents a large
variabiliry in several characters, including those con
sidered as discriminant between species, namely
odontostyle length and ratio V. Such a variabiliry can
not be ignored when comparing species with each
other.

Head end profiles (Fig. 4) are similar in the five spe
cies and can be defined as flat-rounded, separated
from the rest of the body by a shallow depression.
Photographs of seventeen females from topotype

Fig. 4. Head ends of females. A: Xiphinema brevicollum;
B,C: X. diffusum; D: X. ray1ori; E: X. pseudoguirani; F-G:
X. sheri; H: X. parvum; 1: X. incognirum (ail drawingsfrom
paratypes except A, /rom wpOlypes. Bar =20 pm).

population of X. brevicollum (Fig. SA-Q) demonstrate
the constancy of the labial profile, at least among a
single population. Figs 4 and S show that, while the
profiles are similar in ail the species, the labial diame
ter seems narrower in X. pseudoguirani (Figs 4H; SR)
and larger in X. taywri (Figs 4D; SS, T). However,
these differences are small compared to the wide
variations of the labial diameter (9.S-13 llm) in
various populations of X. diffusum (Table 2, last
column). Actually, the labial profile appears to be one
of the most constant characters at population and,
probably, species level. The amphidial slits have about
the same length for each species, and they are always
siruated at the level of the depression.

In ail species, the two female genital branches
(Figs 6, 7) are of the same length and include short
uteri acting as a poorly defined ove jector; each uterus
is connected ta the oviduct by a small and often indis
tinct sphincter. Differences in the overalllengrh of the
genital branches, as represented ln Fig. 6, are related
mostly to the various stages of developementlmaturity
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Observalwns on Xiphinema brevicollum

Fig. 5. Head ends of female. A-Q: Xiphinema brevicollumj R: X. pseudoguirani; S, T X. taylori (PhoLOgraphs from loporypes
[A-Q] and paralypes. Bar::: 20 pm).

and they do not differentiate the species. However,
sorne differences in length of the uterine part ('ove
jector') are observed. From the values reported in
Table 3, several groups can be described: 1) X. diffu
sum and X. incognitum with a long 'ovejector'
(70-84 ~m); ù) X. taylon', X. sheri, X. par'vum and
X. pseudoguirani with a short 'ovejector' (27-50 ~m);

and iù) X. brevicollum with an intermediate 'ovejector'
(53-77 )lm). However, the low number of specimens
examined for that structure and the nearly continuous
values from 27 to 84 ~m - with a gap of only 3 ~m

between the second group and X. brevicollum 
demonstrate that, at least in this case, the length of the
'ovejector' may not constitute a valid specific charac
ter. In addition, this structure is difficult to observe

Vol. 21, no, 5 - 1998

and measure accurately, which precludes its use for
determination.

Tails of ail of these species have similar profiles
(Fig. 8): conical-rounded, with dorsal curvature more
important, and with ventral profile continuous with
that of the precaudal part of the body; extremity
rounded. As usual, sorne individual variations do exist
within sorne populations, as illustrated for X. brevicol
lum (Figs SA-Ci 9A-Q). In Fig. 9, seventeen photo
graphs of female tails from a topotype population of
X. brevicollum are given. Although the general profile
of the tail appears constant, sorne variability does
exist, essentially in the tail terminal part which is more
or less pointed. The terminal profile varies from a
rather large curve (Fig. 9B, D, G) to a distinctly nar
rower curve (Fig. 9Q), al! intermediate profiles being

483



M. Luc et al.

IlIl

D

.... /

cBA

1

\ ~ \\

F

Fig. 6. Female reproduclive system. A : X. parvum; B: X. diffusum; C: X. pseudoguiranij D : X. sheri; E : X. incognirumj
F: X. brevicollum (Al! drawings from pararypes, excepl F from IOporype. Bar =50 j1m).

present. Photographs of tails of X. laylori paratypes
(Fig. 9S, T) confirm the similarity in structure and
profile with tails of X. brevicollum. The tail of X. pseu
doguirani paratype (Fig. 9R), although shorter, also
conforms to the general profile defined above. It is
evident that sharper differences also exist among
populations. The tail of X. parvum is slightly smaller
and relatively more elongated than in the other species

(Fig. 8). But such minor variations ln size do not
affect the definition of tail profile.

OBSERVATION ON SOME OTHER SPECIES

Xiphinema sheri Lamberli & Bleve-Zacheo, 1979

When originally described, this species was com
pared only to X. brevicollum and the following charac
ters were given as diagnostic: 1) smaller size (1.6-1.9
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Fig. 7. Vu/va, vagina, and ovejeclOr region. A, B : X. brevicollum; C, D : X. diffusum; E, F: X. pseudoguirani; G : X. taylori;
H: X. sheri; 1: X. incognitum; J, K: X. parvum (Ali drawings from paralypes, excepl A, B from lOpolypes. Bar =20 jtm).
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F
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Fig. 8. Female lails. A - C: X. brevicollumj D, E: X . raylorij F: X. pseudoguiranij G, H: X. diffusumj 1, J: X. parvumj K:
X. incognitum (subvemral position)j L, M: X. sheri (Al! drawings Jrom paralypes, excepl A - C from lOpolypes. Bar =20 j.1m).

vs 2.0-2.6 mm), it) lower c value (51-77 vs 69-115),
iit) lip region less expanded, IV) longer odonrosryle
(97-112 vs 86-100 ~lm), and v) vulva posrerior
(V =51-56 vs 49-53).

Measuremenr raken on rhe holorype and one femaJe
para type are as follows:
Holotype. L = 1.67 mm; a = 37; b = 5.1; c = 69;
c' =0.9; rail =24 !lm; V =54; lip reg. diam. =11 !lm;

486

odonrostyle =III !lm; odonrophore =55 !lm; styler =
166 !lm; guiding ring =52 !lm.
Paratype. L = 1.77 mm; a = 40; b = 5.2; c = 80;
c' =0.8; rail =22 !lm; V =55; lip reg. diam. = Il !lm;
odonrostyJe = 113 !lm (?); odonrophore = 57 !lIl1;
styler = 170 !lm; guiding ring = 54 !lm.

These morphomerric dara are nor significanrly dif
ferenr from the corresponding dara in the ropotype

Fundam. appl. NemalOl.



Observalions on Xiphinema brevicollum

Fig. 9. Female lails. A-Q: Xiphinema brevicollum; R: X. pseudoguirani; S, T: X. taylori (PhoLOgraphs from loporypes [A-Q] and
paralypes. Bar = 20 J1m).

population of X. brevicollum (Table 2). The profile of
the lip region (Fig. 4A, F, G), the structure of the
genital tract (Figs 6D, F; 7A, B, H), and the tail pro-
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file (Fig. 8A-C, L, M) are quite similar. Thus, no con
sistent differences could be found between X. shen·
and X. brevicollum.
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Xiphinema incognitum Lambeni & Ble-ve-Zacheo, J979

In the original description, this species was com
pared only to X. diffusum and the following differences
were noted: 1) cuticule finely srriated vs smooth, il) lip
region less expanded, and iil) ta il more elongate
(c' =0.9-1.3).

Measurements taken on twO pararype females are as
follows:

L = 1.96,2.08 mm; a =45, 51; b =6.0, 6.6; c = 63,
68; c' =1.0, 1.1; V =48, 53; tail =29, 33 /lm; lip reg.
diam. = Il /lm; odontostyle = 95, 98 !lm; odonto
phore = 53, 54 !lm; stylet = 149, 151 /lm; guid. ring =
73,78 !lm (note that in the original description, odon
tosryle length of pararypes was 82-93 flm).

No unique feature in cuticular surface structure
couId be detected on the specimens examined and the
cuticle of aH species of Xiphinema is finely srriated.
Moreover, no significant differences are observed con
cerning the lip area profile (Fig. 41), the female repro
ductive system (Figs 6E; 71), or the tail profile
(Fig. 8K). The 'ovejector' is rather long but compara
ble to that observed in sorne X. brevicollum specimens.
The tail of X. incognilum appears slightly more
rounded, but this is due to the subventral position of
the specimen on the slide. So, no consistant differ
ences could be found between X. incognilum and
X. brevicollum.

Conclusion

The conclusion of the present study is that no cons
tant or sufficiently documented differences have been
observed between the seven species examined, hence
they are considered as pertaining to the same taxon.
Consequently, X. diffusum Lamberti & Bleve-Zacheo,
1979, X. incognilum Lamberti & Bleve-Zacheo, 1979,
X. parvum Lamberti, Ciancio, Agostinelli & Coiro,
1992, X. pseudoguirani Lamberti, Ciancio, Agostinelli
& Coiro, 1992, X. sheri Lamberti & Bleve-Zacheo,
1979, and X. taylori Lamberti, Ciancio, Agostinelli &
Coiro, 1992 are proposed as junior synonyms of
X. brevicollum Lordello & da Costa, 1961.

The present action does not exclude the possibility
that future examination of other species pertaining to
the X. americanum-group may result in proposing the
synonymization of sorne of them with X. brevicollum.
This is the reason why, at the present state of this
re-appraisal of the X. americanum-group it appears
difficult and not particularly useful to produce an
emended diagnosis of X. brevicollum.
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SPEC1ES PERTAINING TO THE GROUP

Resulting from the above synonymizations, the
X. americanum-group now includes 34 valid species
and IWO species inquirendae.

Valid species

X. americanum Cobb,1913
= rylencholaimus americanus (Cobb, 1913)

Micoletzky, 1922
X. bacaniboia Orton Williams, 1984
X. brevicollum Lordello & da Costa,1961

=X. saopaoloense Khan & Ahmad,1975
= X. americanum apud Carvalho,1955, 1962
=X. diffusum Lamberti & Bleve-Zacheo, 1979

(n. syn.)
=X. incognitum Lamberti & Bleve-Zacheo, 1979

(n. syn.)
=X. parvum Lamberti, Ciancio, Agostinelli &

Coiro, 1992 (n. syn.)
=X. pseudoguirani Lamberti, Ciancio, Agostinelli

& Coiro, 1992 (n. syn.)
=X. guirani apud Lamberti & Bleve-Zacheo, 1979
=X. sheri Lamberti & Bleve-Zacheo, 1979

(n. syn.)
=X. taylori Lamberti, Ciancio, AgosrineHi &

Coiro, 1992 (n. syn.)
X. bricolense Ebsary, Vrain & Graham, 1989
X. californicum Lamberti & Bleve-Zacheo, 1979
X. cilricolum Lamberti & Bleve-Zacheo, 1979
X. duriense Lamberti, Lemos, Agostinelli & d'Ad-

dabbo, 1993
X. floridae Lamberti & Bleve-Zacheo,1979
X. fortuilum Roca, Lamberti & Agostinelli,1988
X. franci Heyns & Coomans, 1994
X. georgianum Lamberti & Bleve-Zacheo,1979
X. inaequale Khan & Ahmad,l 977, nom. nov. pro
X. neoamericanum Khan & Ahmad,1975, junior

homonym of X. neoamericanum Saxena, Chabbra
& Joshi, 1973

X. incertum Lamberti, Choleva & Agostinelli,1983
X. intermedium Lamberti & Bleve-Zacheo, 1979
X. kosaigudense Quraishi & Das, 1984
X. laevistriatum Lamberti & Bleve-Zacheo,1979
X. lambertii Bajaj & Jairajpuri, 1977
X. luci Lamberti & Bleve-Zacheo,1979
X. madeirense Brown, Faria, Lamberti, Halbrendt,

Agostinelli & Jones, 1993
X. occiduum Ebsary, Poner & Allen, 1984
X. opisthohysterum Siddiqi,1961
X. oxycaudatum Lamberti & Bleve-Zacheo,1979
X. pachtaicum (Tulaganov,1938) Kirjanova,1951

= Longidorus pachtaicus Tulaganov,1938
=X. mediterraneum Martelli & Lamberti,1967
= X. neoelongatum Bajaj & Jairajpuri, 1977

Fundam. appl. Nematol.



X. pacijicum Ebsary, Vrain & Graham,1989
X. paramonovi Romanenko, 1981

=X. paramericanum Romanenko, 1973, nomen
nudum

X. peruvianum Lamberti & Bleve-Zacheo, 1979
X. rivesi Dalmasso, 1969
X. santos Lambeni, Lemos, Agostinelli & d'Addabbo,

1993
X. silvaticum Luc & Williams, 1978
X. simile Lamberti, Choleva & Agostinelli, 1983
X. tarjanense Lamberti & Bleve-Zacheo, 1979
X. tenuicutis Lamberti & Bleve-Zacheo, 1979
X. thornei Lambeni & Golden,1986
X. utahense Lamberti & Bleve-Zacheo,1979

Species inquirendae

X. neoamericanum Saxena, Chabbra & Joshi, 1973
X. sharmai Luc, Laof & Brown, 1985, nom. nov. pro
X. indicum Sharma & Saxena, 1981, nec X. indicum

Siddiqi, 1959.

Remarks

X. pachydermum Sturhan,1983 was excluded from
the group by Laof and Luc (1990) but included by
Lamberti and Carone (1992). X. pachydermum
together with four species described from Portugal by
Lamberti et al. (1994), i.e., X. brevisicum, X. longis
tilum, X. mesostilum, and X. microstilum, were placed
by these authors in the X. americanum-group, and
Brown and Halbrendt (1997) accepted this move.
The present authors disagree with it for the following
reasons. It is true that these five species share sorne
characters considered as specific of the X. america
num-group, i. e., relatively short body length, coiled
habitus, posterior position of the vulva, and backward
position of the posteriormost ventromedian male
papilla. However, they differ by several characters
considered as more important for the characterization
of the group: 1) males common and reproduction
apparently amphimictic, il) no symbionts in the
oocytes, iil) uterus unipartite, of medium length and
distinct from the ovejector, iv) oviduct with normal
structure. Note that these data were confirmed by
observations made by the authors on paratypes of the
five mentioned species. Consequently, it seems prefer
able to consider these five species as constituting a
complex of species close to, but distinct from, the
X. americanum-group. This complex, the X. pachyder
mum-group, links the species placed in the X. america
num-group with other species of the genus. This is
confirmed by the fact that X. mesostilum seems to
be intermediate between the X. americanum-group
species and the X. pachydermum-group: its female
reproductive system is similar to that of the other
X. pachydermum-group species except for the pres-
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ence of symbionts in the ovaries. These symbionts,
however, are less numerous and arranged in parallel
strands in the wall of the ovaries, which possess large
oocytes (Coomans, unpubl.). Males are common in
X. mesostilum.

X. sharmai is tentatively placed in the X. ameri
canum-group despite its great body length (2.53
3.20 mm). For further details, see Luc et al. (1985).

CHARACTERS OF THE XIPHINEMA AMERICANUM
GROUP

The characters used to define the X. america
num-group are the following (amended from Laof and
Luc,1990):
- habitus usually in close C-shape or spiral,
- body small, under 2.2 mm (exceptions: X. bacani-
boia, up to 3 mm; X. sharmai sp. inq., up to 3.2 mm),
- stylet robust, its length rarely exceeding 150 lill1
(exceptions: X. bacaniboia, 270-290 ~m; X. silvaticum,
187-204 ~m),

- tubular part of pharynx relatively wider than in
other species of Xiphinema and gradually expanding
into the bulb; as a consequence the bulb is less dis
tinctly offset,
- nuclei in the pharyngeal bulb occupying positions
different from those in other species of Xiphinerna:
DN further from DO, SN further backward,
- V generally 50 or more,
- female genital branches equally developed, generally
short; undifferentiated uterus of medium length, usu
ally not clearly demarcated from an ove;ector; slender
part of the oviduct not clearly demarcated from the
poorly developed pars dilatata,
- symbionts present in the intestinal ceUs of ;uveniles
and occasionally in adults; always in the ovaries,
- tail short (c' under 2.5), broadly rounded, conoid
rounded or regularly conical to slightly subdigitate,
- males very rare or unknown; females devoid of
sperm,
- males with five or more medioventral supplements,
the posteriormost usually lying within the spicule
range,
- three or four juvenile stages.

It must be stressed that the most striking character
of the group is the very particular structure of the
female genital system, mainly the poor differentiation
of the gonoduct and the presence of symbionts in the
ovaries. This was the reason why X. bacaniboia,
although presenting characters unusual in the group 
great body and stylet lengths - was included (Coo
mans & Luc, 1998). Similarly X. pachyderrnurn
Sturhan, 1984 and four related species (the X. pachy
derrnurn-group) are excluded from the X. america
num-group because of their 'normal' female genitaJ
system (see above).
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Summary - Two new Longù:wroides species are described from South Africa, and compared with L. strelitziae, which they
closely resemble. L. seinhorsli n. sp. is distinguished by a unique amphid structure, while L. Jacobsi n. sp. is characterised by a
very small amphid aperture, slender body, truncate lip region, and short odontosryle. Jacobs and Heyns (1982) previously iden
tified specimens of this species as L. strelitziae. Sorne comments are made on L. slrelitziae after the type specimens of this species
were examined. Comments are also made on the status of genera in the Longidoridae. © Orstom/Elsevier, Paris

Résumé - Description de deux nouvelles espèces ck Longidoroides (Nernatoda: Dorylairnida) d'Afrique du Sud et
note sur L. strelitziae (Heyns, 1966) - Deux nouvelles espèces de Lcmgidoroides d'Afrique du Sud som décrites et comparées
à L. Slrelilziae dont elles sont très proches. L. seinhorsli n. sp. est caractérisé par la structure unique des amphides, alors que L.
Jacobsi n. sp. est caractérisé par une ouverture amphidiale réduite, un corps étroit, une région labiale tronquée et un odomosryle
court. Jacobs et Heyns (1982) avaient prélablement identifié les spécimens de cette espèce comme L. sl1"elilZiae. Des commen
taires sont faits sur L. slrelitziae dont des spécimens types Ont été examinés ainsi que sur le statut des genres de Longidoridae.
© OrstomlElsevier, Paris

Keywords : Nematoda, Longidoridae, L. Jacobsi n. sp, L. seinhorsti, n. sp., Longidoroides strelitziae.

Longidoroides strelùziae (Heyns, 1966) Khan,
Chawla & Saha, 1978 was described from Port
St. Johns in the Transkei, Eastern Cape Province,
South Africa. In 1982 Jacobs and Heyns gave a short
description of six specimens collected in sugar cane
fields in two nearby localities in northern Kwa
Zulu-Natal. These specimens were identified as
L. strelùziae in spite of several morphological differ
ences. Recently, the author examined two new Longi
doroides populations resembling L. strelùziae. The first
one is a large population from sugar cane near Mtu
batuba, in the same area as the populations of Jacobs
and Heyns. SEM photographs of a specimen from
this population were previously published by Swart
and Heyns (1987a, b) under the name L. strelùziae. A
second, smaller population was collected near Chris
tiana in the North West Province. Although both of
these populations resembled L. strelùziae, they could
not be assigned ta this species with certainty. This
prompted a re-examination of the type specimens and
of the specimens studied by Jacobs and Heyns (1982).
This led ta the conclusion that these specimens are
conspecific with the Mtubatuba population, which is
now regarded as a distinct species and is herein
described as Longidoroides jacobsi n. sp. The popula
tion from Christiana is likewise described as a new
species under the name Longidoroides seinhorsti n. sp.

Fundam. appl. Nemawl. 1164-5571/98/05/ © OrslomlElsevier, Paris

Longidoroides strelitziae (Heyns, 1966) Khan,
Chawla & Saha, 1978

=Longidorus strelùziae Heyns, 1966
=Paralongidorus strelùziae (Heyns, 1966)

Aboul-Eid, 1970
(Fig. 1 A-C; Table 1)

The original description of this species was based
on several specimens collected around the roots of
Strelùzia nicolae in virgin sandy soil near the beach
opposite 'Bird rock' beyond Third Beach at Port St.
Johns in the Transkei, Eastern Cape Province, in
January and December 1964. Unfortunately, the
holotype and paratypes which were in the nematade
collection of the Plant Protection Research Institute
in Pretoria were borrowed in the early 1970's and
never returned, and are now considered lost. Two
paratypes which were deposited in the Rothamsted
collection, one male and one female (slides 168/19/1
and 168/19/2 respectively) are in near perfect condi
tion, and their examination confirmed the accuracy of
the original description and illustrations as presented
by Heyns (1966).

COMMENTS

The Rothamsted specimens are both very flattened.
A comparison of the a-ratios calculated with non-cor
rected as weil as corrected body diameters (using the
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Fig. 1. Longidoroides strelitziae. A: Head of paralype female; B, C: Head and lai! of paralype male - Longidoroides jacobsi n.sp.
D, E: Head, laceral and dorso-veneral views, respeClive1.y; P.. Male lail; G: Basal bulb; H: Tai! of J3; f, J: Tail of J4; K: Female lai!;
L: Aneerior branch of reproduClive syslem; M, N: Body pOSlllre of female and male, respeClively.
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Table 1. Morphometric data ofLongidoroides strelitziae Heyns, 1966 and L. seinhorsti n. sp. (al! measuremencs in pm, except L in mm.).

Female

L. 5trelitziae

Male J3 J4

L. seinhorsti n. sp.

Female Male

Ace. to Paratype*
Heyns
(1966)

Ace. to
Heyns
( 1966)

Paratype* Holotype Paratypes Paratype

n

L

a

b

c

c'

V

Taillength

Lip region
diam.

Odontostyle

Repl. od.style

Odontophore

Stylet

Guiding ring to
front end

Greatest body
diam.

Anal body
diarn.

Rectum length

Spicule length

Lateral guiding
pieces

4

5.48-7.46

54-67

9.4-13.0

148-161

0.5-0.6

48-50.5

27-30

18-19

117-131

70-82

191-210

55-65

37

5.83

53/83**

13.1

182

0.5

50

32

19

127

82

209

56

110/70**

67

37

2

4.98-5.50

54-66

10.2-14.9

119-179

0.6-0.7

28-34

123

70

193

88-91

20

5.37

53/77**

10.5

149

0.65

36

19

120

103

223

56

102/70**

55

96

26

2

3.30 ;
3.56

65; 61

6.9; 10.2

90 ; 108

1.01 ;
0.85

36.5 ; 33

11.5 ; 11

85; 80

92 ; 94

61 ; 56

146: 136

32.5 ; 33

51 ; 58

36; 39

9

4.90
(4.11-5.96)

78
(72-89)

10.7
(9.0-12.3)

131
(105-148)

0.83
(0.69-1.00)

37.6
(33-41 )

14.1
(13-15)

93.3
(88.5-99)

104
(99-111)

71
(68-77)

164
(158-171)

37.2
(33-40)

59
(54-67)

45.3
(39-51)

6.7

72

12.6

168

0.71

50.1

40

16

97

75

172

43

93

56

29

3

5.56-9.08

66-89

12.9-16.5

150-216

0.70-0.79

49.9-51.2

37-45

16-17

105-115

67-89

174-204

41-48.5

84-102

52-60

33-34

1

7.22

102

16

134

1.06

54

16

102

70

172

46

71

51

83

23

*Borrowed from Rothamsted Experiment Station
**Uncorrected and corrected values

correction formula of Geraert, 1961) with the a-ratios
in Heyns (1966) indicates that the specimens were
already quite flattened at the time of the original
description. This should be kept in mind when com
paring the morphometrics of the three species ln
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Tables 1 and 2, since not only a-ratio, but also c and c'
are affected by flattening, as shown by Heyns (1983).

The number and arrangement of supplements in
the Rothamsted male paratype are rather similar ta
those illustrated by Heyns (1966, Figs 28-29) and
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described as "a more or less equidistant ventromedian
series of twelve or thirteen, diverging into two lines
posteriorly so that there are three pairs in the region of
the spicules, the last of which may be regarded as the
adanal pair." In the Rothamsted specimen, there are
ten ventromedian supplements followed by eight
off-centre, staggered supplements, becoming more
closely approximated posteriad so that the final two
form an adanal pair.

In Table l, the original measurements given by
Heyns (1966) are compared with data obtained from
the Rothamsted paratypes. Additional measurements,
not previously given, are the following: amphid aper
ture 3 ~m long, constituting 15.2-15.8% of the lip
region diameter as measured at the level of the outer
circlet of labial papillae. Distance from amphid aper
ture to base ofbilobed fovea 15.5 - 18.5 ~m.

Longidoroides seinhorsti n.sp.
(Figs 2D, E; 3A-S)

MEASUREMENTS

See Table 1

DESCRIPTION

Adults: Cuticle 4-5.5 ~m thick on anterior part of
neck, 4.5-6 llm around midbody, 12.1 (9.5-14) llm
dorsally on female tail, only 6 llm dorsally on male
tail, and 12.8 (11-15) ~m around tail terminus (=h) in
both sexes. Body pores indistinct except on front part
of neck, arrangement rypically longidoroid, with
seventeen to twenry lateral, five to seven dorsal,
and nine to eleven ventral pores in neck region. Lip
region evenly rounded and confluent with body.
Amphid aperture crescent- shaped, 4-4.5 ~Lm long, or
25.0-28.1 % of lip region diameter at level of outer cir
clet of labial papillae. A funnel-shaped structure
present posterior to the aperture, internally in the
fovea, with the stem of the funnel projecting between
the two lobes of the fovea. Distance from aperture to
base of fovea 14-16 ~Lm. External wall of fovea thick
ened, darkly colored (sclerotized?), conspicuous in
dorso-ventral view; this sclerotization apparently
encircling the neck at the level of the foveae. Posterior
one-fourth of fovea d ifferentiated into a separate cav
ity. Stylet typical for the genus; base of odontophore
difficult to observe. Pharyngeal bulb 149 (135-156) x
27.8 (26-29) llm. Gland nuclei mostly indistinct.
Cardia hemispherical.

Female: Relaxed body strongly ventrally arcuate,
posture varying from open C-shape to more than one
full circle. Tail bluntly rounded to hemispherical,
bearing two pairs of caudal papillae. Reproductive
system typical; vulva transverse; vagina reaching to
middle of body diameter; without clearly demarcated
ove jector; uterus a 337 (330-345) llm long broad
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duct without pars dilmata, separated from oviduct
by well-developed sphincter. Reflexed ovary 239
(200-287) llm long.

Male: Body of single male specimen strongly ven
tralJy arcuate and describing more than two full cir
cles. Tail conoid, dorsally convex, ventrally concave,
with outer as weil as inner layers of cuticle thickened
around the terminus. Two pairs of caudal papillae
near middle of tail, and a third pair at the level of the
cloaca. Spicules 83 llm long (measured along curved
median line). Lateral guiding pieces 23 llm long,
exceptionally broad and heavily sclerotized. Supple
ments with rather prominent papillae. Number and
arrangement of supplements as follows: nine ventro
median ones, followed by five off-centre, staggered
ones, plus one adanal pair, making a total of sixteen,
more or less equidistant supplements.

Juveniles: Only J3 and J4 found. Habitus, especially
in J3, much less ventrally arcuate than in ad ults,
otherwise similar ta female in general appearance.

TYPE SPECIMENS

Holotype female, two pararype females and one
pararype male in the collection of the Biosystematics
Division, ARC-Plant Protection Research Institute,
Pretoria, slides 31798-31801.

TYPE LOCALITY AND HABITAT

Soil among reeds and grasses on the bank of the
Vaal River, Rob Ferreira Resort, Christiana,
North-West Province, South Africa. Collected by E.
van den Berg, 3 September 1990.

DIAGNOSIS AND RELATIONSHIPS

L. seinhorsli n. sp. is characterized by the unique
structure of the amphid.

The new species differs from the very similar L.
strelùziae in odontostyle length (97-115 vs 117-131
llm), position of the guiding ring (41-48.5 vs 55-65
).lm from front end), diameter of lip region (16-17 vs
18-19 llm), and length of the amphid aperture (4-4.5
vs 3 llm, or 25-28 vs 15.2 - 15.8% of lip region
diameter).

The new species differs from L. jacobsi n. sp. in
odontosryle length (97-115 vs 83 -104 ~m), a-ratio
(66-102 vs 93* - 171 llm; *based on non-corrected
body diameter of a flattened specimen), shape of lip
region (rounded vs flattened), and length of amphid
aperture (4-4.5 vs 1.5 llm or 25-28 vs 8.8% of lip
region diameter).

L. seinhorsti n. sp. differs from both the above men
tioned species in the length of the fovea, which is only
14-16 ~m compared with 15.5 - 18.5 llffi in L. strelù
ziae and 17-20 llm in L. jacobsi n. sp.

Fundam. appl. Nemacol.



Longidoroides jacobsi * n. sp.
=L. slrelùziae apud Jacobs & Heyns, 1982,

apud Swart & Heyns, 1987
(Figs 1D-N; 2A-C)

MEASUREMENTS

See Table 2

DESCRIPTION

Adulls: Cuticle thickness: in anterior part of neck:
5.6 (5-6) Ilm in female and 6.3 (6-7) Ilffi male; at mid
body: 4-5 Ilm in both sexes; on dorsal side oftail: 11.8
(10-13) Ilm in female and 7.3 (6-8) Ilm in male; and
around tail tip (=h): 12.7 (11-15) Ilffi in both sexes.
Lateral body pores mostly distinct, ventral pores
indistinct except the first few behind the lip region
being quite conspicuous. Arrangement of pores typi
cal, with three or four dorsal, nine to eleven ventral,
and fifteen to eighteen lateral pores in neck region.
Lateral chord exceptionally narrow, and lateral pores
over greater part of body practically in a single line.
Lip region rather truncate, continuous with body.
Amphid aperture close behind outer lateral labial
papilla, very small, only 1.5 Ilm long, which is only
8.5-8.8% of lip region diameter at level of outer circlet
of labial papillae. Distance from aperture to weakly
bilobed base of fovea 18.3 (17-20) Ilm. Stylet typical
for the genus, odontostyle base without collar, and
odontophore base, as seen with SEM, with three lon
gitudinal ridges delimiting the three sinuses. Pharyn
geai bulb 150 (137-170) x 29.7 (27-33) Ilffi. Gland
nuclei and their outlets situated as follows: DO =6.2
(5.1-9.3); DN = 19.9 (16.4-21. 1). DO - DN =12.7
(10.5-14.5); LSN = 50.4 (45.4-53.1); RSN = 52.3
(49.3-55.3); SO = 87.3 (82.9-90.0). Cardia promi
nent, heart-shaped.

Female: Relaxed body posture ventrally arcuate,
ranging from open C-shape to one full circle. Tail
bluntly rounded, with two or three pairs of caudal
papillae, the third pair at or near the level of the anus.
Reproductive system typical: vulva transverse; vagina
reaching half body diameter; without individualized
ovejector; uterus 253 (190-300) Ilm long, without dif
ferentiated pars dilacaca, but separated from oviduct
by well-developed sphincter; reflexed ovary 297
(270-330) Ilffi long.

Male: Posterior part of body more strongly arcuate
than in female. Tai! conoid, dorsally convex, ventrally
concave; outer layer of the cuticle thickened around
the bluntly rounded terminus. Three pairs of caudal
papillae, one of which situated at or near the level of
the cloaca. Spicules 80-90 Ilffi long (measured along
the curved median line). Lateral guiding pieces

* This species is named after Dr. P.].F. Jacobs in recognition
of his valuable work on South African longidorids.
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21-27 Ilm long. Supplements varying from 17 to 23 in
number, including the adanal ones. Only sorne of
them, notably the more anterior ones, actually mid
ventral, the rest being irregularly arranged either to
the left or right of the midventral line, and posteriorly
forming one, two, or three pairs, the last of which is
adanal (see Fig. 2.7 in Jacobs & Heyns, 1982). Seven
or eight prominent subventral papillae in the region of
the supplements.

Juveniles: Only J3 and J4 found. Similar to female in
general appearance, except smaller and less strongly
ventrally arcuate.

TYPE SPECIMENS

Holotype female (slide 1736) and seven female and
seven male paratypes in the nematode collection of
the Rand Afrikaans University, Johannesburg, slides
1731-1741. One female and one male paratype each
deposited in the collections of the Instituut voor Dier
kunde, University of Ghent, Belgium, and Muséum
National d'Histoire Naturelle, Paris, France.

TYPE LOCALITY AND HABITAT

Sugar cane field next to the Msiduzi River on the
estate of Kirko & Co., south of Mtubatuba in north
ern KwaZulu-Natal. Collected J. Heyns, 26 July
1985.

Also found in sugar cane fields in the Hluhluwe
area, northern KwaZulu-Natal. For details see Jacobs
and Heyns (1982) under L. screlùziae.

DIAGNOSIS AND RELATIONSHIPS

Longidoroides jacobsi n. sp. is distinguished by its
very small amphid aperture, flattened lip region, slen
der body, and short odontostyle.

It is rather closely related to two species, L. screlic
ziae and L. seinhorsli n. sp., from which it differs in
being more slender (a=93-137 vs about 80 in
L. Slrelùziae and 66-102 in L. seinhorsli n. sp.), in hav
ing more truncate vs rounded lip region, slightly more
posterior vulva 01 = 51-56 vs 48-50.5 in L. slrelùziae
and 50-51 in L. seinhorsli n. sp.), shorter odontostyle
(84-97 vs 117-131 Ilffi in L. slrelùziae and 97-115Ilm
in L. seinhorsci n. sp.), very small amphid aperture
(1.5 vs 3 Ilm in L. screlicziae and 4-4.5 Ilm in L. sein
horsli n. sp.), and longer fovea (17-20 vs 15.5-18.3 Ilm
in L. screlicziae and 14-16 Ilm in L. seinhorsli n.sp).

COMMENTS

Four of the six specimens described by Jacobs and
Heyns (1982) under the name L. slrelilziae were avail
able for study. This confirmed the conspecificity of
these specimens with the Mtubatuba population.
Although the short description and illustrations in
Jacobs and Heyns (1982) were quite accurate, one
fault has to be pointed out, viz. the amphid aperture
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Fig. 2. Longidoroides jacobsi n. sp. A: Lateral view of head (arrow points IOwards amphid aperture covered by debris); B: Base
of odonlophore; C: OdonlOstyle base - Longidoroides seinhors(i n. sp. D: Sub/ateral view of head; E: En face view of head (Scale
bars =4 flm).

in their Fig. 2.2 which is shown in the wrong position
due to a misinterpretation.

REMARKS

Ir is interesting to note that, while amphid structure
is one of the main generic characters employed in the
Longidoridae sensu Coomans, 1996, it is also an
important diagnostic character differentiating the
three species considered in this paper. Such variation
in amphid structure within otherwise qui te similar
(=ciosely related?) species must obviously be taken
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into account when evaluating the validity of the gen
era. This validity has recently been the subject of
sorne difference of opinion, as evidenced by the syno
nymization first of Siddiqia with Paralongidorus by Luc
and Doucet (1984), followed by synonymization of
Longidoroides also with Paralongidorus by Siddiqi el al.
(1993). At the same time, however, Hunt (1993) con
sidered Longidoroides as valid, while he regarded Siddi
qia as a subgenus of Paralongidorus. Coomans (1985,
1996) endorsed the synonymization of Siddiqia with
Paralongidorus, but agreed with Hunt in regarding

Fundam. appl. NemalOl.
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Fig. 3. Longidoroides seinhorsti n.sp. A: Anten'or body region; B, C: Head, lateral and dorso-ventral views; D, E: Head, J3 and J4,
respectively; F: Lateral chord on front part of neck; G: Anterior branch of female reproduaive system; H: Male posterior end showing
supplements; l: Male tail; J, K: Tail ofJ3; L, M: Tail ofJ4; N, 0: Female tail; P, Q: Body posture of male and female, respeclivelyj R,
S: Body posture ofJ3 and J4, respectively.
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Table 2. Morphomeo'ic dala ojLongidoroides jacobsi n. sp. (al! measuremenlS in J-lm, excepl L in mm).

J3 J4 Female Male

Holotype Paratypes Acc. ra Jacobs & Paratypes Ace. to Jacobs
Heyns (1982) & Heyns

(1982)

n 5 15 10 3 9 3

L 3.55 5.32 17.9 7.72 6.19-8.39 7.55 7.96-9.28
(3.04-4.05) (4.04-6.44) (6.38-9.26) (6.09-8.62)

a 70 85 100 106 135-138* 113 137-171"
(60-79) (79-102) (93-125) (97-137)

b 11.2 12.5 14.1 15.1 12.8-12.9 15.5 16.1-18.7
(8.7-13.1) (11.5-14.6) (12.7-16.8) (10.5-18.9)

c 106 154 266 245 252-276' 203 230-330
(91-123) (116-192) (181-298) (142.-233)

c' 0.78 0.68 0.6 0.67 0.6-0.7 0.83 0.7-0.8
(0.61-0.92) (0.59-0.74) (0.55-0.98) (0.69-0.90)

V 56.2 52.9 52.5-54.7
(50.9-56.3)

Tail 31.8 32.9 27 31.9 25-30 37.6 28-34
(27-34) (29-39) (27-40) (35-43)

Lip region 12.4 15.7 18.5 17.4 20-21 17.8 19-20**
diam. (12-13) (14-17) (16-18.5) (17-19)

Odontostyle 64.6 78.7 92 90.7 83-102 90.9 89-104
(63-67) (70-86) (87-97) (84-94)

Repl. od.style 74.5 89.5
(72-80.5) (85.5-100)

Odontophore 53 64 71 73 53-63 78.2 53-56
(48-59) (56-72) (65-79) (75-83)

Stylet 118 143 163 164 169
(111-126) (136-151) (156-169) (159-176)

Guiding ring 37.1 41.5 50 50.7 47-56 50.4 51-54
to front end (33-41) (40.5-51) (46-60) (48-54)

Greatest body 47.5 62.5 72 70 67
diam. (47-48) (53-72) (65-75) (54-75)

Anal body 37.5 47.5 45 47.4 48.8
diam. (36-43) (44-54) (41-51) (44-54)

Rectum 21.8 31.6 37 33.7
length (18-26) (26-35) (34-40)

Spicule 85.4 73-81
(80-90)

Lateral 23.6 20-28
guiding (21-27)
pieces

*Based on corrected body diameter
**In Jacobs and Heyns (1982) misprinted as 19-30

Longidoroides as valid, even though in his 1996 paper is necessary, a view with which l concur. Such a study
he lists it more tentatively as 'Longidoroides' and sug- may weil show that the most logical solution is to
gests that a reappraisai of the distinguishing characters recognize only one genus, Longidorus, with four sub-
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genera: Longidorus, Paralongidorus, Siddiqia and
Longidoroides. In the mean time, 1 prefer to recognise
Longidoroides as a separate genus and to retain
L. strelitziae, together with the two new species
described herein, in Longidoroides rather than in
Paralongidorus.
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Sununary - The fine structure of the body curicle was studied in Triclwdorus prirnicivus, T similis, T hooperi, T viruliferus, Para
crichodorus pachyderrnus, and P. nanus. The u!trastructure of the cutic!e was mostly similar to recent observations on four species
from western Africa. Some intraspecific differences were seen in the thickness of layers 4 and 6. The ultrastructure of the body
cuticle in the region of the retracted spicules in P. pachydermus is clearly different from that in T primitivus. This result confirms
the diagnostic value of presence vs absence of caudal alae for differentiating the didelphic genera. © OrstomlElsevier, Paris

Résumé - Ultrastructure de la cuticule des Trichodoridae Thorne, 1935 (Ne111atoda: Enoplia) - L'ultrastructure de
la cuticule est décrite chez Trichodol"Us pr'imitivus, T similis, T hooper'i, T vin.mferus, Paracr'ichodorus pachyderrnus et P. namlS. La
cuticule présente une structure largement semblable à celle décrire récemment chez quatre espèces d'Afrique occidentale mais,
selon les espèces, une différence dans l'èpaisseur des couches 4 et 6 est observée. La structure de la région des spicules est
nettement différente chez P. pachydermus et chez T primitivus, confirmant ainsi la valeur diagnostique du caractère présence ou
absence d'ailes caudales pour différencier les genres didelphes. © OrsromlElsevier, Paris

Keywords : Cuticle, nemarode, Paracrichodorus, Tnchodorus, ultrastrucrure.

The family Trichodoridae Thome, 1935 is a small
family with two didelphic genera (Trichodorus Cobb,
1893 and Paratrichodorus Siddiqi, 1974) and two
monodelpruc genera (Allotrichodorus Rodriguez-Mon
tessoro, Sher & Siddiqi, 1978 and Monotrichodorus
Andrassy, 1976). Although the most important diag
nostic generic features are weil described, overlap
between the genera may occur, which makes identifi
cation to genus level difficult, especially with female
specimens (Decraemer & Baujard, 1998). In males,
presence vs absence of caudal alae differentiates Para
trichodorus from Trichodorus and Allotrichodorus from
Monotrichodorus, but, here again, exceptions are
known. The present study is part of a project that
aims at substantiating a phylogenetic approach to the
higher classification of the Trichodoridae. Currently,
the families Trichodoridae and Diphtherophoridae
constitute the order Triplonchida (see Siddiqi,
1983a), which is c1assified under Enoplia and is
related to the order Tripylida (see Siddiqi, 1983b).

For a better understanding of the trichodorid gen
era and their phylogenetic relationships, the most
important diagnostic features at genus level were
reviewed from ultrastrucrure observations of the body
cuticle. Until recently, only one illustrated description
of the ultrastructure of the body cuticle in the family
Trichodoridae had been published (Paratrichodorus
altius in Raski et al., 1969), plus a non-illustrated
description of the fine structure of P minor (Hirumi el

Fundam. appl. NernalOl. 1164-5 571198/05/ ~J OrslOmlElse-vier, Pans

al., 1969). A study on the ultrastructure of the
somatic musculature of P porosus (Allen, 1957) Sid
diqi, 1974 by Bird (1970) included a TEM picture of
the somatic musculature showing part of the body
cuticle. Within the scope of the present project, the
ultrastructure of the body cuticle was srudied in males
of six species belonging to the two didelphic genera:
Paratrichodorus pachydermus (Seinhorst, 1954) Sid
diqi, 1974, P nanus (Allen, 1957) Siddiqi, 1974, Tri
chodorus prim1tivus (de Man, 1880) Micoletzky, 1922,
T similis Seinhorst, 1963, T viruliferus Hooper, 1963,
and T hooperi Loof, 1973. Apart from the last one, all
of these species are known to be natural vectors of
economically important virus diseases of crops in
Europe, and several are of world-wide significance.

In parallel with our research, Mounport el al.
(1997) studied the ultrastructure of the body cuticle
at mid-body level of females of P minor (Colbran,
1956) Siddiqi, 1974, P nanus (Allen, 1957) Siddiqi,
1974, P rhodesiensis (Siddiqi & Brown, 1965) Siddiqi,
1974, and T eburneus De Waele & Carbonell, 1983.
These species ail occur in the semi-arid region of
western Africa and the specimens studied were reared
under laboratory conditions.

Material and rrtethods

For TEM observations, specimens were fixed in 3%
glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for
1 h, washed three times in buffer, then postfixed in
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1% osmium tetroxide in phosphate buffer for 30 min.
Nematodes were rinsed in buffer then embedded in
1% distilled water agar. Agar blocks containing single
nematodes were dehydrated in a graded ethanol series
and the ethanol replaced by propylene oxide. Speci
mens were infiltrated for 3 h in Emix epoxy resin at
37°C then placed in flat embedding moulds to be
polymerised at 70°C. Specimens were sectioned at a
Reichert Ultracut microtome and sections collected
on plastic coated grids. These were stained with ura
nyl acetate and lead citrate before being examined in a
]EOL 1200 electron microscope.

Transverse and/or longitudinal sections were made
at the levels of the pharyngeal region and the copula
tory apparatus and tai!.

The fine structure of the body cuticle was studied at
the level of the caudal alae in P pachydermus and com
pared to the ultrastructure of the body curicle at the
same level in T primizivus and T hooperi. In addition,
light-microscopic srudies of series of transverse sec
tions from the posterior body region of T similis and
P pachydermus were compared.

Results

Ali species showed the same basic structure charac
terised by z) a trilaminate external layer, ù) a fine
granular layer, and iù) an electron-dense or elec
tron-Jucent layer with granulations; ail three layers are
also present in other taxa. Below are three inner layers
(4 to 6). Layer 6 consists of three multilaminate units
with the outer unit showing a marked banding. This
layer of the body cuticle seems to be characteristic of
trichodorids, and, according to ail known data, is
quite different from the structure of the body cuticle
in Enoplia and Chromadoria.

FINE STRUCTURE OF THE BODY CUTICLE

The fine structure of the body cuticle in the species
studied largely agreed with the descriptions by
Mounport et al. (1997) and consisted of six layers;
however, layer 5 was not always clearly differentiated.
Sorne intraspecific differences were observed in the
thickness of layers 4 and 6. T hooperi (Fig. 2A),
P nanus (not illustrated), and P pachydermus each
possess a thick layer 4, representing more than 50% of
the cuticle thickness, and a m ultilaminate layer 6, rep
resenting 30% of the total cuticle thickness, These
data are comparable with the recent observation by
Mounport el al. (1997). In P pachydermus, the band
ing of layer 6 in both the anterior and the posterior
body regions was not always visible (Fig. 2C, D).
Conversely, the pharyngeal (Fig. 1B) and spicule
(Fig. 1D) regions of T similis and the spicule region of
T primitivus (Fig. 1A) and T virulzferus (Fig. 1C) ail
possess a thin and amorphous layer 4 and a multilam
inate basal layer 6 representing up to 75% of the curi-
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cle thickness. No differences were observed between
pharyngeal region and spicule region. The peculiar
type (different from hemidesmosomes) of junctions
between cuticle and somatic muscle cells that was
described by Mounport el al. (1997) was observed
(Fig. lA), as weil as intracuticular canals mainly in
layers 4 and 6.

CAUDAL ALAE

One of the most important diagnostic features in
males of the didelphic genera ParatrichodoruslTricho
dorus and the monodelphic genera Allolricho
doruslMonotrichodorus is presence vs absence of caudal
alae, respectively. Caudal alae are present in ail spe
cies of Paratrichodorus, although narrow and
non-functional (P pachydermus: Fig. 3A, B); in sorne
species they are weakly developed and hardly recog
nisable on SEM pictures, for example P grandis Rod
riguez-Montessoro & Bell, 1978 (Fig. 3D, courtesy
Dr. ]. Baldwin, TEM Micrograph Collection River
side) and P rhodesiensis (Fig. 3C, courtesy P. Baujard,
SEM Micrograph Collection, ORSTOM). In Allotri
chodorus, caudal alae are present in various degrees of
development, they are obvious but narrow in A. brasi
liensis (Fig. 4E), and they are hardly developed in
A. longispiculis Rashid, De Waele & Coomans, 1986.
In Trichodorus, caudal alae are generally absent
(T similis: Fig. 4A; T primitivus: Fig. 4B), but they are
distinctly present in two species (T cylindn'cus
Hooper, 1962 and T paracedarus Xu & Decraemer,
1995: Fig. 4D). Several Trichodorus species have 'rudi
mentary caudal alae', for example T sparsus Szcygiel,
1968 (see Loof, 1973), T elefJohnsoni Bernard, 1992,
T nanjingensis Liu & Cheng, 1990 (in Decraemer &
Cheng, 1994), and T vandenbergae De Waele & Kil
ian, 1992 (Fig. 4C); these were also described in
Monolrichodorus sacchari Baujard & Germani, 1985
(see Decraemer, 1986). The 'rudimentary caudal
alae' are possibly induced by temporary muscular
activity in T elefjohnsoni (Bernard, 1992). The fine
structure of caudal alae in Paralrichodorus was com
pared with the fme structure of the body cuticle in Tri
chodorus species. AIso, a comparison was made using
light-microscopy observations of transverse sections
of the body curicle in the region of retracted spicules
and tail in representative species of the two didelphic
genera.

P pachydermus

Light-microscopy observations of male specimens
of P pachydermus revealed weil developed caudal alae
which protrude lateroventrally from the body
(Fig. 5A-C). A transverse section through the cloacal
opening showed two weil developed flaps of the ante
rior cloacal lip (Fig. 5B), Just posterior to the poste
rior cloacal lip (Fig. 5C), two fine subventral canals
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A

4

c o

Fig. 1. Ulrrasrruerure of rhe body curide in males; dorsal wall in rransverse sections, wirh indication of layers 4 and 6, ar level of rerracred
spicules (A, C, D) and in rhe pharyngeal region (B). A: Trichodorus primitivus; B: T. similis; C: T. viruliferus; D: T. similis.
(Scale bar = 0.5 /lm).
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B

Fig. 2. Ulcrascruccure of che body cwicle in males wùh indicacion of layers 4 and 6. A, B: Trichodorus hooperi. spicule region, dorsal
wall in cransverse and longicudinal section, respeceive/y; C, D: Paratrichodorus pachydermus, dorsal wall in cransverse seccion in che
spicule region and longiLudinal seceionin Ihe pharyngeal region (Scale bar =0.5 J.lm).
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Fig. 3. SEM observalions of caudal alae region in Paratrichodorus males, venlral view. A, B: P. pachydermus, ven/rai view and
Iransverse seaion al Leve! of relraaed spicules, respeaivelyj C: P. rhodesiensis (courœsy P. Baujard) j D: P. grandis (courœsy J Baldwin)
(Arrow indicaœs caudal alae. Scale bars =1 /lm in A-B, D; la /lm in C).

each leading to a pore were observed in the transverse
optical section. This agrees with the observation by
Sturhan (1985) who rejected earlier descriptions of
these structures as a pair of minute postcloacal papil
lae (Seinhorst, 1954; Allen, 1957; Kuiper & Loof,
1962; Baujard, 1980). Transverse sections of this pos
terior body region show a clear demarcation of the
ventral field. Baujard and Germani (1985) described
the demarcation of the lateral fields by two incisures

Vol. 21, no. 5 - 1998

in Monolrichodorus sacchari. A differentiation of the
lateral fields cou Id not be confirmed by Iight-micros
copy nor by TEM in any of the species discussed in
present paper. A study of their fine structure, based
on a series of transverse sections from the level of the
retracted spicules to a subterminal point, showed that
the caudal alae were formed lateroventrally by an
additionallayer of dense tissue within the inner unit of
layer 6. This layer appears as a clearly distinguished
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Fig. 4. SEM (A, B) and LM observacions (C-E) of poscerior body region in Trichodorus males. A: T. similis; B: T. primirivus; C:
T. vandenbergae wich rudimencary caudal alae (arrow); D: T. paracedarus wich caudal alae (arrow); E: Allorrichodorus brasilien
sis wich caudal alae (arrow) (Scale bar = /0 }lm).
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Ullraslrtluure of lhe cUlide of Trichodoridae

c

B D

Fig. 5. Lighl-microscopic observations of lransverse sections of Paratrichodorus pachydermus (A-C) and Trichodorus similis (D).
A: Al level of posleriormosl precloacal supplemenl; B: Al level of anœrior cloacallip (arrow points 10 bifid anterior cloacallip); C: Al
level of subvenlral pores (see arrow) JUSI poslerior 10 cloacal opening; D: Al level of dislai parI of relracœd spicules (a. 1. = additional
layer; c.a. = caudal alae; SP = precloacal supplement).

oval portion which fills the protruding caudal alae.
Mid-ventrally, at the level of the ventral field, layer 6
with a wide outer unit forms 75% of the body cutic\e
(Fig.7B).

T. similis, T. primùivus and T. hoopen'

Light-microscopy observations of series of trans
verse sections of several male specimens of T. similis
revealed the presence of a largely lateral to lateroven
tral thickening of the body wall together with a more
or less pronounced dorsoventrally flattening of the
body, probably resulting from muscular activity
(Fig.5D).

TEM microphotographs of transverse sections of
male specimens of T. primùivus (Fig. 6) in the region
of retracted spictÙes and in the tail revealed a narrow
electron-dense band at the inner base of the outer unit
of the multilaminate cuticle layer 6 and its connection
with the mid-unit of layer 6. This electron-dense
band, or layer, gradually enlarges from laterodorsal to

Vol. 21, no. 5 - 1998

a maximum width lateroventrally on the body, then
narrows to a thin band subventrally and ventrally. At
the level of the ventral field, the body cuticle is similar
to that in P. pachydermus, with the outer unit (= with
obvious banding) of layer 6 as main component.

In the fine structure of T. hooperi, there was sorne
difference in the position of the cuticular thickening
between layers 4 and 5 in the spicule and tail region.
Midventrally, layer 6 forms 50% of the body cuticle
(Fig. 7B, C).

Discussion

The present study of the fine structure of the body
cuticle of five species belonging to the two didelphic
genera in Trichodoridae supports and extends the
recent observations by Mounport et al. (1997). Our
results confirmed the unique character of the cutic\e
structure in Trichodoridae, a feature that separates
this family from the Dorylaimina.
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a.l.
,.... \ .

Fig. 6. UltraSlruclUre of body cUlicie in poslerior body region of Trichodorus primitivus males. A: Spicule region; B: At level of a POS1

cloacal papilla; C: Subœrminal on lail (Scale bar = 1 pm; wùh indication of layers 4 and 6, a.l. =additionallayer; o. u.l. =oUler unit
of layer 6; PSP = poslcloacaf supplement; spic. = spÙ:ule).

There are sorne marked differences in the fine struc
ture of the body cuticle in the region of retracted spi
cules of specimens belonging to either Paratrichodorus

508

or Trichodorus. This result confirms the diagnostic
value of the feature presence vs absence of caudal
alae, for differentiating the didelphic genera.
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UilraSUW;lUre of the cuticle of Trichodoridae

,

a.l.

o.u.l.--

Fig. 7. UilraSlrUClUre of body culicle in males al level of caudal alae and lail of Trichodorus hooperi (A, C) and Paratrichodorus
pachydermus (B). A, B: Spicule region; C: Allevel of a poslcloacal papilla (Scale bar = 1 JIm; wùh indication of layers 4 and 6; a.l.
=addùionallayer; c. a. =caudal alae; o. u./. =OUler unù of layer 6; spic. =spicule).
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In the Trichodorus species studied, the thickening of
the body cuticle is restricted to the region of the
retracted spicules and tail, i.e., the posterior body
region which shows a more or less pronounced dorso
ventral flattening of the body. Information was not
obtained on the nature of the substance forming the
'rudimentary caudal alae'. The enlargement of the
body wall is possibly induced by muscular activity;
however, the amount of additional tissue seems rather
large as compared with a hypothetical reconstruction
of a non-flattened transverse section from the more
anterior body regions.
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Sumxnary - Bacillus spha.erU;us srrain B43 and Agrobacrerium radiobaetel' strain G 12, selecred from the potato rhizosphere, signi
ficantly reduced Globodera pallida juvenile penetration inro potaro roots. To bener understand the basis of antagonism, the
mode-of-action of the bacrerial antagonists was invesrigared. The abiliry of the rhizobacreria ro srimulare induced sysremic
resistance against the nemarode was demonstrated in split-root-trials, where the root system of a single potaro plant was
spatially divided into [wo separate parts. Induced systemic resistance in the split-root system was caused by live and heat-killed
bacterial cells of both bacteria strains. Culture filtrates of B43 had the same effect but G 12-culture filtrates did nor. Therefore,
it was not possible ro demonstrate the presence on the leaf surface of a basipetal sysremic mechanism affecting the root system.
© OrstomfElsevier, Paris

Résumé - Résistance au nématode à kyste de la pomme de terre Globodera pallida induite de façon systémique
par les rhizobactéries Agrobacterium radiobacter (G12) et Bacillus sphaericus (B43) - Bacillus sphaericus souche B43
et Agrobaaerium radiobacler souche G 12 provenant de la rhizosphère de pomme de terre diminuent significativement la péné
tration des juvéniles de Globodera pallida dans les racines de pomme de terre. Pour mieux comprendre les bases de cet antago
nisme, le mode d'action de ces bactéries antagonisres a été étudié. La capacité des rhizobactéries à stimuler une résistance
induite au nématode a été démontrée grâce à un dispositif de division du système radiculaire dans lequel la masse radiculaire
d'un seul plant de pomme de terre est séparée physiquement en deux parties. La rèsistance induite de façon systémique dans
un tel dispositif est provoquée par l'une et l'autre bactéries, tant vivantes que tuées par la chaleur. Les filtrats de culture de B43
provoquent le même phénomène, mais non ceux de G 12. L'existence d'un mècanisme systémique affectant basipétalement le
système radiculaire à partir des feuilles n'a pu être démontrée. © OrsrornlElsevier, Paris

Keywords : Agrobaclerium radiobacter, antagonistic rhizobacteria, Bacillus sphaericus, Globodera pallida, systemic resistance,
nemarodes, split-root system.

Public concern over pesticide use and limited avail
ability of such products have heightened interest in
biological control of plant parasitic nematodes. Since
the rhizosphere provides the first line of defence for
roots against nematode attack, it is generally consid
ered that rhizosphere bacteria are ideal biocontrol
agents. Their ability to multiply and spread in the
rhizosphere environment, to colonize potential infec
tion-sites on the root and possibly to act by direct con
tact with the parasites are characteristics that make
them useful agents for nematode management. Initial
investigations on antagonistic rhizobacteria against
plant-parasitic nematodes include works by Zava
leta-Meija and Van Gundy (1982), Oostendorp and
Sikora (1986), and Racke and Sikora (1992). Rhizo
bacteria with anragortistic potential against potato and
sugarbeet cyst nematodes and root knot nematodes
were selected, which reduce early infestation proc
esses. The pale potato cyst nematode Globodera pallida
is of particular interest to nematology as a target for

Furuiam. appl. Nemarol. 1164-5571/98/05/ © OrswmlElsevier, Paris

biocontrol, because of a lack of useful crop resistance
and acceptable chemical control methods.

Two bacterial strains, Agrobact.erium radiobaeter
(G 12) and Bacillus sphaericus (B43), were shown ra
reduce penetration of the potato cyst nematode
G. pallida in greenhouse and field experiments by up
to 30% - 40% (Racke & Sikora, 1992). Similar results
were obtained by Hackenberg (1993). To understand
and improve the effectiveness of this biological control
system, it is important to determine the underlying
mode-of-action. Competition for nutrients supplied
by root exudates probably occurs in most interactions
between bacteria and pathogens on the root surface
(Elad & Baker, 1985; Elad & Chet, 1987). This factor
is involved to sorne (small) degree in the biocontrol of
fungal pathogens by bacteria. In the pathosystem
rhizobacteria/plant parasitic nematode, completely
different mechanisms are at play. Many rhizobacteria
produce antibiotics, siderophores, HCN, and other
toxic compounds which could be involved in biologi-
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cal control. The ability of bacteria to envelop or bind
to root-surface lectins possibly interfere with nema
tode-host-recognition and, therefore, penetration
(Oostendorp & Sikora, 1990). In addition, mese
authors also demonstrated a reduction or alteration of
root exudate hatch stimulation after incubation wim
several bacterial isolates.

Recent studies have shown mat some rhizobacteria
are also able to induce systemic resistance in plant to
microbial pamogens (Wei el al., 1991). Induced resist
ance can be triggered by different inductors. Various
cell structures, abiotic compounds such as isonico
tinic acid, salicylic acid and meir derivatives, and
extracellular structures of micro-organisms and meir
metabolites are known as elicitars of induced resist
ance in different systems (White, 1979; Smim &
Metreaux, 1991; Schonbeck el al., 1993; Kessmann el
al., 1994). The purpose of mis study was to deter
mine, whether me rhizobacteria strain A. radiobacler
G 12 and B. sphaericus B43 or meir metabolites are
able ta incite systemically induced resistance in potata
plants taward me potata cyst nematade G. pallida.

Materia1 and methods

GENERAL TECHNIQUES

NemaLOdes

G. patlida was originally obtained from a field popu
lation and was maintained continually on potato
plants. Nematodes for inoculum production were
multiplied in 3 dm3 pots in the greenhouse on me
potata cv. Hansa in infested soil containing 1500 eggs
and juveniles/l 00 g soil. After 3 months, shoots of me
plants were discarded and the soil, containing newly
formed cysts, was stared for at least 9 months to over
come diapause. Cysts were extracted by a wet sieve
decantation technique (modified by Ayoub, 1980)
and separated from organic material by MgS04-flota
tion procedures. Suspensions of eggs and juveniles
were separated from the cyst wall debris in a tissue
homogenizer.

Bacleria

Born rhizobacteria strains, A. radiobaCler (G 12) and
B. sphaericus (B43) were maintained for long-term
starage at -80°C in Microbank (Pro-Lab Diagnostic).
Cultures ta be used for testing were transferred ta liq
uid culture media. B. sphaericus was cultured in Tryp
tic Soy Broth (3%, pH 7.2), A. radiobacler in King's B
Medium (pH 5.8) (King el al.) 1954) on a rotary
shaker at 24°C for 24 h in an incubator. After incuba
tion me bacterial suspension was centrifuged at
5400 g and the pelleted bacterial cells resuspended in
sterile 25% concentrated Ringer-solution (Merck).
Optical cell density of the. bacterial suspensions was
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adjusted with a spectral photometer to ODS60 = 2.0,
which corresponds ta 1.8 x 1010cfu mr l (B43) and
1.2 x 1010 cfu mr 1 (G12). Potato roots were inocu
lated by pipetting 2.5 ml of a bacterial suspension
onto the soil surface. Controls were treated with
Ringer-sol ution.

Rifampicin-resistant mutants of bom strains were
selected by streaking B. sphaericus on Tryptic Soy
Agar (TSA) and A. radiobaCler on King's B Agar (KB)
supplemented with 100 and 200 ppm Rifampicin,
respectively. Then, mutants were multiplied in 100 or
200 ppm Rifampicin supplemented liquid media. The
inoculum preparation and inoculation techniques
were me same as for the wild strains outlined above.

Culture filtrates used for inducing experiments were
obtained from me liquid culture media after removal
of bacteria cell by filtration mrough a series of nitro
cellulose filters down to a final pore size of 0.2 Ilm.
Heat-killed bacteria cells were produced by autoclav
ing bacteria 20 min at 120°C at 1.2 x 105 Pa pressure.

Experimental evalumion

Nematode penetration was determined 21 days after
nematade inoculation when me nematades have
reached me J3 or J4 developmental stage. Born parts of
the split-root system were cut off separately and rinsed
wim tap water. Fresh root weight was determined after
blotting off free water. Nematode penetration rates
were determined by boiling roots in 0.1 % lactic acid
fuchsin. Stained roots were then homogenized in an
Ultra-Turax (IKA-Werk) and the number of juveniles
in me roots were counted under a stereomicroscope.

EXPERIMENTAL DESIGN

Splù-rool syslem

Potata plants were grown in a three-pot-system with
each pot measuring 8 cm in diameter (Fig.1). The
potata seed was put in the upper pot and its roots
grew mrough two openings in me bottam of me upper
pot and spread to me lower two pots. This system
makes it easy ta separate me root system into two
fractions. Our goal was to prevent movement of inoc
ulated bacteria from one root fraction inta the omer.
The efficacy of the system for preventing baeteria
movement from one root fraction to me other was
tested using antibiotic-resistant mutants of both bac
teria strains.

There were six or seven replications for each experi
ment. Potataes cv. Hansa were grown in sterile fme
quartz sand. Plants were 2 to 4 weeks old at the onset
of me experiments. Depending on me time of year,
the plants were cultivated either in climatic chambers
at 21°C or in me greenhouse.

Rifampicin resistant mutants of B. sphaericus and
A. radiobacler (lOlO cfu) were applied onto one side of
the split-root-system. After 3 and 16 days of incuba-
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Resistance againsl G. pallida induced by rhizobacœn'a

Resistance induction - roOlS

Fig. 1. POlaLO pIani groom in a lhree-pol splù-rOOl sysœm where
roolS are separaled in lWO fraClions (Bacœria were applied LO one
roOl fraClion; after 24 h incubation, nemawdes were inoculaled
LO bOlh sides of lhe rOOl sysœm LO examine syslemic induced effeclS
of lhe baCleria againsl Globodera pallida).

between water- and Ringer-treatment concerning the
penetration of nematodes into the roots. Plants were
incubated in the growth chamber or the greenhouse at
22°C with 16 h illumination until evaluation.

In the second experiment, the bacteria were applied
to one side of the root system. After 24 h incubation, a
suspension containing 1500 nematode eggs and juve
niles was applied only ra the bacteria-free side of the
split-root system. The experiment was designed to
exclude bacteria from possibly entering the root
through wounds produced by nematade penetration.

Results

Resislance induClion - leaves

Induced systemic resistance in plants has been dem
onstrated in many plant-pathogen systems. Very often
elicitor-induced resistance appeared after leaf inocula
tion (Guedes el al., 1980). In the present case, leaf
inoculation with bacteria would be easier to use than
root inoculation for field experiments. To determine
whether B. sphaericus or A. radiobacter have the ability
to induce resistance in roots after leaf application,
bacterial suspensions or bacteria culture filtrates were
spread onto the upper and lower side of the leaves of
potato plants with a fine paint brush. To promote dis
persion and adhesion of the bacteria to the leaf sur
face, 0.1 % methyicellulose was added to the bacterial
suspension. Control plants were treated with sterile
water or Ringer solution. After application of bacteria
onto the leaves, transparent polyethylene bags were
placed over the plants to maintain high humidity and
improve conditions for micro-organism survival. Two
days later, 30 cysts of G. pallida were inserted into the
soil by placing the cysts berween 100 IlITI mesh gauze
sandwiched in a slide frame. Cysts were chosen as the
inoculum because they provide a higher rate of pene
tration than egg and juvenile suspensions.

Inducing agencs

An attempt was made to determine which bacterial
component can or cannot elicit resistance. Viable
cells, heat-killed cells and culture filtrates of both bac
teria strains were examined for their ability to induce
systemic resistance toward G. pallida.

A 2.5 ml solution of each component was applied in
separate treatments to one side of a split root. One
day la ter, 30 cysts of G. pallida in slide frames were
inserted into the soil on the untreated side of the root
system.

RESISTANCE INDUCTION - ROOTS

Experimem 1

• B. sphaericus : The application of the bacterial
strain to one side of a split-root system followed by

G. pal/ida

Bacteria

G. pallida

In the first experiment, both sides of the root system
were inoculated with juveniles to determine whether
control occurred when 1) the nematodes were in direct
contact with the bacteria and il) on the bacteria-free
fraction of the root system, which would indicate
induced resistance.

A 2.5 ml solution of viable bacteria cells containin~

either 1.8 x 1010 B. sphaericuslml or 1.2 x 101
A. radiobaclerlml was applied to one side of the
split-root system. After 24 h incubation, a suspension
conraining 1500 nematode eggs and juveniles was
inoculated to both sides of the root system. The nem
arade inoculum was pipetted onto the sand near the
roots in the lower pots. Control plants were treated
with 25% concentrated Ringer-solution, which was
also used ta resuspend the bacteria. Previous experi
ments have demonstrated that there was no difference

tion at 21°C in the climate chamber or the green
house, the presence of the mutants in the rhizosphere
and rhizoplane was determined in both segments of
the root system. The roots in each lower pot were cut
and sand particles were carefully washed away with
tap water. The roots were then thoroughly washed in
saline buffer. The resulting solution was spread over
TSA containing 100 ppm Rifampicin for B. sphaericus
and K.B Agar with 200 ppm Rifampicin for A. radio
bacter. No movement of bacteria to the untreated sec
tion of the root system was detected in repeated tests.
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Fig. 2. Penetration ofGlobodera pallida inlO the bacteria treat
ed and inlO the untreated root section in a split root system. The
bacte ria used were Bacillus sphaericus (B43) and Agrobacœ
rium radiobacœr (012) (Mean values with differene leuers are
significanely differene; Duncan's Multiple Range Test; P :::; 0.05;
n =7).

inoculation of G. pallida ta bath parts of the split-root
system resulted in significant reductions of nematode
penetration into both root sections (Fig. 2). Nema
rode penetration was reduced by about 37% on the
side of the root system where bath B. sphaericus and
G. pallida were present. It was reduced by 67% in the
bacteria-free side of the split-root system.

• A. radiobacter: The application ofA. radiobaccer ro
one half of the split-root system caused a significant
decrease of 67% in nematode penetration (compared
ta control) on the side of the root system where bath
the bacteria and the nemarodes were present. Penetra
tion on the bacteria-free side of the split-root system
was reduced by about 78% when compared ro abso
lute control.

Experimenc 2

The Bacillus sphaericus treatment caused a 58%
decrease in nematode penetration in the bacteria-free
side. A. radiobaccer caused a 55% decrease (Fig. 3).
No effects on fresh roOt weights were detected in
either experiments.

Resistance induccion - leaves

The bacteria strains and their culture filtrates exhib
ited no basipetal activity in inducing resistance ta
nematode root infestation after inoculation onto the
leaf surface. On the contrary, leaf treatment with cul
ture filtrates of bath bacteria led ro nonsignificant
increases in nematode penetration (Table 1).
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Fig. 3. Number ofJuveniles of Globodera pallida which had in
vaded the roots of the unereated side of a split root system. The
other side was inoculaced with Bacillus sphaericus (B43) and
Agrobaeterium radiobacrer (012). (Mean values with differ
ent leccers are significancly differene; Duncan's Multiple Range
Test; P :::; 0.01; n = 7).

Inducing agents

The treatment of split-root systems with living or
dead bacteria cells and culture filtrates of B. sphaericus
and A. radiobacter led ro different induced resistance
reactions toward G. pallida. Inoculation of viable cells
of B. sphaericus or A. radiobacter resulted in a signifi
cant reduction in nematode penetration: 77% with
B. sphaericus and 59 % with A. radiobacrer. With both
bacteria, heat-killed cells produced the same effect as
living cells (Fig. 4).

The culture filtrate of the two bacteria had very dif
ferent effects on the expression of induced resistance.
The culture filtrate of B. sphaericus applied to one side
of the split-root system induced an 84% reduction in
nematode penetration per gram of root in the
untreated side. In contrast, culture filtrates of
A. radiobacter did not cause any systemic induced
resistance against the nematodes in the split-root
tests.

Discussion

Previous studies have shown that specific rhizo
sphere bacteria have an antagonistic activity against
various species of plant-parasitic nematodes. Oosten
dorp and Sikora (1990) isolated a Pseudomonas fluores
cens strain with antagonistic activity against the sugar
beet cyst nemarode Heterodera schachtii. Sikora (1992)
reported on the antagonistic behaviour of a Bacillus
subàlis isolate ro Meloùlogyne incognita on a number of
crops. Racke and Sikora (1992) isolated two strains of
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Resistance againsc G. pallida induced by rhizobaCleria

Table 1. Effects of a leaf inoculalion wich Bacillus sphaericus (B43) and Agrobacterium radiobacter (G12) on the penetration of
Globodera pallida inlO patata roots.

Leaf treatment

Control H 20 + 0.1 % methykellulose

Control Ringer + 0.1 % methylcellulose

B43 + 0.1 % methylcellulose

G 12 + 0.1 % methylcellulose

Penetrated juveniles / root

78 ab

47 b

80 a

81 a

Mean values with different letters are significantly different (Duncan's Multiple Range Test; P<;' 0,05; n = 6).

rhizobacteria with antagomsoc effects against the
potato cyst nematode G. pallida. Little is known on
the mode-of-action of such bacterial/nematode rela
tionship (Sikora & Hoffmann-Hergarten, 1993). In
the present study, two bacteria, B. sphaericus B43 and
A. radiobaCler G 12 were tested for their ability ta
induce systemic resistance against G. pallida. In
repeated tests, both bacteria caused large reductions
in nematode penetration that were clearly systemically
induced.

Systemic induced resistance has been reported in
several host-pathogen systems (Kuc, 1990) and is
defined as the process of active resistance dependent
on physical or chemical barriers of the host plant, acti
vated by biotic or abiotic inducing agents (K1oepper et
al., 1992). In earlier studies systemic resistance was
usually induced against leaf pathogens. However,
induced systemic resistance against root pathogens by
root and stem induction has been reported by Gessler
and Kuc (1982). Knowledge concerning induced
resistance toward plant parasitic nematodes is scarce.
Kiyohara (1986) obtained resistance against the pine
wilt nematode Bursaphelenchus xylophilus after preim
munisation with an avirulent strain of the same nema
tode. Decker and Dowe (1989) reported induced
tolerance in tomatoes against Globodera roscochiensis
after infestation with Heterodera schachtii, which they
speculated to be due to changes in plant physiology.
Whether these results are based on real induced resist
ance or on competition or occupation of the same
niche for survival is questionable. Glazer and Orion
(1985) observed a 70-80% reduction in female devel
opment of Meloidogyne javanica after soil treatment
with hydroxyurea. They attributed the effect ta
induced resistance. In the present study, bacteria
inoculation onto leaf surfaces did not affect nematode
penetration into roots. Therefore, it was not possible
to demonstrate the presence on the leaf surface of a
basipetal systemic mechanism affecting the root sys
tem. This could be explained by the origin of the bac
teria strains used, as they were isolated from
rhizosphere soil and, therefore, not adapted to leaf
surface conditions.

Vol. 21, no. 5 - 1998

In the present study, systemic resistance toward
G. pallida was elicited by living as weil as heat-killed
cells of B. sphaericus. In addition, culture filtrates
induced the same reaction against the nematodes, but
to an even stronger degree. The resistance inducing
activity of bacterial metabolites to diseases has been
described in literature. Schonbeck et al. (1980) iso-

Juveniles/g root

200

150

100

50

Conlr. 843 viable 843 dMd B4J CF G12 viabla Gl2 dead G12 CF

Fig. 4. The number of Juveniles of Globodera pallida which
had invaded the bacreria-free side of a split-root SYSIem. The
ocher side was inoculaced wich eirher viable bacteria, heac-killed
bacreria or culcure filcraces (CF) of Bacillus sphaericus (B4)
and Agrobacterium radiobacter (G12). (Mean values wirh
differenr Imers are significandy differenr; Duncan's Muleiple
Range Tesc; P :;; 0.01; n = 6).

lated a Bacillus subtilis strain whose metabolites are
able to induce systemic resistance against powdery
mildew on barley. Culture filtrates of several fungi and
bacteria protected beans against bean rust Uromyces
phaseoli. In our study, the weaker inducing activity of
viable and dead cells could possibly be related to the
lower content of active metabolites in cells than in
culture filtrates.

Viable and heat-killed cells of A. radiobacler also led
to a significant systemic reduction of nematode pene-
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tration, whereas the culture filtrate of the bacteria
showed no effect. Obviously, the mode of action of
A. radiobacter differs from mat of B. sphaen'cus and
A. radiobacter metabolites are unable to elicit resis
tance. A. radiobacler is known to express exopolysac
carides (EPS) and Iipopolysaccharides (LPS) on its
surface (Sutherland, 1985). These surface structures
of bacterial cell walls adhere specifically and strongly
to cell wall structures of me plant (Costerton el al.,
1987) and are important virulence factors of plant
pathogenic bacteria (Mansfield & Brown, 1986).
They are also considered to affect physiological reac
tions in plants. EPS and LPS were found in living and
in dead cells of me present G 12 isolate, but not in cul
ture filtrates (unpubl.). This could explain the activity
of cells and the lack of activity of me bacterial meta
bolites. It is quite clear that the two bacteria strains
examined in me present study have similar activity but
different modes of action.

Before elucidating the exact mode of action of me
induced resistance demonstrated here, a n umber of
questions still need to be answered. Because me
potato cyst nematode hatches only in the presence of a
hatching factor produced by the host plant, me sys
temic induced effects may be due to alteration in exu
dates or the respective amounts of mese factors in me
exudates (Perry & Clarke, 1981). Secondly, specific
exudates on the root surface are used by the cyst nem
atodes for host recognition (Zuckermann & ]ansson,
1984). These components of the foot exudates could
be altered by the rhizobacteria inducing resistance.
Thirdly, secrew in me root could be produced that
repel me nematode from the root due to adverse envi
ronmental conditions as in resistant green manures.
Fourmly, death of the juveniles may occur after pene
tration, caused by activity related tO giant cell forma
tion. These possibilities remain to be investigated. ln
conclusion, the results obtained here demonstrate for
the first time mat rhizobacteria have the ability to
induce systemic resistance against cyst nematodes
wimin me root system.
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New pathotypes of the beet cyst nematode (Heterodera schachtii)
differentiated on alien genes for resistance in beet (Beta vulgaris)
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Summary - Two populations (Schach 0 and Schach 1) of the beet cyst nematode, Hecerodera schachtii, were used (Q select for
new virulences to resistance genes transferred from Bela section Procumbenres into B. vuigaris (Hsl web-7 and additional resis
tance information on chromosome 7). Both nematode populations were able to produce a few cysts which were multiplied for
six successive generations on resistant plants. The two resulting p0g.ulations, selected from either Schach 0 or Schach 1, were
highly virulent on four monosomic additions with chromosome we -7 or pro-7. However, the population selected from Schach
o was unable tO break the resistance of translocation lines carrying resistance gene Hsi from chromosome pro-l, pro-7 or web-7,
whereas the population selected from Schach 1 was still virulent on these translocation lines. A resistance gene Hs2web-7 is
postulated to exist on chromosome 7, having an epistatic effect on Hsl web-7. The rwo new virulent pathotypes are named
Schach 2 and Schach 1,2. © OrstomlElsevier, Paris

Résumé - Nouveaux pathotypes du nématode à kyste de la betterave (Heterodera schachtü) différenciés sur des
gènes de résistance étrangers introduits dans la betterave (Beta vulgaris) - Deux populations (Schach 0 et Schach 1)
du nématode à kyste de la betterave, Heterodera schachlii, sont utilisées pour sélectionner de nouvelles virulences contre des
génes de résistance transférés de Bela section Procumbences à B. vulgaris (Hs 1web-7 et d'autres caractères de résistance localisés
sur le chromosome 7). Les deux populations du nématode ont produit quelques kystes sur des plantes résistantes et se sont
multipliées sur ces mêmes plantes pendant six générations successives. Les deux populations en résultant, sélectionnées à partir
de Schach 0 ou de Schach l, montrent une très grande virulence à l'égard de quatre lignées d'addition monosomique avec le
chromosome web-7 ou pro-7. Cependant, la population sélectionnée à partir de Schach 0, ne surmonte pas la résistance des
lignées de translocation portant le gène de résistance Hsl du chromosome pro-l, pro-7 ou web-7, alors que la population issue de
Schach 1 conserve sa virulence à l'égard de Hsl. Il est conclu qu'un gène de résistance Hs2web-7, ayant un effet épistatique sur
Hs 1web-7, existe sur le chromosome 7. Les deux nouveaux pathotypes virulents sont nommés Schach 2 et Schach 1,2.
© OrstomlElsevier, Paris

Keywords : Bela procumbens, Bela vulgaris, Bela webbiana, Heterodera schachlii, resistance, pathotype, virulence.

The beet cyst nematode (Heterodera schachtù) is a
major pest in sugar beet production. As the use of
nematicides is more and more restricted, alternative
control methods are urgently needed. Therefore,
attempts have been made in several countries to intro
duce monogenic resistance genes from three wild beet
species of the Beca section Procumbentes into the sugar
beet B. vu/garis. These resistance genes from
B. procumbens Chr. Sm., B. webbiana Moq., and
B. patellaris Moq. are inherited in a dominant way,
but they are not easy to transfer into B. vu/garis. The
research programmes have encountered crossing bar
riers, an extremely low frequency of introgression of
alien genes into the genome of sugar beet, and a
reduced sexual transmission of the introgressed genes.
Savitsky (1975, 1978) was the first to produce mono
somic additions (sugar beet with an added alien chro
mosome from wild beet, 2n = 19) and she later
se1ected diploid plants (translocations, 2n = 18). She

Fundam. appl. Nematol. 1164-5571198/051 © OrstomlElsevier, Paris

supposed that a single dominant gene was responsible
for full nematode resistance. Morphological studies
and isozyme analyses later proved the existence of six
different chromosomes in the wild beet species carry
ing major resistance genes: chromosome 1 of all three
wild beet species (PrO-l, web-t, pat-l) and chromosome
7 of B. procumbens (Pro-7) and B. webbiana (web-7)
(Loptien, 1984; Lange et al., 1988; Reamon-Ramos &
Wricke, 1992; Reamon-Büttner, 1994). Another
monosomic addition with incomplete resistance had
been described earlier Gung et al., 1986; Jung &
Wricke, 1987). Here, resistance was found ta be
located on the added chromosome 8 of B. webbiana
(Reamon-Ramos & Wricke, 1992; Reamon-Büttner,
1994).

Morphological studies and isozyme analyses do not
give information on the quality of the resistance
genes. Nematode-based investigations have been
essential in identifying the specificity of different
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genes. Using a virulent H. schachlii population
selected by Müller (1992), it was possible to demon
strate the existence of different resistance genes on
chromosomes pro-l and pro-7, giving a specific
response to the nematode populations. It was pro
posed to use the symbol Hs for resistance genes con
trolling H. schachlii. The different reactions to
pathotypes are specified by different numbers,
whereas the origin of the alien genes is indicated by an
additional superscript. The two genes differentiated
by the virulent nematode pathotype were named
Hs1 pro-1 and Hs2pro-7 (Lange el a!., 1993). Further
investigations proved the existence of the same genes
in B. procumbens and in B. webbiana and also of a dif
ferent response in resistance between monosomic
additions and translocation lines. It was concluded
that resistance gene Hs 1 occurs on pro-l as weil as on
pro-7, with chromosome 7 carrying additional resist
ance information (Klinke, 1995; Müller & Klinke,
1996; Klinke el al., 1996).

Molecular genetic technologies are also being used
to isolate the alien genes for beet cyst nematode resist
ance and to transfer such genes to culùvated beet
(Jung el al., 1990, 1992; Salentijn et al., 1992). After
successful identification and isolation of resistance
gene Hs 1pro-lof B. procumbens, the gene was trans
ferred into B. vulgaris and proved to be effective
against H. schachlii (Cai el al., 1997). Resistance to
H. schachlii transferred by molecular genetic technol
ogies is not yet available to farmers. The classical
breeding techniques, however, have already resulted
in marketable resistant sugar-beet hybrids and the
first resistant variety was registered in France in 1996
(Mahfoud el al., 1996).

Breeders used to consider H. schachlii to be a con
stant, homogeneous factor in the host-parasite inter
action. From an evoluùonary point of view, however,
this seems unlikely. On selected resistant monosomic
additions carrying chromosome pro-lof B. procum
bens, a low number of cysts is usuallY formed. This
was interpreted as an indication for the occurrence
of virulence genes at low frequency in natural
H. schachtii populations. Cysts from resistant plants
were collected and tested again. After six nematode
generations on plants carrying resistance of chromo
some pro-\, a virulent population was selected
(Müller, 1992). This population is called a pathotype
if the plant-nematode interaction is based on a gene
for gene relationship (Trudgill, 1986, 1991). Further
investigations showed that the virulent population was
able to break resistance from chromosome pro-l, but
not from chromosome pro-7 of monosomic additions.
It was therefore considered to be a pathotype and
named Schach 1 (Müller & Klinke, 1996).

The present study was undertaken to determine if
more virulences exist in H. schachlii and if they can be
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used for a further differentiaùon of resistances derived
from the Beta section Procumbentes.

Materia1s and methods

NEMATODE POPULATIONS

A collection of 146 H. schachlii populaùons,
obtained from different geographical origins in Ger
many and other European countries, is maintained at
the Nematology Insùtute in Münster. Ali the popula
tions were started from soil samples of 2-3 kg, taken
from individu al fields known to be infested with
H. schachlii. Avirulent populations are maintained on
rape (Brassica napus var. napus) cv. Velox. Populations
virulen t to resistance gene H s 1pro-l are multiplied on
a diploid homozygous resistant translocation tine with
gene Hs1 pro-1

. This translocation line originates from
B 883 (Heijbroek el al., 1988), it was called Pro 1 by
Müller (1992), and was obtained from the breeding
company as KWS-NR1. Nematode population N°
129 was used for the experiments reported here. The
avirulent population is called Schach 0, the virulent
one is ca lied Schach 1 (Müller & Klinke, 1996).
Details on maintaining the populations have been
described previously (Müller, 1992).

PLANT MATERIALS

Resistance to H. schachlii in the plant materiallisted
in Table 1 came from two wi1d Beta species of the sec
tion Procumbentes, B. procumbens Chr. Sm. and B. web
biana Moq. (2n = 18). Eight resistant stocks
originating from interspecific breeding programmes
were used. Seven stocks had been selected either from
resistant monosomic additions (2n = 19) or from dip
loid translocation lines (2n = 18), both interbred with
diploid susceptible sugar beet. Because of incomplete
transmission of resistance, particularly in the addition
lines, the offspring segregate to less than 50% resist
ant plants. The transmission rates of resistance are
reported to be only 10-20% in addition lines (Lange el
al., 1990). The eighth stock, KWS-NR1, which con
tains resistance gene Hs1 Pro-1, is a diploid line with
homozygous resistance; its progeny is 100% resistant.
One plant of the monosomic addition 14026, which

. h 1 h web-7 dcontams t e comp ete c romosome , was teSte
twice for its resistance to Schach 0 and was then
cloned in order to ob tain sufficient plant materia1 for
selection of virulence in H. schachlii. Cloning of the
monosomic addiùon was done by Dieckmann-Heim
burg Saatzucht, Nienstadt. Seeds of monosomic addi
tions and diploid translocation lines were obtained
from Hannover University, Institut für Angewandte
Genetik. Seeds of KWS-NR1 were produced by
Kleinwanzlebener Saatzucht AG, Einbeck. In ail
experiments, the susceptible sugar beet cv. Désirée
was used as control.
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Table 1. Genelic charaClerislics, names of plant malerial, and sources of resislance.

Monosomic additions
(2n =19)

Diploid translocation

lines (2n = 18)

Diploid homozygous resistanr
translocation line (2n = 18)

Name of beet stock

6019

6022

8605

14026

12572

Web II

Pro 3

KWS-NR 1

Origin of added
chromosome or of

resistance gene

Chromosome 7
Chromosome 7

Chromosome 7

Chromosome 7

Chromosome 7

Chromosome 7

Chromosome 7

Chromosome 1

From wild Beta species.

B. webbiana

B. webbiana

B. procumbens

B. webbiana

B. procumbens

B. webbianci

B. procumbens

B. procumbens

EXPERIMENTAL DESIGN

Tests for resistance were carried out as described by
Müller (1997). Loess was used as a substrate for plant
cultivation in ail experiments. It was obtained from
the brown coal open-cast mining near Garzweiler/
Rhineland, from soil depths of 3-5 m. Steiner solution
was added for better nutrient supply. The seed was
treated with thiram to prevent infection with Phoma
becae, then germinated in loess. PVC tubes (2 x 4 x
12 cm) were put into boxes containing 120 tubes each
(in ten rows of twelve tubes). Single seed!ings were
transplanted into the PVC tubes filled with loess. The
different beet stocks were planted in lines of twelve
plants and these were randomised over ail the boxes.
The total number of plants per beet stock is indicated
in Figs 2 and 3. Fourteen days later, 1000 juveniles of
H. schachlii were inoculated per plant. The plants
were cultivated in a greenhouse at ca 20°C, with
14 h/day artificial light between October and March.
The tests were evaluated 6 weeks after inoculation.
The loess was washed through a kitchen sieve
(l mm), then through a 100 I!m sieve. The cysts were
collected on the 100 I!m sieve, together with sorne
larger loess particles. Both, cYStS and loess panicles,
were transferred onto a smaller 100 I!m sieve and
rinsed in 20% acetic acid for 5 min. The loess parti
cles dissolved quickly and were removed by shaking
the sieve in water. The cysts were transferred tO a fil
ter paper and counted under a stereoscopic micro
scope at la x magnification.

To gather reliab1e information on the resistance of a
beet stock with respect to the virulence of the nema
tode population inoculated to this stock, it was neces
sary to test a high number of plants due to the often
low transmission rares of resistance. The teSt condi-
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tions must be suitable to distinguish between resistant
and susceptible plants, which means that their
frequency distributions should not overlap. Ali
conclusions concerning resistance/virulence depend on
the correct classification of plants as resistant or sus
ceptible.

The segregating addition and translocation lines
could not be analysed statistically. Ali data are there
fore presented in frequency distributions with a class
width of ten cysts per plant. In ail resistance tests, the
susceptible cv. Désirée was used tO obtain information
on the test conditions. In general, it was found here
that a minimum of 40 cYStS per plant were needed.
Lower cyst numbers indicated unfavourable test con
ditions and the risk of misinterpretation in the segre
gating breeding !ines. Less than 30 cysts were found
on resistant plants. The frequency distributions
allowed a reliable distinction between susceptible and
resistant plants.

Experiments and results

SELECTION FOR VIRULENCE

Two populations were used separately in this first
screening for virulence to resistance located on chro
mosome 7: the avirulent 'natural' Schach a and the
virulent Schach l, which is able to break resistance
gene Hs 1web-7. In Fig. l, the different steps for viru
lence selection from Schach a are presented. The
same procedure was applied when using Schach 1
instead of Schach O. The first step was differentiation
between resistant and susceptible plants in the addi
tion line 14026 carrying the resistance gene Hs1 web-7,

but also additional resistance information on chromo
some 7. Both populations were able to produce a few
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Fig. 1. Selection for virulence UJ resistance located on chromosome 7 shown al lhe example of Schach O. The numbers J-6 indicale six
successive generacions.

cysts on resistant plants of the monosomic addition
14026.

During the rest of the selection process, the two
populations were again kept strictly separate. In the
example in Fig. 1, Schach 0 produced four cysts on
plant N° 30. These were multiplied on rape, the juve
niles hatched and they were inoculated to the same
plant N° 30. The resulting cysts constitute the second
generation on resistant plant material. The third and
the fourth generations were multiplied on addition
line 12572, which carries chromosome pro-7 of
B. procumbens. This addition line was used as no more
seeds of 14026 were available. To establish nematode
generations five and six, a resistant plant of 14026 was
cloned in cell cultures and the clone N° 395002,
regenerated to normal plants, was inoculated with

juveniles of the fourth generation. This clone was also
used for the data presented in Table 2. After six gener
ations, virulent populations had been selected. They
were provisionally named Schach x (from Schach 0)
and Schach y (from Schach 1).

The multiplication potential of these virulent popu
lations is presented in Table 2. Resistant plants of
clone 395002, grown in loess in 600 ml plastic pots,
were inoculated with 3000 juveniles of Schach 0,
Schach 1 and the two new virulent populations. Cysts
were extracted 7 weeks after inoculation. Both popu
lations, Schach x and Schach y, multiplied equally
weil and showed no difference in virulence. Only a
few cystS developed from juveniles of Schach 0 or
Schach 1.
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TRANSLOCATION UNES WEB Il AND PRO 3

TRANSLOCATION UNE KWS-NR1

Table 2. Multiplication of four populations on cloned plants
carrying chromosome 7 of Beta webbiana (monosomic addition
fine 14026).

CHROMOSOME-7 ADDITION UNES

Schach x and Schach y had been selected on a web-7

addition (14026) and proved to be highly virulent
(Table 2). To find an explanation for the unexpected

ceptible to Schach x and Schach y. This confirms the
results presented in Table 2.

Discussion

Lange el al. (1993) postulated the existence of a
resistance gene Hs2pro-7 on chromosome 7 of the
monosomic addition AN 101 as this beet stock proved
to be resistant to the pathorype selected by Müller
(1992). Later K!inke el al. (1996) demonstrated that
only monosomic additions with the complete chromo
some 7 give a resistant response to the pathorype but
the diploid translocation lines Web Il and Pro 3 are
susceptible. They postulated the existence of more
than one resistance gene on chromosome 7. As the
resistance in Web Il and Pro 3 is overcome by the
pathorype - later called Schach 1 by Müller and
Klinke (1996) -, it was concluded that chromosomes
1 and 7 carry the same or very similar resistance
genes. Moreover genes Hs 1pro-7 and Hs 1web-7 were
considered to be identical. This supports the assump
tion of a close relationship between B. procumbens and
B. webbiana (Wagner el al., 1989; Reamon-Ramos &
Wricke, 1992). The results presented in Fig. 2 agree
with this hypothesis.

However, the reactions of Web Il and Pro 3 to
infestation with the pathorype Schach x are inconsist
ent with the concept of a resistance gene Hs 1web-7 on
the monosomic addition 14026. Schach x was
selected on 14026 and it was able to break ail resist
ance information of the added chromosome 7. At this
point, the identiry of Hslweb-7 in Web Il and in
14026 seemed doubtful and more information was
needed. The results of further experiments (presented
in Fig. 3) confirm those in Fig. 2: if chromosome 1
and chromosome 7 carry identical resistance genes
and if, in addition, these genes from B. procumbens
and from B. webbiana are homologous, then the trans
location !ine KWS-NR 1 should give the same reac
tion as Web Il and Pro 3 did. In fact, the population
Schach x did not break resistance of KWS-NR 1
(Fig. 3).

As there was still no explanation for the unexpected
results, the four nematode populations were tested on
three other chromosome-7 additions. The combined
data are presented in Fig. 3. The beet stocks segre
gated into resistant and susceptible plants when
inoculated with Schach 0 and Schach l, whereas
Schach x and Schach y were able to break ail resist
ance information. This fits with the virulence
observed on addition 14026.

Another surprising fact was already evident during
the process of selection for virulence. It was expected
that, as the selection process started with pathorype
Schach l, an increase of virulence would occur. With
Schach 0, this process was supposed ta take much
more time, if it occurred at ail. The probabiliry of

2.4 ± 2.1
1.9 ± 2.0

335 ± 143
321 ± 161

Mean of eysts/plant
(± SD)

17

17

18

18

Number of plants
(n)

Population

Sehaeh 0
Schaeh 1
Sehaeh x
Sehaeh y

This diploid beet is homozygous for its resistance
gene Hs 1pro-l, and consequently ail plants were resist
ant when inoculated with Schach 0 (Fig. 3). Schach 1
overcomes the resistance, as anticipated, but Schach x
is obviously avirulent. The numbers of cysts per plant
produced by Schach y are not as high as expected but
they do not indicate resistance in KWS-NR 1.

Translocation lines Web Il and Pro 3, carrying
resistance genes Hs 1web-7 and Hs 1pro-7 , respectively,
reacted identically to the four nematode populations,
as demonstrated by the frequency distributions in
Fig. 2. The two beet stocks included both resistant
and susceptible plants when inoculated with Schach
O. Schach 1 and Schach y break the resistance, in con
trast to Schach x. The avirulence of Schach x was not
expected as this nematode population was selected for
virulence to chromosome 7, which carries resistance
gene Hs1. More beet stocks with different sources of
resistance were tested to explain this phenomenon.

results presented in Figs 2 and 3, the virulences of the
two populations were checked on different beet stocks
carrying the added chromosome 7. The additions
6019, 6022, and 8605, inoculated with the four
nematode populations, segregated identically and the
results are therefore combined in one frequency dis
tribution (Fig. 3). The transmission rate of these beet
stocks is low and consequently the majoriry of plants
is susceptible, independent of the inoculated popula
tion. The distributions show, however, that these
addition lines include plants resistant to Schach 0 and
Schach l, whereas ail plants are considered to be sus-
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Fig. 2. Frequency dislributions of cysls per plant for Ihe lranslocalion !ines ~b J J and Pro 3 (bolh carrying HsJ of chromosome 7)
inoculaled with four seleeted populations.

overcoming two independent resistance genes is much
higher if one virulence is already present in the nema
tode. However, there was no difference in selection for
virulence in the two populations as multiplication
rates were almost the same (Table 2).

These contradictory observations can be explained
by epistasis between the resistance genes. If resistance
gene Hs 1web-7 is hypostatic in the presence of the
other resistance gene, it will have no effect in the proc-

ess of virulence selection. This wouId explain the
rapid loss of resistance of 14026 to pathotype Schach
o and it would also expia in the lack of virulence of
Schach x to Web Il, Pro 3 and KWS-NR 1. This epi
static gene is named Hs2 web-7 . It is a dominantly
inherited factor and it is probably identical with
Hs2web-7 postulated by Lange el al. (1993). Hs2 does
not seem to be located in the viciniry of Hsl on chro
mosome 7. Ali translocation lines carrying resistance
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of chromosome 7 proved ta be susceptible ta Schach
1, which indicates a low probability of these two genes
being translocated together. According to the two
resistance genes, the two new virulent H. schachtii
populations, named previously Schach x and Schach
y, are named Schach 2 and Schach 1,2 respectively.
Schach 2 is virulent only to resistance gene Hs2.
Schach 1,2 is able to overcome resistance of both
genes, Hs 1 and Hs2, even if they occur separately.

Vol. 21, no. 5 - 1998

Thus, we now have ta distinguish between four patho
types.

Until now, the virulent pathorypes have been
selected only in the greenhouse, but we must expect
to find them in field conditions as weil if resistant
sugar beets are grown intensively. Ir is important ta
realize that the virulence of Schach 1, which was
already present when starting the selection process on
14026, was not lost after six generations without the
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selection pressure of an active resistance gene Hs 1
(Figs 2, 3). Therefore, it is doubtful whether alternat
ing cultivars with different resistance genes would
solve the problem of resistance-breaking pathotypes in
practice. Combining different and independent resist
ance genes in the same cultivar is more promising, but
also much more difficult to achieve.
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Summary - Four known and rwo new species of me genus Coomansus Jairajpuri & Khan, 1977, inhabiting differenr areas of
New Zealand, rhe Anrarcric Peninsula, and Subanrarcric America, are srudied. A morphomerric analysis is carried our ro diffe
rentiare berween C. gerlachei (de Man, 1904), C. mesadenus (Clark, 1960), C. composlicola (Clark, 1960), C. inleslinus (Vinci
guerra & La Rosa, 1990), C. meridumalis sp. n., and C. magellanieus sp. n. C meridwnalis sp. n. is characrerized mainly by body
lengrh (2.10-2.65 mm), buccal cavity size (39-45 X 18-22 J.lm), apex of the dorsal rooth at 84-95 % of the rotai buccal cavity
measured from me base, spicule length (94-11 0 ~lm), very slender lateral guiding pieces, conoid and venrrally curved tail with
rounded terminus, and absence of spinnerer. C magellanieus sp. n. can be separated from the other species of the genus by the
following combinat ion of characters: body length (1.7-2.1 mm), buccal cavity size (32-36 X 18-22 J.lm), apex of the dorsal rooth
at 76-80 % of the rotai buccal cavity from base, spicule length (97-98 J.lm), not very slender lateral guiding pieces, conoid and
ventraIJy arcuate tail with broadly rounded terminus, and absence of caudal glands. © OrstomlElsevier, Paris

Résumé - Étude rnorphornétrique sur le genre CoomansusJairaJpuri & Khan, 1977 (Nernatoda : ,Wononchida) et
description de deux nouvelles espèces provenant de l'aire subantarctique - Quatre espèces déjà connues et deux
nouveIJes appartenant au genre Coomansus Jairajpuri & Khan, 1977, provenanr de différenres régions de la Nouvelle Zélande,
de la Péninsule Antarctique et de l'Amérique subantarctique, sonr étudiées. Une analyse morphométrique a été réalisée en vue
de différencier C. gerlachei (de Man, 1904), C. mesadenus (Clark, 1960), C compoSlicola (Clark, 1960), C. inteSlinus (Vinciguerra
& La Rosa, 1990), C. meridwnalis sp. n. and C. magellanicus sp. n. C. meridionalis sp. n. est principalement caractérisé par la
longueur du corps (2,10-2,65 mm), la taille de la cavité buccale (39-45 x 18-22 !lm), l'apex de la dent dorsale situé à 84-95 %
de la longueur totale de la cavité buccale mesurée à partir de sa base, la longueur des spicules (94-110 J.lm), les piéces-guides
latérales très minces, une queue conoïde, courbée ventralemenr, à extrémité arrondie, et l'absence de filière. C. magellanicus sp.
n. peut être distingué des autres espèces du genre par la combinaison de caractères suivante: longueur du corps (1,7-2,1 mm),
taille de la cavité buccale (32-36 X 18-22 J.lm), apex de la dent dorsale situé à 76-80 % de la longueur totale de la cavité buccale
mesurée à partir de sa base, longueur des spicules (97-98 J.lm), pièces-guides latérales pas très minces, queue conoïde, arquée,
à extrémité largement arrondie, absence de glandes caudales. © OrsromlElsevier, Paris

Keywords: Coomansus meridionalis sp. n., Coomansus magellanieus sp. n., Mononchida, Nematoda, Subantarctica, taxonomy.

Five species of the genus Coomansus Jairajpuri &
Khan, 1977 are known from the Antarctic and Suban
tarctic Terrirories and New Zealand Islands: C. ger
lachei (de Man, 1904) Jairajpuri & Khan, 1977,
C. campbelli (Allgén, 1929) Jairajpuri & Khan, 1977,
C. composticola (Clark, 1960) Jairajpuri & Khan,
1977, C. mesadenus (Clark, 1960) Jairajpuri & Khan,
1977, and C. inceslùlus (Vinciguerra & La Rosa, 1990)
Andrassy, 1993. These species were studied by Loof
and Winiszewska-Slipinska (1993) and Andrassy
(1993) who gave dichotomous keys for all large
Coomansus species with the dorsal tooth located in the
anterior half of the buccal cavity. Populations of sorne

Fundam. appl. NemaLOI. 1164-5571198/05/,b, OrSlOmlElsevier, Pan's

of these species were recorded from widely separated
geographic areas, e.g. C. campbelli, a species described
from Campbell Island, was reported by Mulvey and
Jensen (1967) from Nigeria and by Coetzee (1968b)
from South Africa. Mulvey and Jensen (1967) point
out that their specimen differs from those collected
near the type locality and described by Clark (1963).
In our opinion, this specimen represents a different
Coomansus species. However, Coetzee (1968a) later
described her material as Mononchus jugalis, a species
since transferred to the genus Clarkus Gairajpuri,
1970; Jairajpuri & Khan, 1977) and synonymized
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with C. sheri (Mulvey, 1967) by Andrassy (1983), a
decision supported by de Broin and Heyns (1992).

The present paper studies the rest of the above
mentioned species, with a review of specimens previ
ously described by Clark (1960, 1963), Chaves
(1990), and Vinciguerra and La Rosa (1990) and with
detailed descriptions and illustrations of more recent
collections. C. meridionalis sp. n. and C. magellanicus
sp. n. are described from subantarctic localities of
New Zealand (Campbell Island) and Chile, respec
tively.

Materials and methods

For this study, the following type mate rial was
examined from The National Nematode Collection of
New Zealand (Wouts, 1973): C. mesadenus, male and
female paratypes, slides nO 410,412,414-418,421
424, 430 and 431; C. composticola, allotype and male
and female paratypes, slides nO 444, 447, 448, 450
454,458,465 and 466.

Other specimens, originating from Campbell
Island, labelled as M. mesadenus by Dr Clark and as
Clarkus in the collection of Dr Wouts were added,
along with specimens of C. gerlachei loaned by Dr
Chaves, the female paratype of C. intestinus loaned by
Dr Vinciguerra and material collected from southern
Chile by Dr Bello.

The most recently collected specimens were
extracted by the Flegg (1967) technique, killed and
fixed by heat in EG. 4: l, processed in hot lactophe
nol, and mounted in pure glycerin.

All previously described specimens used in the
present work were remeasured. The univariate analy
sis of variance (ANOVA) was used to test significant
differences in selected characters between groups of
individuals. The grouping was checked using princi
pal component analysis (PCA), an objective ordina
tion method which emphasizes the major pattern of
the variation in order to better search for species sepa
ration (for univariate and multivariate methods see
i. al. Sneath & Sokal, 1973; Afifi & Clark, 1990; Sokal
& Rohlf, 1994).

Morphometric studies

The primary purpose of this study was to determine
characters for the separation of the 53 female and
24 male specimens of the analysis. Table 1 shows the
measuremems of four females and four males of
C. gerlachei described by Chaves (1990) from the
Antarctic Peninsula, sorne male and female para types
of C. mesadenus described by Clark (1960) from
different localities on New Zealand Islands, speci
mens of the same species described by Clark (1963)
from Campbell Island, and one female paratype of
C. imeslinus from Tierra dei Fuego (South America).
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The measurements of the allotype and sorne para
types of C. composticola are given in Table 2. Table 3
contains measurements of specimens from Campbell
Island, supplied by Dr Wouts, described below as
C. meridionalis sp. n., and of specimens collected from
southern Chile by Dr Bello, named here C. magellani
cus sp. n. The tables include ail characters or variables
used in this study.

A preliminary study of the data revealed significant
(P < 0.01) linear correlations between sorne measure
ments. Thus, in females, the body length was corre
lated with labial diameter, buccal cavity length, buccal
cavity diameter, nerve ring and excretory pore dis
tances to anterior body end, and pharynx length.
N evertheless, there were no significam correlations
with respect to height of the lip region, length of the
amphid aperture, and tail length. Likewise, in males,
significant correlations were found between body
length and buccal cavity length, nerve ring distance to
anterior body end, pharynx length, and tail lengrh.
This correlation was low with respect to the height of
the lip region and length of the amphid aperture and
gubernaculum length. As there were few highly signi
ficant (P < 0.01) correlations, a total of twenty varia
bles for females and nineteen for males were used in
the analysis.

Each single variable was analysed using one-way
ANOVA, ta establish which ones gave significant dif
ferences (P ~ 0.01) among the species (Table 4). In
females, significam differences were found for twenty
variables, but only for fifteen in males. Because of
this, characters with less significant differences (i.e., b,
c and T indices and variables related to amphid and
gubernaculum) were removed from the analysis.

A principal components analysis was carried out on
log transformed data. In females (Fig. 1), the first two
principal components account for 44.2 and 25.1 % of
the total variation, respectively. The first principal
component (axis 1) is dominated by high positive
weights for body lengrh, labial diameter, buccal cavity
lengrh and diameter, nerve ring and excretory pore ta
anterior body end distances, and pharynx and vagina
length. Ir provides an ordination of the individuals
that is much in agreement with the linear measure
ment variables. Note that index variables are not
essential elements on this axis. Consequently, this
component can be interpreted as a general size axis
that separates the individuals (and species) by their
sizes. On the contrary, the second principal compo
nent (axis II) arranges the individuals more on the
basis of index variables, a, b, c' and apex indices and
tail length, which have a negative weight. This com
ponent represents shape and indicates how shapes
separate individuals. Both axes provide separate ordi
nations of the individuals in groups that identify the
species considered. Thus, C. composlicola (below) and
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Morphomem'c slUdies on Coomansus

Table 1. Morphomelric data of remeasured specimens of Coomansus gerlaehei, C. mesadenus and C. intestinus (aU measuremenlS
in /lm, excepl L in mm)

C. gerlachei C. mesadenus C. imestinus

Antaretie Peninsula New Zealand Islands Campbell Island Tierra dei
Fuego

Females Males Female Males Females Males FemaJe
(paratypes) (paratypes) (paratype)

n 4 4 7 11 Il 1 1
L 3.51 ± 0.43 3.40 ± 0.18 3.35 ± 0.28 3.18 ± 0.26 3.35 ± 0.30 3.51 1.76

(2.85-4.07) (3.24-3.67) (3.01-3.75) (2.68-3.66) (2.93-4.05)

a 36.6 ± 5.8 38.0 ± 0.7 37.0 ± 3.7 35.0 ± 3.7 38.8 ± 3.0 38.2 32.5
(28.0-43.9) (37.2-38.8) (34.0-44.5) (28.1-41.3) (34.9-45.8)

b 5.2 ± 0.2 4.8 ± 0.1 4.5 ± 0.2 4.3 ± 0.2 4.6 ± 0.2 4.7 4.3
(4.9-5.6) (4.7-5.1) (4.2-4.9) (4.0-4.7) (4.3-4.9)

e 17.2 ± 1.6 20.9 ± 0.7 13.5 ± 1.3 19.4±1.8 15.2 ± 0.9 22.6 12.7
(15.2-19.2) (20.2-22.0) (11.8-15.8) (16.7-23.5) (13.1-16.7)

e' 3.8 ± 0.2 2.0 ± 0.1 4.8 ± 0.6 2.5 ± 0.2 4.4 ± 0.3 2.2 4.1
(3.5-4.0) (1.8-2.1 ) (3.6-5.6) (1.9-2.8) (3.8-4.9)

vrr 52.7 ± 1.7 52.7 ± 1.7 54.3 ± 1.3 53.5 ± 4.5 54.5 ± 1.3 56.9 58.6
(51.5-55.6) (50.6-55.3) (52.5-56) (41.1-59.5) (52.8-57.1)

G} 12.6 ± 2.3 12.9 ± 1.5 12.7 ± 0.7 16.2
(10.9-16.5) (10.4-15.4) ( 11.8-13.8)

G2 12.9 ± 3.4 12.3 ± 1.3 12.7 ± 0.6 14.1
(10.9-18.8) (10.7-14.7) (11.7-13.7)

Max. body diam. 96.7 ± 8.8 89.4 ± 3.2 91.3 ± 11.1 91.7 ± 10.5 86.7 ± 9.5 92.0 54.0
(81.5-103.5) (86.5-94.5) (74.5-110.0) (76.0-115.0) (67.0-103.5)

Cuticle at head 3.2 ± 0.5 2.8 ± 0.5 5.7± 1.0 5.0 ± 0.8 4.5 ± 0.4 4.0 2.0
(2.5-4.0) (2.5-3.5) (4.0-7.5) (3.5-6.5) (3.5-5.0)

- at midbody 3.9 ± 0.7 4.4 ± 1.2 6.3 ± 1.3 6.0 ± 0.6 5.1 ± 0.7 6.5 3.0
(2.5-4.5) (3.0-6.0) (4.5-8.0) (5.5-7.5) (4.0-6.0)

- on tail 5.0 ± 0.2 4.2±1.1 8.8 ± 0.5 6.5 ± 1.2 8.0 ± 1.7 8.5 3.5
(5.0-5.5) (3.0-6.0) (8.0-10) (5.0-8.5) (5.0-10.0)

Lat. ehord 36.7 ± 3.5 31.4 ± 5.0 16.1 ±3.4 16.2 ± 3.9 18.5±2.5 14.0 16.0
(31.5-41.5) (23.5-36.0) (12.0-21.5) (11.5-23.0) (11.0-20.5)

Head diam. 43.5±3.1 43.7 ± 0.6 43.1 ± 3.4 42.3 ± 1.6 44.1 ± 1.5 45.0 35.5
(39.5-48.0) (43.0-44.5) (39.0-48.0) (39.5-44.5) (41.0-46.5)

- beight 14.7 ± 2.3 15.0±0.7 14.9 ± 2.3 15.6 ± 1.4 15.5±1.l 14.5 13.0
(13.0-18.5) (14.0-16.0) (12.0-19.0) (14.0-19.0) (12.5-17.0)

Amphid 5.2 ± 0.2 6.0 ± 0.5 6.1 ±0.4 6.2 ± 0.5 5.2 ± 0.6 5.5 5.0
(5.0-5.5) (5.5-6.5) (6.0-7.0) (5.5-7.0) (4.5-6.5)

Buee. eav. length 49.7 ± 1.2 49.5 ± 0.6 49.5 ± 3.7 49.2 ± 1.5 51.1 ± 1.8 53.0 38.0
(47.5-51.0) (49.0-50.5) (44.0-54.0) (47.5-52.5) (48.5-55.0)

- diameter 27.4 ± 1.2 25.2 ± 1.5 26.4±2.1 25.1 ± 1.2 25.5 ± 1.5 23.0 21.0
(25.5-29.0) (22.5-27.5) (23.0-29.5) (23.5-27.0) (23.0-28.0)

Dors. tooth apex 85.4 ± 1.1 85.6 ± 2.1 87.6 ± 2.0 88.3 ± 2.4 90.7 ± 1.5 92.0 86.0
(84.6-87.3) (82.1-87.6) (85.0-91.5) (84.6-93.4) (88.5-93.0)

Nerv. ring-ant. 201.4 ± 22.0 225.0 ± 4.3 215.4±8.2 215.6±20.4 214.9 ± 19.3 215.5 135.0
end (166-220) (219-231 ) (197-221.5) (165-241.5) (179.5-255.5)
Exer. pore-ant. 224.7 ± 22.9 248.5 ± 4.5 250.1±16.0 243.8 ± 22.2 242.4 ± 20.5 246.0 172.5
end (188-248.5) (242-254.5) (225.5-272.0) (183-277) (197-282)
Pharynx length 626.9 ± 60.8 654.7 ± 21.4 682.0 ± 29.5 688 ± 32.7 683.2 ± 43.1 692.5 374.5

(524-683) (630.5-685) (623.5-713.5) (611-743) (631-783.5)

End of Table J neXI page
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Table 1. (End).

Female Males Females Males
(pararypes) (paratypes)

37.6 ± 1.3 45.1±4.2
(36.0-39.0) (40.0-52.0)

248.4 ± 10.1 164.1 ± 11.8 220.1 ± 16.9 155.0
(236.5-267.5) (148.5-184.5) (197.5-258)

134.5 ± 5.8 129.5
(119.5-142)
37.3 ± 4.0 39.0
(27.5-41.5)

C. gerlachei

Antarctic Peninsula

Females Males

Vagina length 59.1 ±8.5
(48.5-71.5)

Tail 204.2 ± 13.0 162.7 ± 10.7
(188-221) (147-177)

Spicules 155.5 ± 6.2
(147-164.5)

Gubernaculum 39.5 ± 1.0
(38.0-40.5)

Lat. guid. pieces 33.5 ± 0.5
(33.0-34.5)

Supplements 10.0±0.7
(9-11)

Sperm 16.2 ± 1.3
(14.5-17.5)

Egg length 172*
- diameter 66.5*

*n=1;**n=2.

C. mesadenus

New Zealand Islands

10.0 ± 0.7
(9-11 )

8.2 ± 1.2
(7.0-10.0)

117,127.5**
66, 68**

Campbell Island

11

8.5

C. imestilllls

Tierra deI
Fuego

Female
(pararype)

25.0

138.0

C. magellanicus sp. n. (above) are on the left of the
graph, C. mendionalis sp. n. is in the center, and the
specimens of C. mesadenus and C. gerlachei, two spe
cies that do not separate clearly in this analysis, are on
the right of the graph.

In males (Fig. 2), the first two principal cornpo
nents explain 55.4 % and 13.0 % of the variance,
respectively. The first principal component arranges
more species by size alone than in the females, which
means that the second and next components only
make minor contributions to ordination. The main
elements of the first axis are body length, labial dia
meter, buccal cavity length and diameter, nerve ring
distance to the anterior body end, and pharynx, tail
and spicules length. Besides spicule length, tail length
is the most important character for separating the
individuals, unlike in females. In the corresponding
graph, showing the first two axes only, the individuals
and species are plotted as for the females. From the
two graphs, the separation as new species of C. meri
dionalis sp. n. and C. magellanicllS sp. n. appears ta be
justified, but this is not so for the specimens of
C. mesadenus and C. gerlachà. This result is confirmed
by ANOVA results (Table 4) which, in the multiple
range test, show high significant differences bet\veen
both males and females of these two species in only
few of the characters considered, i. e., band c' indices,
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lateral chord, and apex in addition ta vagina and spi
cule length.

Coornansus gerlachei (de Man, 1904)
Jairajpuri & Khan, 1977

(Figs 3,4)

Four male and four female specimens of this species
were available for study. Measurements are given in
Table 1. They agree weil with the description by
Chaves (1990), except that two intestinal cons tric
tions are clearly visible in both sexes.

Steiner (1916) reported this species from the
Comores Islands, but this record is doubtful because
it is based on juvenile specimens only. Mulvey (1978)
reported a single male specimen from Canada. This
seems ta be an exceptional finding since, otherwise,
the species is known only from Antarctica.

Coornansus rnesadenus (Clark, 1960)
Jairajpuri & Khan, 1977

(Figs 5, 6)

Measurements of C. mesadenus male and female
paratypes from New Zealand Islands and specimens
from Campbell Island are given in Table 1. They agree
with those by Clark (1960), who considers this spe
cies, along with C. gerlachei, C. major (Cobb, 1893)
Loof & Winiszewska-Slipinska, 1993, and C. composli-
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Morphomelric su/dies on Coomansus

Table 2. Morphomelric data of remeasured specimeTlS of Coomansus composticola from New Zealand Islands (ail measurements in
f.1m, excepl L in mm)

n

L

a

b

c

c'

vrr

Max. body diam.

Cuticle at head

- at midbody

- on ta il

Lat. chord

Head diam.

- height

*n=6

Male
(allotype)

3.37

43.0

4.6

20.4

2.5

51.2

78.5

4.0

4.5

4.5

14.0

37.5

13.5

Male
(paratypes)

3.53

4.8
39.1

19.1

2.8

58.9

90.5

3.5

4.0

4.5

27.5

34.5

11.5

Female
(pararypes)

14

2.28 ± 0.21
(1.78-2.68)

34.9 ± 2.3
(29.8-38.2)

4.6 ± 0.2
(4.2-4.8)

8.3 ± 0.4
(7.5-8.9)

7.1±0.4
(6.4-8.1 )

51.1 ± 1.4
(48.9-55.4)

9.8 ± 1.4
(8.4-12.7)

9.6 ± 1.7
(7.4-12.9)

65.5 ± 6.2
(56.0-78.0)

2.8 ± 0.6
(2.0-4.0)

3.8 ± 0.7
(2.5-5.5)

5.9 ± 0.9
(4.0-7.5)

15.8 ± 3.3
(12.0-23.5)

28.9 ± 1.5
(26.5-32.0)

11.0 ± 1.1
(9.0-13.0)

Amphid

Buee. cayo length

- . - diameter

Dors. tooth apex

Nerv. ring-am. end

Excr.
pore-am. end

Pharynx length

Vagina length

Tail

Spicules

Gubernaculum

Lat. guid. pieces

Suppl.

Sperm

Egg length

Egg diameter

Male
(allotype)

50.0

22.5

90.5

213.5

234.5

688.5

165.5

127.0

31.5

29.5

13

10.0

Male
(paratypes)

4.5

48.0

21.0

88.0

227.5

250.5

694.5

184.5

122.0

31.0

30.0

13

9.5

Female
(pararypes)

4.2 ± 0.3
(4.0-4.5)

35.1 ± 1.6
(31.5-38.0)

18.0±0.9
(15.5-19.0)

90.3 ± 2.2
(85.0-93.5)

165.9± 10.1
(143-181)

184.8 ± 9.2
(169-203)

466.2 ± 30.2
(399-516)

28.8 ± 2.7
(24.0-35.0)

273.6 ± 17.3
(236.5-302)

124.4 ± 6.5*
(112.5-131.5)

57.1 ± 3.3*
(51.5-61.5)

cola, to constitute a southern group of c10sely related
species. Loof and Winiszewska-Slipinska (1993) sepa
rate C. mesadenus from C. gerlachei by the lengrh of the
spicules (about 70 ~lm in C. mesadenus vs 160 ~ in
C. gerlachez). Our study showed mat spicule length is
120-142~ in C. mesadenus and that there are sIender
lateral guiding pieces in the male, which were over
looked by Clark CI 960). Moreover, C. mesadenus has
reduced caudal glands and a ventrally subterminal
caudal pore in the male. Ir can be distinguished from
C. gerlachei by the longer tail, shorter spicules and egg

Vol. 21, no. 5 - 1998

and sperm size. If C. mesadenus and C. gerlachei were
the same species it would occur in distant geographic
areas.

Coornansus intestinus
(Vinciguerra & La Rosa, 1990) Andrassy, 1993

(Fig. 6)

Measurements of the single female paratype studied
are given in Table 1. These measurements are smaller
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Table 3. Morphomecric data ofCoomansus meridionalis sp. n. from Campbell Island and C. magellanicus sp. n. from Punta Arenas
(ail measuremencs in pm, excepc L in mm)

C. meridionalis sp. n. C. magellanicus sp. n.

Female Female Male Female Female Male

(holotype) (paratypes) (paratypes) (holotype) (paratypes) (paratypes)

n 1 7 4 1 7 2
L 2.39 2.41 ±0.17 2.39 ± 0.21 1.99 1.85 ± 0.78 1.84, 1.97

(2.16-2.65) (2.09-2.67) (1.77-2.02)
a 30.6 32.3 ± 2.8 31.7 ± 1.9 28.9 28.4 ± 1.4 29.6,30.0

(28.3-37.5) (29.6-34.8) (26.0-30.0)
b 4.5 4.5 ± 0.2 4.6 ± 0.4 5.1 5.0 ± 0.2 5.0,5.0

(4.2-4.8) (4.3-5.2) (4.7-5.3)
c 15.5 17.9 ± 1.6 23.4 ± 0.6 13.0 13.9 ± 0.8 21.4, 18.0

(15.8-20.5) (22.8-24.4) (12.6-14.9)
c' 3.5 3.2 ± 0.3 1.9±0.1 3.7 3.2 ± 0.3 1.5, 1.9

(2.8-3.5) (1.8-1.9) (2.6-3.5)
VIT 56.6 55.1 ± 0.9 56.8 ± 3.7 52.6 53.3 ± 2.0 53.1,74.1

(53.9-57.0) (53.8-62.8) (51.3-56.6)
GJ 13.3 12.3 ± 1.2 11.6 12.1 ± 0.7

(10.0-13.8) (10.8-13.2)
Gz 12.0 12.0 ± 1.0 9.4 11.8 ± 1.3

(11.0-14.2) (10.3-13.7)
Max. body diam 78.5 75.0 ± 8.9 76.2 ± 10.8 69.0 65.1 ± 2.9 62.0,65.5

(63.5-94.0) (60.0-90.0) (61. 5-69. 5)
CuticJe at head 3.5 3.4 ± 0.4 3.4 ± 0.6 4.0 4.0 ± 0.6 5.0,4.5

(2.5-4.0) (2.5-4.0) (3.0-5.0)
- at midbody 4.0 3.9 ± 0.9 4.1 ± 0.6 4.5 5.7 ± 0.6 6.0,5.5

(2.0-5.0) (3.0-5.0) (5.0-6.5)
- on tail 6.0 6.3 ± 1.1 4.9 ± 0.6 6.5 6.8 ± 1.3 6.5, 6.0

(5.0-8.0) (4.0-6.0) (4.5-8.5)
Lat. ehord 18.0 17.5±2.8 19.6 ± 3.6 22.5 20.6 ± 2.7 18.5,21.0

(13.0-20.5) (15.5-25.0) (17.5-24.0)
Head diam. 31.0 32.5 ± 1.2 32.2 ± 2.9 31.5 31.5±1.4 32.0,32.0

(30.0-34.0) (28.0-35.0) (30.0-34.0)
- height 12.0 12.5 ± 0.7 11.6 ± 1.2 14.0 13.7 ± 0.8 15.0, 13.5

(11.0-13.0) (9.5-13.0) (12.5-14.5)
Amphid 4.0 4.6 ± 0.1 4.9±0.1 5.5 6.1 ± 0.4 6.0,6.5

(4.5-5.0) (4.5-5.0) (5.5-6.5)
Buee. cav. 41.0 41.6 ± 2.0 42.0 ± 1.9 34.0 34.4 ± 1.1 32.5,33.0

-length (39.0-45.0) (40.5-45.0) (33.0-36.0)
- diameter 19.0 19.4±0.8 20.0 ± 1.1 22.0 19.4 ± 0.9 20.0,22.0

(18.5-20.5) (18.5-21.5) (18.0-20.5)
Dors. rooth apex 86.7 87.8 ± 3.7 87.8±0.3 74.0 77.7±1.5 77.0,78.0

(83.5-95.0) (87.4-88.3) (76.0-79.6)
Nerv. ring-am. end 157.0 175.8 ± 15.3 163.0 ± 10.0 123.5 113.1 ± 5.6 114.0, 115.0

( 153-196.5) (147.5-174.5) (101.5-121)
Excr. pore-ant. end 182.0 194.7 ± 12.6 185.1 ± 12.9 145.0 140.3±5.7 130.5, 131.0

(177 .5-211.5) (167-198.5) (128.5-148.0)
Pharynx length 490.0 498.3 ± 36.4 482.6 ± 24.8 353.0 334.4 ± 8.7 331.5, 354.0

(434.5-541) (448.5-507.5) (322.0-346.0)
Vagina length 27.0 34.6 ± 4.2 34.5 29.1±1.7

(27.5-39.5) (25.5-31.5)

End of Table 3 nexc page

532 Fundam. appl. Nemacol.



Table 3. (End).

C. meridionalis sp. n.

Morphometric slUdies on Coomansus

C. magelianicus sp. n.

Tail

Spicules

Gubernaculum

Lat. guid. pieces

Supplements

Sperm

Female

(holorype)

154.0

Female

(paratypes)

135.1 ± 6.8
(126.5-144)

Male

(paracypes)

102.4±9.4
(91.5-117.5)
104.0 ± 6.6

(93.5-110.5)
28.4 ± 4.9
(20.0-33.0)
25.3 ± 1.0
(23.5-26.0)
12.2±0.4

(12-13)
10.7 ± 0.4

(10.0-11.5)

Female

(holorype)

154.0

Female

(pararypes)

132.8 ± 8.2
(118.5-144.5)

Male

(pararypes)

86.0, 109.5

98.0, 97.0

19.5, 23.0

21.0,23.0

11, 12

9.5, 8.5

than chose by Vinciguerra and La Rosa (1990) for
body, pharynx and tail length. In the paratype, the
uterus lacks a coiled region but a poorly developed
swollen part is present. This species is a member of
the aforementioned group of species and was reported
from South America (Tierra deI Fuego) by its original
authors and from near Antarctica (Deception Island)
by Andnissy (1993).

Coornansus cornposticola (Clark, 1960)
Jairajpuri & Khan, 1977

The allorype and several male and female para
types were examined. Measurements are provided in
Table 2 and are in agreement with those by Clark
(1960). Although no mention of lateral guiding pieces
was made by Clark, they are present and appear very
slender as in C. gerlachei and C. mesadenus (Fig. 5).

Coornansus rneridionalis * sp. n.
(Figs 7, 8)

MEASUREMENTS

See Table 3.

DESCRIPTION

Female: Large, about 75 !lm wide at midbody and
2.5 mm long. Body cylindrical, with truncate head,
tapering slighùy towards anterior end and more gra
dually towards posterior extremity. Habitus more or
less ventrally curved when fixed, frequently G- to
J-shaped, and strongly curved in the caudal region.

* The specifie epithec is derived trom Lacin word meridianus,
referring co a southern geographicallocation.
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Cuticle smooth or with obscure transverse striations.
Lateral chord occupying 23 ± 3 (18-30) % of mid
body diameter. Lip region separated from the adja
cent body by a depression, 2.6 ± 0.16 (2.5-3) times as
wide as high. Lips separated and rounded. Labial and
cephalic papillae prominent, jutting out from the head
contour. Amphid cup-shaped, located at the level of
the cephalic depression; its aperture extending 14 ± 1
(13-15) % of Iip region diameter. Buccal caviry barrel
to funnel-shaped and not f1attened at base, with thick
walls, 2.1 ± 0.1 (1.9-2.3) times as long as wide. A
dorsal tooth, forward directed, situated at the anterior
region; its apex located at 87.6 ± 3.47 (83.7-95) % of
the buccal cavity length from the base. Large ventro
sublateral foramina visible in the basal plates. Pharynx
cylindrical, muscular, surrounding the basal part of
the stoma. Nerve ring located at 32.2 ± 1.9 (30-35) %
of the total neck region measured from the anterior
end. Excretory pore smail but easily visible, situated
behind the nerve ring. Pharyngo-intestinal junction
not tuberculate, with conical organ short and
rounded. Intestinal cells polygonal, granular, eight ta
ten in transverse section. Bacillary layer weil deve
loped, especially visible at the anterior and poste
rior regions. Genital system didelphic-amphidelphic.
Ovary short, not reaching to the oviduct-uterus junc
tion. Oocytes few in number. Oviduct consisting of a
narrow distal part and a weil developed proximal pars
dilalala. A small sphincter present at the ovid uct
uterus junction with an inner, poorly sclerotized part
surrounded by a muscular part. Uterus consisting of a
narrow coiled distal part and a large swollen proximal
part filled with abundant sperm. Vagina cylindrical,
extending over 45 ± 6 (34-53) % of the corresponding
body diameter. Two small to medium sized sclero-
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Table 4. One-way ANOVA of the differences in character values, for females and males, concerning ail the species of Coomansus studied,
except C. intestin us. Snedecor's F values are for significal1t differences (P ~ 0.01). a = C. mesadenus, b =C. meridionalis, c =C.
gerlaehei, d = C. compostieola, e = C. magellanieus

Charaeter

1.L
2. a

3. b

4. e

5. c'

6. vrr
7. G j

8. Gz
9. Lateral chord

10. Lip region diam.

Il. Lip region height

12. Amphid

13. Buee. eav. length

14. Buee. eav. diameter

15. Dorsal rooth apex

16. N. r.-ant. end

17. Excr. p.-ant. end

18. Pharynx length

19. Vagina length

20. Tail

21. Spicules

22. Supplement number

F value

70.4
14.0

18.5

90.5

160.9

13.4

10.4

7.1

36.0

128.7

18.9

3.8

140.0

89.9

41.5

70.8

72.2

149.6

42.8

129.9

Females

Signiticant differenees
between species

a-b/a-d/a-efb-c/b-e/c-d/e-e/d-e
a-b/a-d/a-efb-cfb-e/c-e/d-e

a-c/a-e/b-cfb-e/c-d/d-e

a-b/a-e/a-dfb-d/b-e/c-d/c-e/d-e

a-b/a-e/a-d/a-e/b-c/b-d/e-d/d-e

a-dfb-cfb-dfb-e/d-e

a-dfb-d/c-d/d-e

a-dfb-d/e-d/d-e

a-c/a-efb-cfb-e/c-d/c-e/d-e

a-b/a-d/a-efb-cfb-d/c-d/c-e/d-e

a-b/a-d/a-e/b-c/b-d/c-d/d-e

a-b/a-d/e-d/d-e

a-b/a-d/a-efb-cfb-dfb-e/e-d/c-e

a-b/a-d/a-efb-cfb-d/c-d/c-e/d-e

a-c/a-efb-dfb-e/c-d/c-e/d-e

a-b/a-d/a-efb-c/b-e/c-d/c-e/d-e

a-b/a-c/a-d/a-efb-c/b-e/c-d/c-e/d-e

a-b/a-c/a-d/a-efb-c/b-e/c-d/c-e/d-e

a-b/a-e/a-d/a-efb-cfb-d/c-d/e-e

a-b/a-c/a-d/a-efb-cfb-d/c-d/c-e/d-e

F value

26.5
5.0

4.2

9.7

6.2

30.9

8.7

70.5

13.7

12.3

34.2

33.0

124.7

36.2

47.9

12.6

Males

Significant differences
between species

a-b/a-efb-cfb-d/b-e/c-e/d-e
a-d/a-efb-c/b-d/c-e/d-e

a-e/a-e

a-b/a-cfa-efb-d/e-d/d-e

a-cfb-c/c-d/c-e

a-b/a-d/a-efb-c/b-d/e-d/c-e/d-e

a-b/a-dfb-cfb-e/e-d

a-b/a-e/b-cfb-dfb-e/e-e/d-e

a-b/a-d/a-e/b-c/e-d/c-e

a-c/a-e/b-e/c-e/d-e

a-b/a-efb-cfb-dfb-e/e-e/d-e

a-b/a-efb-c/b-dfb-e/e-e/d-e

a-b/a-efb-cfb-dfb-e/e-e/d-e

a-b/a-efb-cfb-d/e-e/d-e

a-b/a-c/a-e/b-c/b-d/c-d/c-e/d-e

a-b/a-d/a-e/b-c/e-d/e-e

rized pieces in the vagina-vulva juncrion. Vulva appa
renrly a short rransverse slit. Zero ro rhree prevulval
and zero ro five posrvulval papillae, irregularly spaced,
prevulval papillae mosrly absent and sometimes no
vulval papillae ar ail. Tail conoid, ventrally curved and
gradually rapering ro a rounded rerminus. Caudal
glands indistincr and spinnerer and irs opening
absent. Caudal papillae or pore weakly visible, appar
enrly four on each side of the rail.

Male: General morphology similar ro female. Abour
75 /lm wide at mid-body and 2.5 mm long, posterior
region more ventrally curved. Lareral chord extending
over 26 ± 2 (22-28) % of midbody diamerer. Lip
region 2.8 ± 0.08 (2.7-2.9) rimes as wide as high.
Amphid occupying 16 ± 2 (14-17) % of the lip region
diamerer. Buccal caviry 2.1 ± 0.1 (1.9-2.3) times
as long as wide. Nerve ring locared ar 31.3 ± 1.5 (30
33) % of rhe roral neck region measured from the
anrerior end. Genital sysrem diorchid. Testes opposed
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wirh elongare, spindle-shaped sperm. Vas defer-ens and
ductus ejaculatorius separared by a consrrietion with a
surrounding group of eighr ro ren muscular bands.
Ventral body contour slighrly contracred in region of
rhe anterior supplement. Ejacularory glands in ran
dem, somerimes indisrincr; rectal glands visible.
Twelve tO rhirteen ventromedian supplements pre
sent, more or less regularly spaced, the anterior and
posrerior ones poorly developed, rhe resr prominent,
mamilliform, and echinulate. Spicules rather thick,
ventrally curved, 1.9 ± 0.2 (1.6-2.2) times as long as
anal body diamerer, measured along axis. Gubernacu
lum weil developed, extending laterally ro spicules,
wirh lareral guiding pieces extraordinarily slender with
fine bifurcared rip. Tail similar to female but reJatively
shorter and with more rounded rerminus. Caudal
glands reduced, subventral duct and opening present.
Three subdorsal and three subvenrral caudal papillae
on each side of the rail.

Fundam. appl. Nematol.
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Fig. 1. Biploc of Coomansus femates and corresponding characcers from che results of che PCA, along che cwo firsc axes. C. magellanicus
C*); c. meridionahs C*); c. composticola ce); c. gerlachei (*); C. mesadenus (.). CharaCler numbers as in Table 4.

TYPE HABITAT AND LOCALITY

HolOlype from soil under Myrsine divaricata on the
east side of Mt. Dumas, Campbell Island, New Zea
land. Paralypes from the same locality and the follow
ing sites from the same island: Tucker Valley,
associared with Dracophyllum scoparium and D. longlfo
hum, and northern slopes of Mt. Honey, around Poa
sp.

TYPE MATERIAL

HolOlype female on slide n° 174, labelled Clarkus,
from Dr Wouts collection. Paralypes, male and female,
on slides n° 114, 152, 173 and 174 from the same col
lection and labelled Mononchus mesadenus, Campbell
Island S.2. and S.6., from Dr Clark collection. Ali
material deposited in The National Nematode Collec
tion of New Zealand.

DIAGNOSIS AND RELATIONSHIPS

C. meridionalis sp. n. is characterized by its large size
(body length 2.10-2.65 mm), lip region set off by a
depression, buccal cavity 39-45 x 18-22 /lm or 1. 9-

2.3 times as long as wide, apex of the dorsal tooth at
84-95 % of the total buccal cavity length from base,
V = 54-57, ventral body contour slightly contracted at
the beginning of the supplement series, ejaculatory
glands in tandem, spicules 94-110 /lm, very slender
and with finely bifurcate lateral guiding pieces, twelve
to thirteen mostly echinulate and mammilla-shaped
ventromedian supplements, conoid and ventrally
curved tail with rounded terminus, and caudal glands
and spinneret absent in the female and reduced in the
male.

C. meridionalis sp. n. is closely relared to C. gerlachei,
C. mesadenus and C. inlestinus. It can be separated
from C. gerlachei by the shorter body, smaller size of
the buccal cavity, intestinal constrictions absent, shor
ter spicules, greater number of supplements, more
slender guiding pieces, and shorter tail with a more
rounded terminus in both sexes. Ir is similar in several
respects to C. mesadenus, but it can be distinguished
by the shorter body, smaller buccal cavity, slightly
greater number of supplements, and shorter and more
conical shaped tail. Its measurements are quite similar

Vol. 21, no. 5 - 1998 535



D. :ft'menez Guirado et al.

4.7

• ., II

•
H
H

+J
(
OJ
(
o
n.
E
o
Ü

-1. 3

-3.3

-......•.......

•
22

-6.8 -4.8 -2.8 -0.8 1.2 3.2

Ccmpcnent l (55.4X)

Fig. 2. Biplol of Coomansus males and corresponding charaClers from lhe resulls of lhe PCA, along lhe IWO firsl axes. C. magellanicus
C*); C. meridionalis C*); c. composticola ce); c. gerlachei C*); c. mesadenus C.). CharaCler numbers as in Table 4.

to those of C. int.eslinus, but it can be separated from
this species by a uterus wim a swollen part larger than
the coiled region, lack of intestinal constrictions, and
more rounded ta il terminus.

Coomansus magellanicus * sp. n.
(Figs 9, 10)

MEASUREMENTS

See Table 3.

DESCRIPTION

Female: Body of medium to large size, about 2 mm
long and 65 flm wide at mid-body. Body cylindrical,
truncate anteriorly and tapering ciearly toward pos
terior end. Habitus frequently G-shaped when fixed
and reJaxed and ciearly curved in the caudal region.
Cuticie smooth or wim obscure fine transverse stria
tions. Lateral chord occupying 32 ± 3 (28-38) % of

* The specifie name is the Latin gentilic adjective of Magel
lan, the Portuguese explorer of the geographic area where
this species was found.
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midbody diameter. Lip region set off by a depression,
2.3 ± 0.13 (2.1-2.4) times as wide as high. Lips
moderately separated and rounded. Labial and
cephalic papillae prominent and jutting out from the
head contour. Amphids cup-shaped, situated at the
level of the labial constriction; meir opening occupy
ing 20 ± 1 (18-21) % of me head diameter. Buccal
cavity subrectangular, flattened at base, with thick
walls, 1.75 ± 0.12 (1.5-2) times as long as wide. Dor
sal tooth large, forward directed, its apex located at
77.7 ± 1.5 (76-79.6) % ofme stoma length measured
from base. Ventrosublateral foramina visible in the
basal plates. Pharynx cylindrical, muscular and sur
rounding me basal part of me buccal cavity. Nerve
ring located at 30.8 ± 1.7 (26.8-32.5) % of the neck
region measured from me anterior end. Excretory
pore smail and sometimes poorly visible. Pharyngo
intestinal junction not tuberculate and conical organ
generally rounded. Intestine with six to eight granular
polygonal cells in transverse section. Bacillary layer
present, especially visible at me anterior and posterior
regions. Genital system didelphic-amphidelphic.

Fundam. appl. Nemawl.
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Fig. J. Coomansus gerlachei (specimens from AnLarctic Pen/mula). A, B: Head; C, E: Phmyngo-intestinal junction; D: imestinal
constriction; F: Female Lail; G: Spenn; H: Female genital system. (Scale bars := 50 Ilm).
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Fig. 4. Coomansus gerlachei (specimens from Antaretic Peninsula). A, D, E, F: Male poslerior region; B: EjaculalOry glands;
C: LaieraI guiding pieces; G, H: Supplements. (Scale bars = 50 flm).
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Fig. 5. Coomansus mesadenus. A: Male posleri01' regi011j B: Spiculesj C: Female ge11ùal bra11Chj D, E: Female Lail - C. compos
ticola. F: Gubernaculum and laleral guiding pieces.
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Fig. 6. Coomansus mesadenus. A: Head- C. intestinus (speClmenfrom Tierra dei Fuego); B, C: Head; D: Female tail; E: Inœslinal
constriClion; F: Female genir.al branch. (Scale bar = 50 ,am).

540 Fundam. appl. Nemacol.
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Fig. 7. Coomansus meridionalis sp. n. A, E: Habùus; B: Head; C: Lateral guiding pieces; D: Spicules; F: Male poS/erior "egion;
G: Sperm; H: Supplemenrs; 1: Vulval region; J: Female genùal branch; K, L: Female cail.
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Fig. 8. Coomansus meridionalis sp. n. A, B: Head; C: Pharynx-imeslinejunclian; D: Female cail; E: Lateralguiding pieces; F: Male
tall; G: Vulval regian; H, 1: Supplements; J: Sperm; K: Ovary and aviduct regian. (Scale bar =50llm).

542 Fundam. appl. Nematol.
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Fig. 9. Coomansus magellanicus sp. n. A, E: Habùus; B: Head; C, D: Female lail; F: Gubernaculum aruf la tera1guiding pieces;
G: Spicules; H: Male posœrior region; 1: Female genùal branch; J: Vulval region; K: Sperm; L: Supplements.
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Fig. 10. Coomansus magellanicus sp. n. A: Head; B: Fenwle cail; C: Vulval regioll; D: Spicules and Lateral guiding pieces; E: Sperm;
F: Supplements; G: !Hale lail. (Scale bar = 50 pm).
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Ovary short, not reaching to the oviduct-uterus junc
tion. Oocytes few in number. Oviduct consisting of a
narrow region and a weil developed pa rs dilatata.
Sphincter present at the oviduct-uterus junction with
an inner, poorly sclerotized part surrounded by a
muscular part. Uterus consisting of a moderately
developed, coiled distal part and a large swollen pro
ximal region filled with sperm. Vagina cylindrical
extending inwards over 46 ± 3 (41-51) % of the cor~
responding body diameter. Small to medium sized
sclerotized pieces in the vagina-vulva junction. Vulva a
short transverse slit. Zero to two prevulval and zero to
two posrvulval papiJlae. Tail conoid, ventrally curved
and with round~d terminus. Caudal glands indistinct,
duct and openmg absent. Four caudal papillae on
each side of tail.

Male: General morphology similar to female but
with posterior region more ventrally curved. Lateral
chord extending over 30-32 % of the midbody diame
ter. Lip region 2.1-2.4 rimes as wide as high. Amphid
occupymg 18-20 % of the lip region diameter. Buccal
cavity 1.5-1.7 times as long as wide. Nerve ring
located at 29.5-31 % of the total neck region mea
sured from the anterior end. Genital system diorchid.
Testes opposed, with spindle-shaped to cylindrical
spermatozoa. ]/as deferens and duaus ejaculalOrius sepa
rated by a weil developed constriction; associated
muscles consisting of about sixteen bands located just
in front of the supplement series. Ventral body con
tour shghtly contracted in this region of the body.
Ejaculatory glands in tandem, often obscure; rectal
glands poorly visible. Eleven to twelve ventromedian
supplements more or less regularly spaced, the two
anterior and one posterior ones poorly developed,
the rest prominent, mamilliform, and slightly echinu
late. Spicules rather thick, ventrally curved, about
1.75 times as long as anal body diameter, measured
along axis. Gubernaculum moderately developed and
el?ngate; lateral guiding pieces not especially slender,
Wlth blfurcated extremity. Tail as in female but shorter
and with more rounded terminus. Caudal glands
apparently reduced and duct opening subterminal.
Three subdorsal and three subventral caudal papillae
on each site of the tail.

TYPE HABITAT AND LOCALlTY

Soil with unidentified grasses 10 subantarctic
steppe, Punta Arenas, Chile.

TYPE MATERIAL

Hololype female in the collection of the Departa
mento de Biologia Animal, Universidad de C6rdoba
Spain. Paralypes: one male and one female both in th~
same collection, and one male and six females in that
of the Centro de Ciencias Medioambientales,
C.S.I.c., Madrid, Spain.
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DIAGNOSIS AND RELATIONSHIPS

C. magel!aniclts sp. n. is characterized by its medium
to large size (body lengrh 1.7-2.1 mm), lip region set
offby a depression, buccal cavlty 32-36 x l8-221lm or
1.5-2 times as long as wide, dorsal tooth in the corres
ponding vertical plate with the apex at 76-80 % of the
total buccal cavity length from base, V =51-57, mus
cles between vas deferens and ductus ejaculalOrius form
ing approximately sixteen circular bands in front of
the supplement series, ventral body contour slightly
contracted at beginning of supplement series, ejacula
tory glands in tandem, spicules 97 -98 Ilm long, lateral
guiding pieces not especially slender, eleven to twelve
ventromedian supplements mostly conical, mamilla
shaped and slightly echinulate, conoid, ventrally
curved tail with rounded terminus, and caudal glands
absent in the female and reduced in the male.

C. magellanicus sp. n. can be distinguished from ail
above-mentioned species by its buccal cavity shape
and dorsal tooth location. Ir is most similar to C.
campbel!i after the description by Clark (1963) and
C. major. Ir differs from C. campbel!i by a shorter body
(vs 2-3.5 mm), smaller buccal cavity (vs 47-58 x 20
37 llm), apex of the dorsal tooth more anteriorly
located in the buccal cavity (vs 69-72 %), lateral guid
i~g pieces not especially slender and straight, and
dlfferent geographic distribution (vs Campbell, Auck
land and Antipodes Islands). It can be differentiated
from C. major by shorter body (vs 3.4 mm), smaller
buccal cavity (vs 44 x 26/lm), apex of the dorsal tooth
more anteriorly located in the buccal cavity (vs 75 %),
shorter tail ( vs 170 /lm), shorter spicule (vs 156 /lm)
absence of spinneret (vs presence), and different geo
graphic distribution (vs Australia and Tasmania).
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Howardula neocosmis sp.n. parasitizing North American Drosophila
(Diptera: Drosophilidae) with a listing of the species of Howardula

Cobb, 1921 (Tylenchida: Allantonematidae)
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Summary - Howardula neocosmis sp. n. (Tylenchida: Allantonematidae) is described as a parasite of Drosophila aculilabella
Stalker (Diptera: Drosophilidae) from Florida, USA and D. suboccidentalis Spencer from British Columbia, Canada. These two
strains represent the first described Howardula from North American drosophilids. Notes on the biology of the parasite and a
list tO the species of Howardula Cobb are presented. © Ors tom/Elsevier, Paris

Résumé - Howardula neocosmis sp. n. parasite de drosophiles nord-américaines (Diptera : Drosophilidae) et liste
des espèces du genre Howardula (Tylenchida : Aliantonematidae) - Description est donnée d'Howardula neocosmis sp. n.
(Tylenchida : Allantonematidae) parasite de Drosophila acutilabella Stalker (Diptera : Drosophilidae) provenant de Floride, USA
et de D. suboccidentalis Spencer provenant de Colombie Britannique, Canada. Ces deux souches représentent le premier Howar
dula décrit sur des drosophiles nord-américaines. Des notes sur la biologie de ce parasite et une liste des espéces du genre
Howardula Cobb sont présentées. © OrstomlElsevier, Paris

Keywords: Allantonematidae, Drosophila, Howardula neocosmis sp. n., insect nematode, parasitism.

Allantonematid nematode parasites of Drosophili
dae were first reported by Gershenson in 1939 (see
Poinar, 1975, for citations of nematodes from droso
philids). The first descriptions of members of this
family anacking lesser fruit Ries involved species of
the genera Howardula Cobb, 1921 and Parasitylenchus
Micoletzky, 1922 in England (Welch, 1959). In 1985,
Montague and Jaenike discussed the presence of
allantonematids parasitizing drosophilids in North
America and subsequemly Poinar el al. CI 997) des
cribed P. nearaicus anacking Drosophila recens in
New York state.

The present study describes the first species of
Howardula parasitizing drosophilids in North Ame
rica. From these studies and the report of drosophilid
parasitism by allantonematids in Japan (Kimura &
Toda, 1989), it is clear that allantonematid parasitism
of drosophilids is widespread, demonstrating that
these rwo nematode genera have formed species
groups orientated towards infecting drosophilids as
weil as other acalyptrate Diptera.

Materials and methods

Adult Drosophila acutilabella Stalker and D. subocci
denlalis Spencer were collected in Manasota Key, FL,
USA and Peachland, BC, Canada, respectively, in
1997. Newly emerged parasitized flies were placed in
culture vials comaining instant Drosophila Medium

Fundam. ap-pl. Nemawl. 1164-5571/98/05/ © OrsLOmlElsevier, Pan's

(Carolina Biological Supply) plus a piece of commer
cial mushroom (Agaricus bisporus). They were trans
ferred every 4 days to fresh food until they were
3 weeks old. At this age, rwo parasitized male Ries
were placed in a culture vial and rwo female Ries from
an uninfected culture were added tO the same culture
after 2 days. Ali cultures were maimained at 22 oc.

Living parasitized adult flies were dissected at diffe
rem times to obtain nematodes at various stages of
developmem. Ali dissections were made in Ringe"r's
solution and the nematodes were heat killed (60 OC),
fixed in TAF and processed to glycerin. Ali measure
ments were made on slide moumed fixed material,
however certain morphological details, i.e., stylet
structure, pharyngeal gland morphology, excretory
pore position, location of anus and vulva were best
determined by observing living individuals.

Howardula neocosJnis sp. n.
(Fig. 1)

MEASUREMENTS

Free-living vermzform female (n = 10): L = 416
(384-44 7) ~m; greatest diameter = 16 CI 3-18) ~m;

head to middle of nerve ring =69 (64-74) !lm ; head
to excretory pore = 80 (75-85) ~m; stylet length = II
(10-12) ~m; tail length = 55 (52-56) ~m; distance
vulva to anus = 23 (22-26) ~m ; head to dorsal gland
orifice = 25 (22-26) ~m; distance from dorsal gland
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Fig. 1. Howardula neocosmis sp. n. A: Free-living female; B: Free-living male; C: Head of free-living female wùh IWO surrounding
cmie/es (arrow poinLS LO opening of dorsal pharyngeal gland; arrowhead subven Iral gland opening); D: Parasitic female con wining eggs
and juveniles (Scale bars: A, B = 25 pm; C = 10 pm; D = 80 pm).

orifice ra ventral gland orifice = 15 (13-19) llm; head
ra rip of dorsal gland = 11 (9-15) flm ; V = 80
(78-82).

Parasitic female (n= 10): L = 1129 (960-2560) ~lm;

greatest diameter = 125 (100-170) flm; vulva ra tail
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tip = 152 (95-184) ~lm; stylet length = 9 (8-10) flm;
eggs = 32 (20-43) x 20 (16-22) flm; V =90 (87-93).

Free-living male (n = 10): L = 403 (360-435) flm;
greatest diameter = 16 (14-18) flm; head tO middle of
nerve ring =70 (56-75) llm; head to excrerary pore =

Fundam. appl. NemaLOl.



84 (75-88) !lm; tail length = 48 (44-57) !lm; spicule
length = 12 (11-15) ~lm; greatest width of spicule =
2.0 (1.9-3.0) !lm.

DESCRIPTION

Free-living females: Siender body, originally enclosed
in a thick, enclosing cuticle and later in the same outer
thick cuticle but with an inner membranous cuticle as
weil. Head truncate, lip region not off-set. Stylet
straight, with tip sloping toward ventral surface; stylet
base slightly swollen, delineating stylet from remain
der of chitinized pharyngeal tube. Distance from
stylet base to dorsal gland orifice slightly greater than
stylet length; distance from dorsal gland orifice to
ventral gland orifice slightly longer than distance from
stylet base to dorsal gland orifice; subventraJ glands
extending posteriorally to tip of ovary. Dorsal gland
extending only part of that distance; contents of the
subventral glands appearing creamy white while that
of the dorsal gland granular, indicating different com
ponents within. Excretory pore located posterior to
the nerve ring and just posterior to the hemizonid.
Lateral fields 3-4 !lm wide with five striae in widest
region. Vulva located on small protuberance. Vagina
narrow, leading to a small uterus with no or very slight
post vulvar sac; oviduct and ovary small, tip of ovary
often reaching to the tip of the subventral pharyngeal
glands. Tail slender, ending in a slightly swollen
rounded tip.

Parasùic females: Varying in size depending on
number per host (the more per host, the smaller the
parasites). Cuticle thin except in tail and head region
where often thick and wrinkled. Original stylet minus
basal thickening portion present although this struc
ture often obscured and shoved aside by the develop
ing gonad (this explaining the size discrepancy
between the stylets in the free-living and parasitic
females). Lateral fields not discernible. Anus termi
nal. Vulva present although often obscured. After egg
hatching, juveniles undergoing two molts in uterus.
Ovoviviparous.

Males: Lacking a stylet and associated pharyngeaJ
glands. Hemizonid prominent as swelling just above
excretory pore. Lateral fields, 3-4 !lm in width,
present but striae faint. Spicules broad at base, with
terminal fourth bent outward; bursa and gubernacu
lum absent. Tail elongate with faint rounded swelling
at tip.

Remarks

The preceding account is based on the examination
of living specimens which show morphological fea
tures much clearer than fixed material. The British
Columbia strain of H. neocosmis sp. n. did not appear
to possess any qualitative characters that separated it
from the Florida strain. However, sorne of the mea-
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surements of the females of the British Columbia
strain ranged higher than those of the Florida strain
and are given below. There were no quantitative dif
ferences between the males of the two strains. In the
British Columbia strain, those measurements that dif
fered from the Florida strain in the free-living females
were the length (458 [384-517] flm), the distance
from the head to the middle of the nerve ring (84
[72-93] !lm), the distance from the head to the excre
tory pore (93 [85-99] !lm), the stylet length (12
[11-13] !lm), and the distance from the dorsal gland
orifice to the ventral gland orifice (18 [16-20] flm).
The length of the parasitic females of the British
Columbia strain ranged from 1920 to 3200 flm. Since
at this time, clear characters separating these two
populations couId not be found, they will be referred
to as the Florida and British Columbia strains of
H. neocosmis sp. n.

TYPE HOST AL"lD LOCALITY

Found in the hemocoel of Drosophila acutilabella
Stalker collected from Manasota Key, FL, USA (Flo
rida strain). Also found in D. suboccidentalis Spencer
from Peachland, BC, Canada (British Columbia
strain) .

TYPE M.l\TERlAL

Holotype: free-Iiving female of the Florida strain
(UCDNC 3651) - Allotype: male of the Florida strain
(UCDNC 3652); deposited in the Nematology Col
lection, Department of Nematology, University of
California, Davis. Paratypes in the collection of the
Muséum National d'Histoire Naturelle, Paris, France,
and in the author's collection.

D1AGNOSIS AND RELATIONSHIPS

The absence of a bursa and gubernaculum in
H. neocosmis sp.n. separates this species from ail of the
other members of the genus with the exception of a
group of three species which parasitize acalyptrate
Muscomorpha, namely H. marg'inatis in Sphaeroceri
dae, H. albopuncuua in Sepsidae and H. aoronym
phium in Drosophilidae. The oviparous nature of the
former and the long stylet of H. albopunctatis dis tin
guish them from H. neocosmis. It is obvious that the
new species is closest to the European drosophilid
parasite H. aoronymphiu111. However, the following
characters separate the two species: size of the spi
cules (11-15 in H. neocosmis vs 19-21 !lm in H. aoro
nymphium) , the distance from the head to the
excretory pore in the male (80-88 in H. neocosmis
sp.n. vs 98 !lm in H. aoronymphiurn) , the presence of
basal thickenings on the stylet in H. neocosrnis and
their absence in H. aoronyrnphium, the presence of a
stylet, anus and vulva in the parasitic female of H. neo
cos mis and their absence in H. aoronymphiurn, and the
length of the stylet in the infective female (10-12 in
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Table 1. Lisc of species of che gemts Howardula Cobb, 1921 wich indicacion of cheir hosc(s).

Species

Type species

H. benigna Cobb, 1921

Valid species

H. acarinorum Wachek, 1955

H. acris Remillet & Van Waerebeke, 1976

H. albopunccaca Yatham & Rao, 1980

H. aoronymphium Welch, 1959

H. apioni Poinar, Laumond & Bonifassi, 1980

H. belgaumensis Raj & Reddy, 1989

H. colaspidi Eisey, 1979

H. dominicki Elsey, 1977

H. husseyi Richardson, Hesling & Riding, 1977

H. madecassa Remillet & Van Waerebeke, 1975

H. marginacis Reddy & Rao,1981

H. mucilacus Devi, Rao & Reddy, 1991

H. neocosmis sp. n.

H. oscinellae Goodey, 1930

H. phyllotrecae Oldham, 1933

H. saginaca Rajashekar, Rao, Reddy & Reddy, 1995

H. truncaCa Remillet & Van Waerebeke, 1975

Species inquirendae

H. claviger Warren, 1941

H. cuneifer Warren, 1941

H. hirsuca Warren, 1941

H. cerribilis Warren, 1941

Species dubiae

H. prima Rubtsov & Tshumakova, 1981

H. scenoloba Rubtsov & Tshumakova, 1981

H. neocosmis vs 14-15 [rarely 12] ~m in H. aoronym
phium.).

BIOLOGICAL OBSERVATONS

The Iife cycle of H. neocosmis sp.n. appears ta be
similar to those of other members of the genus. The
fertilized free-living female enters a young hast larva
by penetrating the cuticle with the aid of its stylet and
salivary glands. This was easily demonstrated when
young fly larvae were placed in Petri plates with infec
tive stage female nematodes. Up ta ten nematodes
were observed in a single fly larva and it appears that
when penetration oceurs in very young hasts, the lat
ter may succumb ta septicemia from bacteria entering
the penetration wounds. By the time the infected hast
has emerged as an adult, the female nemarodes have
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Hosts

Coleoptera: Chrysomelidae

Acarina

Coleoptera: Hydrophilidae

Diptera: Sepsidae

Diptera: Drosophilidae

Coleoptera: Curculionidae

Coleoptera: Chrysomelidae

Coleoptera: Chrysomelidae

Coleoptera: Chrysomelidae

Diptera: Phoridae

Coleoptera: Nitidulidae

Diptera: Sphaeroceridae

Coleoptera: Mitidulidae

Diptera: Drosophilidae

Diptera: Chloropidae

Coleoptera: Chrysomelidae

Coleoptera: Chrysomelidae

Coleoptera: Nitidulidae

Acarina

Acarina

Acarina

Acarina

Siphonaptera

Siphonaptera

swollen inro sausage-shaped parasites and are produc
ing numerous eggs. These eggs hatch inside the uterus
of the female and the juveniles develop and molt twice
while still in this location (no evidence of a molt
occurring within the egg was noted, although in one
case, a malt occurred at the time the juvenile emerged
from the egg). Ir appears that when the juveniles leave
the uterus of the female and enter the hast hemocoel,
they have molted twice and are in the third stage.
Thus the two malts seen in the free-living nematodes
would account for the normal four molts in the nema
rodes life cycle. Exit from the hast occurs from the
genital and digestive tracts. Once in the environment,
the nematodes malt twice to the adult stage, mate and
the females search for a new hast.

Fundam. appl. NemalOl.



Species in the genus Howardula

There are at least 24 described species in the genus
Howardula Cobb, 1921 (see Table 1). Four of these
(H. claviger, H. cuneifer, H. hirsUla, and H. œrribilis)
were described by Warren (1941) only on the basis of
histological sections made through the bodies of para
sitized mites and are considered species inquirendae
(Siddiqi, 1986). The two species described from fleas,
H. prima and H. slenoloba by Rubtsov and Tshuma
kova (in Rubtsov, 1981) are based only on the struc
ture of the parasitic female and we agree with Deunff
(1984) that there is no evidence that these parasites
belong to the genus Howardula. Therefore, they
should be considered as species dubiae. The species H.
aplini from Sharga (1932) and other Howardula spp.
attacking thrips have been transferred by Siddiqi
(1986) to the genus Thripinema . Thus, at this time,
the hosr range of Howardula includes Coleoptera,
Diptera and Acarina. Most diagnostic characters of
members of this genus reside in rhe free-living males
and females. These include the presence of a bursa
and gubernaculum and size of the spicules in the
male, the sryler length in the female and the overall
body lengths as weil as the distances from the head to
the nerve ring and excretory pore in both sexes.

Discussion

As a group, the Allantonematids have a curious host
range. While the great majority of described species
parasitize holometabolous insects of the orders Coleo
ptera and Diptera, others attack mites, thrips and
Hemiptera (Poinar, 1975). Fossil records of Allan
tonematids date back to the Tertiary, sorne 20-40 mil
lion years aga (Poinar, 1984, 1993; Poinar &
Brodzinsky, 1986 ) and involve both dipteran (Dro
sophilidae) and coleopteran (Staphylinidae) hosts. Ir
has been speculated that the Allanronematidae arose
in the Carboniferous (Poinar, 1983), quite possibly
with acarines or Hemiptera serving as the original
hosts. Ir is not known when rhe two genera (Howar
du/a and Parasùylenchus) initiated parasitic relation
ships with the Drosophilidae (as weil as with other
acalyptrate families of Diprera), but it may have
occurred in the late Creraceous or early Tertiary. The
report by Gershenson (1939) listing a Chondronema
Christie & Chitwood, 1931, infection of Drosophili
dae is undoubtedly an error since this genus of para
sites is only known to occur in members of the
Passalidae (Coleoptera) and has now been transferred
out of the Allantonematidae (Sidiqqi, 1986).

Ir is inreresting that twO allantonematid genera have
adapted to the same family of hosts. While Welch
(1959) reported that P diplogenus and H. aoronym
phium both occurred in separate host species in Eng
land, Poinar el al. (1997) noted that in New York
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state, D. recens was parasitized (even the same indivi
duals) by both Parasùylenchus and Howardula.

Of the five reported Diptera parasitized by Howar
dula spp., ail belong to the Brachycera and four are
acalyptrate Muscomorpha. With the exception of
H. oscinellae parasitizing a member of the Chloropi
dae, ail of the Howardula parasitizing flies form a mor
phological group characterized by the loss of the
gubernaculum.

Acknowledgm.ents

We would Iike ro thank R. Huey for coJ1ecring Drosophila
suboccidenlalis in Brirish Columbia, Canada.

References

COBB, N.A. (1921). Howardula benigna, a nemic parasire of
the cucumber-beetle (Diabrotica). Science, 54: 667-670.

DEUNFF, j. (1984). Parasiles de Siphonaplères. U.E.R. Médi
cale et Pharmaceutique. Université de Rennes, France,
406 p.

DEVI, TR., RAO, P.N. & REooy, YN. (1991). A new nema
rode parasite Howardula mutilatus n. sp. of the maize ker
nel pest Carpophilus mUlilams. Current NemaLOI., 2: 23-26.

ELSEY, K.D. (1977). Howardula dominicki n. sp. infesring
the robacco flea beetle in North Carolina. J. Nemawl., 9:
338-342.

ELSEY, K.D. (1979). Howardula colaspidis (Allanronema
tidae) n. sp. a new parasite of the grape Colaspis
(Coleoptera: Chrysomelidae). NemaLOlogica, 25: 54-61.

GERSHENSON, S. (1939). Parasitism in Drosophilidae.
Drosophila Inform. Serv., II: 44.

GOOOEY, T (1930). One remarkable new nemarode,
Tylenchinema oscinellae gen. el sp. n., parasitic in the
frir-fly, Oscinella frit L. attacking oms. Phil. Trans. R. Soc.
London, 218: 315-343.

KlMURA, M.T & TODA, M.T (1989). Food preferences
and nematode parasitism in mycophagous Drosophila.
Ecol. Res., 4: 209-218.

MONTAGUE, j.R. & JAENIKE, J. (1985). Nematode parasi
tism in natural populations of mycophagous drosophilids.
Ecology, 66: 624-626.

OLDHAM, J.N. (1933). On Howardula phyllolrelae n. sp., a
nematode parasite of f1ea beetles (Chrysomelidae:
Coleoptera), with sorne observations on its incidence.
J. Helminth., II: 119-136.

POINAR, JR. G.O. (1975). EnlomogerlOus nemawdes, a mamlal
and hOSI liSI of inseCI-nemawde associations. Leiden, The
Netherlands, E.J. Brill, 317 p.

POINAR, JR. G.O. (1983). The naLUral hisLOry of nemaLOdes.
Prentice-Hall, Englewood Cliffs, New Jersey, USA, 323 p.

POINAR, JR. G.O. (1984). Firsr fossil record of parasitism by
insect parasitic Tylenchida (Allanronematidae: Nema
roda). J. Parasù., 70: 306-308.

POINAR, JR. G.O. (1993). Insects in amber. Ann. Rev. Ent.,
38: 145-159.

POINAR, JR. G.O. & BRODZINSKY, j. (1986). Fossil evidence
of nemarode (Tylenchida) parasitism in Staphylinidae
(Coleoptera). NemaLOlogica, 32: 353-355.

551



G. O. Poinar, Jr et al.

POINAR, JR. G.O., JAEN1KE, J. & DOMBECK, 1. (1997). Para
sitylenchus nearcticus sp. n. (Tylenchidae: Allantonema
tidae) parasitizing Drosophila (Diptera: Drosophilidae) in
North America. Fundam. appl. NemalOl., 20: 187-190.

POINAR, JR. G.O., LAUMONO, C. & BONIFASSI, E. (1980).
Howardula apioni sp. n. (Allantonematidae: Nematoda), a
parasite of Apion carduorum Kirby (Curculionidae:
Coleoptera) in southern France. Proc. helminth. Soc.
Wash., 47: 218-223.

RA], O.K. & REOOY, YN. (1989). Parasitism of Longitarsus
belgaumensis (Coleoptera: Chrysomelidae) by nematode of
the genus Howardula. lnd. J Nemawl., 19: 82-84.

RA]ASHEKAR, AV, RAo, P.N., REOOY, YN. & REooy, VB.
(1995). A description of a new species (Nematoda: Allan
tomenatidae) of parasite Howardula saginala n. sp. from a
polyphagous pest !vlonopepta saginata (Insects:
Coleoptera). Afro-Asian Nemawl. Nelwork, 1: 27-35.

REOOY, YN. & RAo, P.N. (1981). Description of morpho
logy, biology life history of a new species Howardula mar
ginaris sp. n. from flies. Riv. Parassil., 42: 127-135.

REMILLET, M. & VAN WAEREBEKE, D. (1975). Description
et cycle biologique de Howardula madecassa n. sp. et
Howardula lruneati n. sp. (Nematoda: Sphaerulariidae)
parasites de Carpophilus (Coleoptera: Nitidulidae). Nerna
wlogica, 21: 192-206.

REMILLET, M. & VAN WAEREBEKE, D. (1976). Description
et cycle biologique de Howardula aeris n. sp. (Nematoda:

552

Sphaerulariidae) parasite d'Hydrophilidae (Coleoptera).
Cah. ORSTOM, Sér. Biol., Il: 219-224.

RlCHARDSON, P.N., HESLING, J.J. & RlDING, 1.L. (1977).
Life cycle and description of Howardula husseyi n. sp.
(Tylenchida: Allantonematidae), a nematode parasite of
the mushroom phorid Megaselia halterara (Diptera:
Phoridae). NemalOlogica, 23: 217-231.

RUBTSOV, I.A. (1981). [Parasùes and enemies of fleas.]
"Nauka", Leningrad, SSSR, 104 p.

SHARGA, U.S. (1932). A new nematode, Tylenchus aptini n.
sp., parasite of Thysanoptera (Insects: Aptinothrips rufus
Gmelin). Parasiwlogy, 24: 268-279.

SIDDIQI, M.R. (1986). Tylenehida. Parasùes of plants and
insecrs. Farnham Royal, Slough, UK, Commonwealth
Institute of Parasitology, 645 p.

WACHEK, F. (1955). Die entoparasitischen Tylenchiden.
Parasù. Sehrijrenr., 3: 1-119.

WARREN, E. (1941). On the occurrence ofnematodes in the
haemocoel of certain gamasid mites. Ann. Natal Mus., 10:
79-95.

WELCH, H.E. (1959). Taxonomy, life cycle, development,
and habits of [\VO new species of Allantonematidae
(Nematoda) parasitic in drosophilid flies. Parasùology, 49:
83-103.

YATHAM, N.R. & RAo, P.N. (1980). Description and bio
logy of Howardula albopunelata sp. n. from the [\VO species
of Sepsis (Sepsidae: Diptera). Proe. lnd. Acad. Parasù., 1:
42-46.

Fundam. appl. NemalOl.



Fundam. appl. Nemawl., 1998.21 (5).553-567

The genus Boreolaimus gen. n. and its six species (Dorylaimida:
Qudsianematidae), nematodes from the European Arctic

Istvan ANDRÂSSY

Ea/vas L01lmd Tudomànyegyelem, ÂllalTendszerlani és Okolôgiai Tanszék, 1088 Budapesl, Puskin-u. 3, Hu ngary.

Accepted for publication 31 March 1998.

Summary - A new genus, Boreolaimus gen. n., is proposed for five new and a known species described in rhis paper. Boreo
lain'lUs is placed in rhe family Qudsianemaridae; ir differs from orher genera of rhe family by rhe wide buccallining around spear,
presence of four oesophageal nuclei insread of five and "empry" posrerior parr of rail. The rorallack of males and spermarozoa
in urerus of marure females seems ro be also a characrerisric fearure for rhis genus. The genus Boreolaimus is also characrerized
by rhe occurrence and disrriburion of irs member species : rhey all inhabir inrersriria! bioropes and are, as far as known, only
found in rhe norrhern regions of rhe Globe. The members of Boreolaimus are: one known species, B. enckelli (Andrassy, 1967)
comb. n., and live new species, B. arcticus, B. borealis (rype species), B. lapponicus, B. norvegicus, and B. sepœmlrionalis. Alrhough
rhese species are closely relared, rhey can be differenriared from each orher by differences in shape and slenderness of body,
shape and length of rail, presence or absence of sc!erorizarion in vulval Jips, curicular srrucrure of rail, and exrenr of "empry"
region in percenrage of rail length. © Orsrom/Elsevier, Paris

Résumé - Le genre Boreolaimus gen. n. et ses six espèces (Qudsianetnatidae), nématodes provenant d'Europe
arctique - Le nouveau genre Boreolaimus gen. n. esr proposé pour conrenir cinq espèces nouvelles er une déjà connue, roures
décrires dans cer arricle. Boreolaimus peur se ranger dans la famille des Qudsianemaridae où il diffère des aurres genres par la
spacieuse paroi buccale enrouranr le sryler, la présence de quarre, au lieu de cinq, noyaux oesophagiens er une porrion posré
rieure de la queue "vide". L'absence de màles er celle de spermarozoïdes dans l'urérus des femelles marures paraissenr êrre
ègalemenr une caracrérisrique du genre. Les membres du genre Boreolaimus sonr: une espèce déjà connue, B. enckelli
(Andràssy, 1967) n. comb., B. arcticus, B. borealis (espéce rype), B. lapponicus, B. norvegicus er B. sepcemerionalis. Bien que ces
espéces soienr proches l'une de l'aurre, elles peuvenr êrre sèparées par des différences dans la forme er le caracrère plus ou moins
élancè du corps, la forme er la longueur de la queue, la présence ou l'absence d'une sc!érorisarion associée aux lèvres vulvaires,
la srrucrure de la curicu!e caudale er la longueur de la porrion "vide" de la queue, calculée en pourcenrage de la longueur de
celle-ci. La présence er la réparririon des espèces sonr égalemenr rypiques pour le genre: roures proviennenr de bioropes inrer
sriciaux er n'onr éré renconrrées, à norre connaissance, que dans les régions les plus nordiques de norre globe. © Orsrom/
Elsevier, Paris

Keywords: Arcric, Boreolaimus, inrersririal nemarodes, morphology, reproducrion, Scandinavia, raxonomy.

Dr PH. Enckell (Zoological Institute of the Univer
sity, Lund, Sweden) carried out for many years very
extensive and systematic collections during the sixties
in Scandinavia, with the aim of discovering the inrer
stitial fauna of that part of Europe. He thoroughly
covered ail four Scandinavian counrries - Denmark,
Norway, Sweden, Finland - and sampled almost the
enrire region. A very large number of groundwater
samples were collected in areas adjoining river banks
and lake shores. Among several other animais, the
sampIes conrained nematades in great number. Dr
Enckell was so kind as ta offer the latter to the present
author for study.

Nematodes were extracted From the original sam
pies in Lund, killed and fixed with 4-5 % formal
dehyde solution, then senr ta Budapest in smail
vials. They were transferred ta glycerine and mounred
in pure glycerine for microscopic examinations.

Fundam. appl. Nernawl. 1164-5571/98/05/ © OrswmlElsevier, Paris

Although nearly 30 years have passed since, the ani
maIs on permanenr slides are still weil preserved.

l have already published an article (Andrassy, 1967)
about the nematades From Enckell's collection. A
report was given on the nematade fauna of the inrer
stitial zones of two lakes (Viitter- and Tornetriisk
Lake) in Sweden. AIso, a new species was described
and named in honour of the collectar, Eudorylaimus
enckelli Andrassy, 1967. When enumerating the mor
phological characters of this species, l menrioned an
unusual feature by which it differed From every other
represenrative of the genus: the posterior half of the
ta il was completely "empty", showing no traces of
body tissues or filler cuticle.

Going through more nematode material of the
Scandinavian collection, l recenrly found that a
number of specimens originating From the northern
most region (Fig. 1) strongly resembled E. enckelli, yet
were at the same time distinctly different From that
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Fig. 1. Map of Scandinavia wilh localilies of Boreolaimus species. 1: Lake Kuvaln, Provo Finnmark, Norway; 2: Lake Dvre Trang
vain, Provo Finnmark, Norway; 3: Lake Mierorl, Provo Finnmark, Norway; 4: Lake Sagelvvaln, Prov. Troms, Norway; 5: Ri·ver Torne
alv, Provo Lappland, Sweden; 6: Bonnassjoen, Provo Nordland, Norway; 7: Lake Salisjaure, Provo Lappland, Sweden; 8: Lake Peu
raure, Provo Lappland, Sweden; 9: Lake KaralS, Provo Lappland, Sweden; 10: River Parlalven, Provo Lappland, Sweden; Il: Lake
Juonajaure, Prov. Lappland, Sweden; 12: Lake Ylikùka, Provo Lap-pi, Finland; 13: Lake Laisan, Provo Lappland, Sweden; 14: River
Vôjm n, Provo Lappland, Sweden.

species. They shared, among others, the "empty" pos
terior part in the tail already observed in E. enckelli. As
a result of further examinations, it became evident
that these empty-tailed nematodes are part of a special
group differing from ail other types of Eudorylaimus
species, and even from representatives of related
genera. This group of species is here proposed as a
separate genus, Boreolaimus gen. n.

It is hardly questionable that this new genus is a
natural unit of closely related sister-species which,
however, can weil be differentiated from each other.
Boreolaimus gen. n. can very weil be outlined or cha
racterized not only morphologically but also in mode
of life and distribution.

Boreolaimus * gen. n.

Qudsianematidae. Body moderately slender to slen
der, 1.S to 2.4 mm long. Cuticle thin, smooth, excep-

tionally with superficial structure. Head offset by
depression, lips separate, angular. Stama lining
around spear unusually wide and reaching weil behind
the spear. Odonrostyle straight and cylindrical, longer
than cephalic dia me ter; its aperture occupying about
one-third of its length. Guiding apparatus a long tube
with widened anterior ring. Oesophagus muscular,
expanding before or near middle in more steps.
Oesophageal nuclei distinct, with the exception of the
anterior subventral nucleus. Intestine generally
folded, with enlarged cells at junction with prerectum.
Prerectum with short caudal sack. Anal musculature
very strong. Vulva transverse, located near middle of
body. Female genital system amphidelphic; reproduc
tion by automixis. Males absent. Tail conoid, srraight
ta ventrally arcuate with rounded tip, as long as two ta
five anal diameters. Distal pan of tail "empty" with
very thin cuticle.

TYPE SPECIES

• Boreo-" is from the Greek word fJOPElOŒ = normern, of
me norrh. Boreolaimus borealis sp. n.
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OTHER SPECIES

B. arClicus sp. n.
B. enckelli (Andrassy, 1967) comb. n.

= Eudorylaimus enckelli Andrassy, 1967
B. lapponicus sp. n.
B. norvegicus sp. n.
B. seplemlrionalis sp. n.

ln general habitus and organization, me new genus
corresponds to the criteria of me family Qudsia
nematidae and of its type subfamily (sensu Andrassy,
1992). 1t resembles the genus Eudorylaimus Andrassy,
1959 in sorne morphological features, it differs, how
ever, not only from mat and the omer genera of the
family but also from ail known members of the subor
der Dorylaimina. The uncommonly wide lining of
stoma, tubular guiding sheath, (seemingly?) lacking
anterior subventral nucleus in oesophagus, "empty"
posterior region of tail are the main morphological
characteristics of me Boreolaimus species. In addition,
they are notable for me complete absence of males.
Moreover, their OCCurrence also is distinctive: ail of
them inhabit groundwater biotopes and are distrib
uted, as far as known, in the Arctic region of Europe.

MAJOR MORPHOLOGICAL AND BIOLOGICAL
FEATURES AND THEIR TAXONOMIC VALUE

In order to present the most important morpholo
gical characters of Boreolaimus and to point at meir
constancy or variability, let us inspect the new genus
more in detail.

Body shape: The members of the genus are of mid
die length, between 1.5 and 2.4 mm. The body lengm
may fluctuate only a little within one species; there are
smaller species, under 2 mm, species of medium
length, about 2 mm, and bigger ones, above 2 mm.
The figure is moderarely slender to slender, the value
of "a" varies between 23 and 62. Two of me species
are comparatively stout (a < 30), two moderately min
(a =30 to 40) and two definitely slender (a =40 to
60). In fixed state the body remains more or less
straight or becomes slightly bent ventrad.

Cuticle: The cuticle is definitely min, 1 to a maxi
mum of 2 Jlm over the entire body, thicker, up to 3
5 /lm, only on the anterior part of tail. Optically, me
cuticle consists of two layers: a thinner, more refrac
tive outer layer and a thicker inner layer. The cuticle is
smooth, at most the inner surface may show sorne fine
annulation in the neck region (Figs 7A; 9A). Only one
species shows a superficial structure of cuticle: in me
anal area a very fme transverse striation and indistinct
punctation can be seen (Fig. 4C). In aIl species, me
cuticle at me level of the mouth spear is conspicuously
thinner man me spear itself.

Cephalic region: The head is weil separated from me
adjacent region of me body by a depression. Its
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appearance is very similar in every species. The six
lips are distinct and more or less angular, and bear
rounded or somewhat conoid papillae. The diameter
of the lip region varies only slightly: it measures 16 to
19 /lm. The amphids open just behind the lips; mey
are cup-shaped and at least half as wide as the corres
ponding body diameter.

Buccal region: One of me principal distinguishing fea
tures of Boreolaimus can be seen in me moum cavity:
its lining or contour is wider (more spacious) man in
omer genera of Qudsianematidae. 1t begins wim a wide
atrium, men turns into a jug-shaped medial part and
ends weil behind the basis of the spear. The shape of
the dorylaimid odontostyle is constant and mere is also
little variation in lengm: 22 to 28 /lm in me genus. In
each species, the variation of me stylet length does not
exceed 2 /lm. The spear is always longer man me diam
eter of head (1.2 to 1. 5 times). The aperture occupies
one-third of spear length or so. The structure of the
guiding sheath around the spear is similar in every spe
cies: it is not a simple ring but a comparatively long
tube with somewhat divergent proximal walls and wid
ened anterior end (Figs 3A; 7A; etc.).

Oesophagus: The oesophagus consists of a slender
but muscular anterior part and an extended, weil
m uscular posterior portion, the cylindrus (see
Andrassy, 1995). The length of me oesophagus is
always measured from me anterior margin of the lip
region to me posterior margin of me cylindrus. The
length of me cylindrus cannot be defined exactly,
owing to the graduai or stepwise widening of the
oesophagus, but me cylindrus occupies at least half
the lengm of me distance between anterior body end
and cardia. Its posterior region is not regularly cylin
drical: it starts wim an anterior widening and shows a
conspicuous expansion in its posterior mird/fourth
(e.g., Figs 9B; lOB). In addition, a slight medial swell
ing is also present. The oesophageal gland nuclei are
refractive and weil visible, except for me anterior sub
ventral nucleus (AS]), which is completely invisible
(and there is no gland opening at the place where
there would be one if me nucleus was present).
Whether the nucleus is truly absent or so minute as to
be indistinguishable from the oesophageal tissue, can
not be decided wim certainty. Whatever the case may
be, this nucleus could not be observed or localized
with certainty in more man one hundred specimens
studied for this purpose (in sorne specimens of a sin
gle species, a minute, more or less nucleus-like gra
nule could be seen at 28-30 % of the distance between
dorsal nucleus and posterior end of cylindrus, weil
anterior to the AS2. Was it an AS 1 indeed?) *. The

* In dorylaimid nematOdes, the AS 1 nucleus is usually
smaller rhan irs panner (AS2), bur this small nucleus is
generally visible.
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dorsal nucleus (D) is essentially larger than the other
nuclei, round-oval (e.g., Fig. SD), generally lying
parallel with the body axis and rarely at a right angle
to it. Ir is located in the proximal part of the anterior
widened region of the cylindrus at a fairly constant
position, near 60 % (57 to 62 %) of the distance
between head and hind end of oesophagus. The visi
ble anterior subventral nucleus (AS 2) and the two
posterior subventral nuclei (PS 1 and PS2) are simi
lar in shape, i. e., mostly round, exceptionally ovoid
(Fig. lOB); in sorne cases AS2 is a little bigger than
each PS (Fig. 12B). Their position can be described
as constant. AS2 is located at about 40 % (36 to
44 %) of the distance between dorsal nucleus and
posterior end of cylindrus, PS 1 and PS2 are located at
about 65 % (61-70 %) and 67 % (63-71 %) of the
same distance, respectively. PSI and PS2 are located
at the beginning of the posterior expansion of the
cylindrus. In one of the species, an unusual phenome
non was observed: at the level of the dorsal nucleus or
a liule before it, one or two 'accessory' nuclei were
present (Figs 7B; SE). They were elongate, trans
versely directed, and weil visible in half the specimens.
What are they actually and what are they used for)
This remains an unanswered question for the
moment.

Since the study ofLoof and Coomans (1970), it has
been generally accepted that the location of oesopha
geaI gland nuclei in dorylaimid nematodes is useful in
the characterization of families, genera, and even spe
cies. Of the five nuclei, the dorsal nucleus is the big
gest and the most anterior. The other four nuclei are
arranged in two pairs, one located in the middle, and
the other one at the posterior third/fourth of the cylin
drus. Their position may be measured in diverse ways:
either in absolute distances in !Jm from anterior or
posterior end of cylindrus, or in percentage of the
cylindrus length or of the entire length of the oesopha
gus. Percentage values for nucleus positions are easier
to visualize and compare at a glance than absolu te
measurements, but they also may cause sorne difficul
ties for the observer. Thus, percentages of oesophagus
length can be relatively imprecise, e.g., in terms of dis
tance between closely spaced nuclei, while percen
tages of cylindrus length are often subjective as the
anterior end of the cylindrus is often difficult to deter
mine precisely (it begins by a graduaI widening and
not at a definite point). To avoid these problems, a
new method is suggested here which is essentially a
combination of old ones: the position of the dorsal
nucleus is determined as a percentage of the total
length of the oesophagus (from head to posterior end
of cylindrus). This nucleus is big enough to be
observed even under lower magnificat ion and its loca
tion is easily specified in relation to the entire
oesophageal length. However, the other four nuclei
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should be localized as a percentage of the distance
from the dorsal nucleus (from the centre of it) to the
posterior end of the cylindrus. These data give a good
picture of the position of the posterior four nuclei,
whether to compare them with the dorsal nucleus, or
with one another. In the following descriptions of the
Boreo!aimus species, this method is applied (Fig. 2); in
parentheses, the 'old' values according to Loof and
Coomans (1970) are also added. Unfortunately, the
openings of the oesophageal glands were in most cases
so indistinct that their positions could not be mea
sured.

lruescine: The cardia is muscular, tongue-shaped,
medium long. The intestine consists of one layer of
large cells; it has a wide lumen and is often folded.
Compact contents can frequently be observed in the
digestive tract; they may be colourless, yellowish, or
greenish, occasionally quite dark. Sorne enlarged cells
are visible in the intestine just before the intestine-pre
rectum junction, which is offset (e.g., Figs 4A; 6C;
SC). The prerectum also possesses a wide lumen, as
weil as a short but distinct dorso-caudal sack due to
the ventrally displaced origin of the rectum. The pre
rectum is 1.5 to 4.5 times, the sack 1 to 1.5 times as
long as anal body diameter, but their lengths may vary
within the same species. The rectum is practically
straight.

Female genira! syscem: Arnphidelphic nematodes with
equally developed gonads. The vulva is transverse
(Fig. 12D), with sclerotized (Figs 5D; 10D) or non
sclerotized (Figs. 3C; 7C; 9D) inner Iips; presence or
absence of sclerotization is constant for a species and
constitutes a good taxonomic character. The female
genital aperture can be found near mid-body. The
arrangement of the gonads can vary within one spe
cies: any of them may be seen either on the right or
the left side of the intestine, bu t they are generally on
opposite sides of the intestine in the same animal.
Both ovaries are of similar length, reflexed, often
reaching to the vulva; they consist of a moderate
number of cells. No more than one or two mature
eggs occur at the same time; they are longer than the
body diameter. The oviduct is a sJender and trans
versely striated tube lying on the ventral side; in young
females, it is subterminally connected with the ovary
(Figs SE; 7E; 10E), in mature females the distance
between the proximal end of ovary and the cormection
with oviduct is considerably longer (Figs 3D; 12E). At
the junction of oviduct with uterus, a small chamber is
present which may conta in a few sperm-like elements,
or fine granules only. No spermatozoa were ever seen
in the uterus, even in gravid females. This means that
males are actually 1acking - a very remarkable feature
of the genus Boreo!aimus gen. n.!

Reproduaion: Reproduction most probably occurs
by self-fertilization (automixis). In younger females, a
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Fig. 2. How 10 deœrmine the location of the pharyngeal nuclei: The position of the dorsal nucleus is expressed as a percentage of the
distance between head and posterior end of oesophagus; the positions of the subventml nuelei are given as the percentage of the distance
between dorsal nucleus and posœrior end of cylindrus. ln the example shown here, D (dorsal nucleus) =59 %; AS] (anœrior subventml
nucleus, fim) = 48 %; AS2 (anlerior subventral nucleus, second) = 50 %; PS1 (posterior subventral nueleus, fim) = 70 %; PS2 (pos
lerior subventral nucleus, second) = 72 %.)

few refractive cells or nuclei may be observed in me
germinal zone of both ovaries, close to me ovary-ovi
duct junction. These are presumably spermatozoa
(Figs SE; 7E). Similar sperm-like elements, few in
number as weil, can sometimes be seen in me proxi
mal widened end of the oviduct. Therefore, it is sug
gested that me ovaries - more exactly: ovotestes - first
produce a Iimited number of male genital cells (sper
matocytes), then change meir function to produce
oocytes (proterandry). Whemer reproductively func
tional male specimens still occur from time to time
could not be ascertained. No male specimens were
ever found in me very rich Scandinavian material col
lected during various seasons. Thus, we may suppose
that the representatives of the genus Boreolaimus are
ail monosexual, females in appearance, but in fact
hermaphrodites. In meory, monosexual (autotokous)
reproduction results in loss of genetic variability and,
as a consequence, diminishes the ability for adapta
tion, which makes it seem to be less viable man bi
sexual (amphimictic) reproduction. When, however,
the environment is constant enough - as is the case in
our Boreolaimus species: mey occur in a definite type
of habitats, and in addition] in me same climatic zone
of the Earm - hermaphroditic reproduction may be
successful and sufficient for preserving the race. The
great constancy in morphological characters wimin
the whole genus Boreolaimus may mus be interpreted
as an outcome of bom mode of Iife and type of repro
duction.

That male individuals are infrequent or very scarce
is not unusual in nematodes, but a perfect and con-

sistent absence of males is an extremely rare pheno
menon in free-Iiving forms. We know of only a few
genera, mat are rich in species and fairly frequent in
certain biotopes, where males have never been found
(e.g., Bunonema, Drepanodorylaimus *).

The material described here was interesting in
another respect. When investigating the fine structure
of me female genital system in Dorylaimida, Geraert
el al. (1980) wrote: "As we never found oocytes in the
oviduct, oocytes must pass quickly mrough each of
these cells although under me Iight microscope a
lumen is never seen". In two specimens of Boreolai
mus, l could observe how a haIf-mature egg (oocyte)
goes through me oviduct by actually flowing mrough
this very tight tube, which does have a lumen. The
oocytes are practically Iiquid in content and covered
by a very min and elastic membrane. When the most
mature oocyte is ready to start from the ovary towards
the uterus, it simply flows through the oviduct
(Fig. 7F). Once in the uterus, it regains its concrete
shape, develops a thick shell, and becomes a true egg.
Whemer fertilization happens in me ovary, or e1se
where on me way towards me genital opening - most
probably in the receptaculum-Iike chamber of me ovi
duct - couId not be ascertained in fixed material.

* 1 have an exceptionally rich collection of Drepanodorylai
mus species as well as of other relative genera of the dory
laimid subfamily Afrodorylaiminae; whereas they were
collected in various pans of the Earth, male specimens do
not exist among any of them.
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Ta il: In addition to the shape of buccal cavity and
guiding sheath, and to the probable lack of anterior
subventral nucleus in the oesophagus, the unique
structure of the tail is another important feature of
Boreolaimus. The ta il is conical, narrowing quickly at
first then more slowly, srraight (Figs 4A, C; 6A) or
ventrally arcuate (Figs 8A; 9F, G; l3A, B), and always
with a regularly rounded tip. Irs length varies berween
two and five anal body diameters within the genus,
but it is very typical and constant for each species.
There are species with short tail (c' = 1.8-2.6),
medium tail (c' =3.1-3.5), and long tail (c' =4.3-5.2).
The posterior region of the tail always seems ra be
empty. The body tissue which fills the anterior half
rapidly ends with a sharp contour, which leaves the
posterior part free. The comparatively thick cutic1e of
the anterior tail portion suddenly becomes very thin at
the level where the tail tissues end or a little before
(Figs 6D; 9H; IID; 13C). Ir may be that the 'empty'
portion of tail is filled up with air or sorne crystal-c1ear
liquor; certainly, no solid elements were seen in it. In
sorne other dorylaimids, the posterior part of tail is
sometimes also apparently empty; however, this por
tion may contain traces of tissues or be packed with
the thickened - but transparent - cutic1e. Still, if there
is sorne actual void in the tail, it is limited in extension
and called 'core'. In Boreolaimus species, the posterior
part of tail is covered by a very thin layer of cutic1e
and the whole interior is apparently empty. It may be
supposed that this emptiness at the hind end of body
plays sorne role in the life of our animaIs - but what is
that role? The length of the 'empty' section in relation
tO the entire length of tail is fairly constant within the
same species. In the genus, it varies from 21 to 54 %.
In sorne species it measures 1/4 (Fig. 13A, B), in
other species 113 (Fig. lIA, B) or 112 (Fig. 4A-C) of
tail length. It should be noted that two species of
Boreolaimus are characterized in having distinct 'bub
bles' or 'saccate bodies' in the subventral cuticle on
the anterior ha If of the tail; these structures are con
stant (Figs 4A-C; IIA-C). It is furthermore charac
teristic for the tail that the anal musculature is
stronger and wider than usual in dorylaims.

Habùar and distribution: As far as known, the mode
of life and the distribution of representatives of the
genus Boreolaimus seem ra be unique. Ali six members
of the group have come tO light from one series of col
lections in Scandinavia. Although the species of this
genus are terricolous, they do not inhabit soil types
covered by plants and interwoven with roots but they
live in groundwater along river banks or lake shores.
In these interstitial habitats, they have been found
associated with other nematodes which are generally
known ra occur in such biotopes. Thus, the samples
studied also contained members of the fol1owing gen
era: Theristus, Plectus, Hemicyc!iophora, PrismalOlaimus,
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Ironus, Tobrilus, NeolObrilus, TrischislOma, Tripyla,
Mononchus, Prionchulus, Mylonchulus, Eudorylaimus,
and Discolaimoides. However, it should be emphasized
that, while these other genera ofNematoda may occur
in various other habitats as weil, the species of Boreo
laimus only inhabit groundwater biotopes - as far as is
known at present.

As for their distribution, all six species were discove
red in Scandinavia, close to or beyond the Arctic
Circle. Whether our animaIs also occur in other
regions of the Arctic remains unknown. The nema
tode communities of interstitial biotopes in North
Russia, North Canada, Alaska, or Greenland have not
been investigated yeti the fauna of other biotopes of
these terriraries are also hardly known.

Ir is of interest that no species of the genus Boreo
laimus has been discovered in Spitzbergen, the north
ernmost isles of the European mainland. Although a
rich nematode collection from those islands has been
studied by Loof (1971), nemarades similar to Boreo
laimus were not mentioned in this paper. One species,
Eudorylaimus maksymovi Altherr, 1963, seems ra be a
little Boreolaimus-like as described by Loof (1971). Dr
Loof kindly sent me two female individuals for com
parison with my Arctic animaIs. However, the speci
mens sent by Dr Loof are typical members of
Eudorylaimus in every respect (head practically not
offset, spear weak, cutic1e as thick as spear, guiding
ring as usual in dorylaims, buccal cavity moderately
large, intestine not folded, vulva roundish, posterior
part of tail not 'empty', tail tissue, if very thin, reach
ing ra ta il tip, cuticle not thinned on hind end, etc.).
However, Loof did not examine nematodes from
groundwater habitats in Spitzbergen. On the other
hand, it is also worth mentioning that no other investi
gators of interstitial biotopes - particularly Altherr 
has ever described nemarades similar to Boreolaimus.
Altherr (1972) did study groundwater samples from
Sweden but his collection originated predominantly
from southern regions of the country. Summa sum
marum: groundwater and far north, both these crite
ria are necessary ra meet Boreolaimus - at least ra our
present knowledge.

THE SPECIES OF THE GENUS BOREOLAIMUS

The genus Boreolaimus consists of six species. One
of them, B. enckelli, is known, the other five are new to
science. The members of the genus share a great
number of common morphological features (generic
characters), that is, they are strongly similar to one
another, but they are easily distinguished by specifie
morphological features.

Ir should be noted that other Boreolaimus species
may be present in the European Arctic. In the mate
rial examined, 1 found individuals - not one or two
but several - which undoubtedly belonged ra Boreo-
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Fig. 3. Boreolaimus borealis sp. n. A: Amerior end; B: Cylin
drus wilh nt/dei; C: VaginaL region; D: Anlerior femaLe gonad.
(ScaLe bars = LD)lm each; upper: A, middLe: C, Lower: 8, D).

Fig. 4. Boreolaimus borealis sp. n. A-C: Tails; D: DorsaL
oesophageaL nucleus. (ScaLe bars = 10 pm each; upper: D, Lower:
A-C).

laimus, but could not be identified with any of the six
described species. They were in poor condition or in
smaIl numbers and could not be described as new
species. Therefore, they are not included in this paper.

Boreolairnus borealis * sp. o.
(Figs 3, 4)

MEASUREJ\·lENTS

Hololype (female): L = 2.17 mm; a = 39; b = 3.8;
c =31; V =55; c' =2.0.
Females (n = 10): L = 2.00-2.38 mm; a = 39-45;
b =3.8-4.3; c =31-34; V =53-55; c' =1.8-2.2.

DESCRIPTION

Females: Body long and slender, 49-54 ~lm wide at
mid-region. Cuticle 1.8-2.0 Ilm thick, at spear level
only about 2/3 as thick as this, thicker (4-5 /lm) on
anterior region of tail; smooth excepted on the anal
region where fine transverse striation or punctation
(the striae may show anastomoses) present. Labial
region weIl offset by depression, 17-18 flm wide; lips
angular with finely rounded papiIlae. Body at poste
rior end of oesophagus 2.6-3.0 times as wide as head.
Amphids caliciform, broader than half the corres
ponding body diameter. Buccal cavity wide, especiaIly
at level of guide ring where it is wider than half the
corresponding body diameter; reaching far behind
posterior end of spear. Odontostyle straight, weIl
developed, 24-26 Ilm long and about 3 /lm thick, 1.3
1.5 times as long as labial diameter, 1120-1122 of
entire length of oesophagus. Aperture shorter than 1/3
spear length. Guiding sheath long, tubular, its ante
rior ring-like expansion located behind spear aper
ture. Protractor and retractor muscles of spear weIl
developed. Oesophagus muscular in its en tire length,
500-565 /lm long, widening graduaIly or in several
steps at about 40-45 % of its length. Cylindrus some
what expanded on both ends. Dorsal nucleus 4-5 flm,
rounded-oval to oval, directed paraIlel with body axis,
distinctly bigger than other nuclei; three sub-ventral
nudei round, conspicuous. Two pcsterior nudei
generally Iying at the same level; doser to AS2 than to
posterior end of cylindrus. Locations of oesophageal
gland nuclei given in Table 1; location following Loof
and Coomans (1970): D: 57-60 %, AS 2: 75-78 %,
PSj: 85-87 %, PS2 : 85-88 %. Distance between pos
terior end of oesophagus and vulva longer (1.1-1. 3
times) than oesophagus. Cardia wide, tongue-shaped.
Intestine with wide lumen, folded, with enlarged cells
just before prerectum. Prerectum 1.3-2.2 anal diame
ters long, with a short dorsal caudal sack; rectum
straight, 1.1-1.2 anal diameters long. Vulva trans-

* The specifie name borealis (GreekILatin) means: northern,
north-inhabiting.

verse, with non-sderotized inner lips. Vagina 27-31
Ilm long, as long as or longer than half the corre
sponding body diameter. Female genital organ 20-
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Boreolairnus enckelli (Andrassy, 1967) comb. n.
=Eudorylaimus enckelli Andrassy, 1967

(Figs 5, 6)

Fig. 5. Boreolaimus enckelli (Andrassy, 1967) comb. n.
A: Amerior end; B: Cylindrus with nuclei; C: Dorsal pharyn
geai nucleus; D: Vulva and vagina; E: Amerior female gonad;
germinal end wilh spermalOzoa. (Scale bars = 10 /lm each;
upper: A, C, middle: D,1010er: B, E).

MEASUREMENTS

Hololype (female)*: L = 1.56 mm; a = 29; b = 3.1;
c=21;V=51 %;c'=2.4.

Females (n = 6): L = 1.50-1.61 mm; a = 27-29;
b = 3.2-3.5; c = 22-26; V = 52-56; c' = 2.3-2.6.
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DIAGNOSIS AND RELATIONSHlPS

LOCALITY AND HABITAT

TYPE MATERIAL

Holotype: Female, slide No. 7/Sk-B. Paratypes:
fourteen females and two juveniles. Ali in the nema
rode collection of the Eotvos Lorand University,
Budapest, Hungary.

23 % of body length in mature females; each branch
four ro five times as long as body diameter. Anterior
gonad mostly on the left, posterior gonad on the right
side of intestine. Ovaries reflexed to vulva. Oviduct
with a proximal receptaculum-like chamber; juncüon
oviduC[ U[erus with a sphincter. Uterus never contain
ing sperm. Mawre eggs nO[ observed. Dis[ance bet
ween vulva and anus 13 to 15 ümes as long as [ail.
Tail short, 64-75 !lm, 1.8-2.2 anal diameœrs long, or
3.0-3.2 % of body length; conoid, straight or with
posterior part sligh[\y bent ventrally, wüh rounded üp.
Three feawres characteristic for the tail: 1) on its ante
rior region cuticle finely bU[ distinctly striated, and
with a very fine punctation as well; transverse striae
best visible on the dorso-Iateral side of the tail and
sometimes with anasromoses; il) on the anterior
region, but at sorne distance from the anal opening,
small but disünct subventral 'saccate bodies' ('bub
bles') sometimes present; iil) distal 'empty' region
measuring 30-39 llm, i.e., about half length of tail
(47-54 %).

Males: not found.

Lake Ovre Trangvatn in the Alta-elv river system,
Provo Finnmark, the northernmost region of Norway,
weil north of the Arctic Circle, groundwater, August
1965; collected by P.H. Enckell (Fig. l, loc. 2).

The main characters are: longest species in the
genus, body slender, spear long, vulva not sclerotized,
tail short with striated-dotted cuticle and subventral
bubbles.

Boreolaimus borealis sp. n. belongs ro the short-tailed
representatives of the genus, resembling in this respect
B. enckelli (Andrassy, 1967) and B. Lapponicus sp. n.
Ir clearly differs from B. enckelli in having a body
longer (2.0-2.4 vs 1.5-1.6 mm) and more slender (a =
39-48 vs 27-29), unsclerotized vulval lips, and finely
ornate cuticle on tail; from B. lapponicus in having
cuticular ornamentation on/in the [ail and a longer
percentage of 'empty' portion in relation to tail
length. In the ornamentation of the tail, B. boreaLis is
unique within the genus.

DESCRIPTION

FemaLes: Body shorter and stQuter than in other spe
cies of the genus, 52-56 !lm wide at middle. Cuticle
thin and smooth, 1.7-1.8 !lm, somewhat thicker
(2.5 !lm) on anterior part of tail; half as thick as spear
itself at level of spear. Cephalic region offset by
depression, 17-19 !lm wide, with well separated lips;
papillae conoid. Body at posterior end of oesophagus
aboU[ 2.5 times as wide as head. Amphids caliciform,
half as wide as corresponding body diameter. Buccal

* In the original paper (1967), the measuremems of the
young female - still surrounded by the last larval cuticle 
were mistakenly given instead of those of the mature female;
the measuremenrs of the holorype are te be found here.
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Fig. 6. Boreolairnus enckelli (Andrassy, 1967) comb. n. A-C:
Tail forms; D: Posrerior half of lait wùh 'empIY' region. (Scale
bars = la p.m each; upper: D, lower: A-C).

Boreolairnus lapponicus * sp. n.
(Figs 7, 8)

40-50 % of tail length. Anal muscles strongly devel
oped.

Male: not found.

LOCALITY AL'\ID HABITAT

This species was first found in groundwater near
River Torne-a Iv, Provo Lappland, Sweden, north of
the Arctic Circle, July 1962 (Fig. l, loc. 5). Recently
it was observed in samples from Lake Satisjaure at
Vietasjokk, Lule-alv water system, Provo Lappland,
Sweden, north of the Arctic Circle, in groundwater,
440 m above sea-Ievel, July 1963 (six females and two
juveniles; Fig. l, loc. 7).

REMARKS

The main characters are: smallest species of the
genus, body comparatively stout, distance berween
posterior oesophagus end and vulva shorter than in
the other species, vulval lips sclerotized, tail short with
comparatively long 'empty' portion.

l described this species as Eudorylaimus enckelli
Andnlssy, 1967 but l noted then that it differed from
every member of the genus Eudorylaimus in the Struc
ture of its ta il. There is no question that enckelli is a
true Boreolaimus. In having a short tail, this species
resembles B. borealis sp. n. and B. lapponicus sp. n.,
but it can be very easily distinguished from them by
the weil sclerotized vulval lips (see the descriptions of
B. borealis and B. lapponicus for omer differences.)
In sclerotization of vulva, B. enckelli is similar ta
B. septencrionalis sp. n., bu t the tail of the present spe
cies is much shorter (60-74 vs 160-168 llm; c' = 2.3
2.6 vs 4.8-5.2) and there are no 'saccate bodies' in the
cuticle.

It shall be noted that in a sample collected in
Sweden, l found three females closely resembling B.
enckelli. However, they were longer (1.7-2.0 mm),
more slender (a = 33-38), the dorsal nucleus was
directed transversely in the cylindrus, and the egg was
longer, i. e., rwo body diameters. Whether this form
was a variant of B. enckelli or a separa te species could
not be determined because of the small number of
specimens.

MEASUREMENTS

Holotype (female): L = 2.06 mm; a = 42; b = 4.0;
c = 30; V = 52; c' = 2.1.

Females (n = 24): L = 1.73-2.17 mm; a = 35-42;
b = 3.6-4.1; c =26-30; V =52-58; c' =2.0-2.3.

* The specifie name of this nematode refers to Lappland,
the region of both Finland and Sweden where our species
was collected.

o
BA

cavity wide and long. Odontostyle 23-24 llm long and
about 3 llm thick, 1.3-1.4 times as long as cephalic
diameter, or 1/20-1/22 of oesophageal length. Aper
ture somewhat shorter than 1/3 spear length.
Oesophagus 463-498 llm long, 29-32 % of entire
length of body, gradually widening at middle. Cyl in
drus typical for the genus: somewhat widened on both
ends. Distance between posterior end of oesophagus
and vulva considerably shorter (0.6-0.7 times) than
oesophagus. Dorsal nucleus oval, 4 /lm, longitudinally
directed; subventral nuclei round, distinctly smaller
than dorsal nucleus. ASz much closer to the rwo PS
than to D. Average distance between dorsal nucleus
and posterior nuclei somewhat shorter than in other
species of the genus. Locations of oesophageal gland
nuclei given in Table 1; location following Loof and
Coomans (1970): D: 60-62 %, ASz: 76-78 %, PS (
84-86 %, PSz: 85-87 %. Cardia short but fairly broad.
Intestine with wide lumen and folds. Prerectum offset
by constriction, 2.0-2.5 times as long as anal body
diameter, with a caudal sack. Rectum 1.2-1.5 anal
diameters long, straight. Vulva transverse with
strongly sclerotized drop-shaped inner lips. Vagina
strong, 25-28 ~lm, nearly ha If as long as body diame
ter. Female genital organ 22-24 % of body length;
each gonad 2.8-3.5 body diameters long. Anterior
gonad on the left, posterior gonad on the right side of
intestine. Ovaries long, mostly reaching to vulva. One
or two eggs in uterus: 80-83 x 49-51 /lm, 1.4-1.5
times as long as body diameter. Distance berween
vulva and an us 9-10 times as long as tail. Tail 60-74
llm, 2.3-2.6 anal diameters long, or 4-5 % of body
length, conoid, straight or slightly bent; tip of tail
regularly rounded. 'Empty' portion 23-30 llm long,
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Fig. 8. Boreolaimus lapponicus sp. n. A-G: Tail shapes;
D: Forms of dorsal nuclei; E: "Accessory" nuclei in the -viânùy
of the dorsal nucleus. (Scale bars = la Jim each, upper: D-E,
lower: A-G).

500-575 ~m long, muscular in its en tire length, gra
dually expanding near middle; cylindrus 50-52 % of
oesophagus length. Dorsal nucleus 3.5-5.5 ~m, longi
tudinally directed. Anterior subventral nucleus (AS 2)

round or oval, at 83-87 ~m from dorsal nucleus. Poste
rior subventral nuclei (PS] and PS2) globular, close to
one another, 134-152 and 137-153 ~m behind the
dorsal nucleus, respectively. In about half of the speci
mens, one or two quite distinct oval, or slightly irregu
lar 'accessory' nuclei present at level of the dorsal
nucleus or somewhat (2-16 !lm) anterior to it, larger
than the subventral nuclei but smaller than the dorsal
nucleus. In sorne specimens, a minute refractive par
ticle also present at about one body diameter before
the ASz, possibly representing AS]. Locations of
oesophageal gland nuclei given in Table 1; location fol
lowing Loofand Coomans (1970): D: 58-60 %, AS2 :

74-77 %, PSI: 85-88 %, PS 2 : 86-88 %. Cardia broad,
tongue-shaped. Intestine often folded, with wide
lumen. Prerectum offset, its lumen also wide, short, as
Jong as 1.2-2.2 anal diameters, rectum 0.9-1.3 anal
diameters long. Intestine with enlarged ceIls anterior
to junction with pre rectum. Posterior dorsal end of
prerectum sack-like. Vulva transverse, inner lips not
sclerotized; vagina 26-30 ~m, half as long as corre
sponding body diameter or a little shorter. Female
genital apparatus 20-24 % of body length. Each gonad
4.0-4.4 times as long as body diameter. Ovaries shon
in young females, longer in old females, reaching to

E

Fema/es: The longest species of the genus. Body
fairly slender, 50-57 ~m in mid-region. Cuticle thin,
1.5-1.7 ~m, thicker (3-4 !lm) on anterior part of tail,
only half as thick as the spear at level of spear; smooth
or very finely annulated on inner surface of neck
region. Labial region offset, 17-19 ~m wide, lips sepa
rate with conoid-rounded papillae. Body at posterior
end of oesophagus 2.6-2.8 times as wide as head.
Amphids dorylaimid, half as wide as corresponding
body or a little wider. Buccal cavity very spacious and
long. Odontosryle straight, 23-25 ~m long and 3 ~m

wide, 1.2-1.4 times as long as cephalic diameter, 1122
1/24 of oesophageal length. Aperture nearly 113 of
spear. Guiding apparatus tubular with widened ante
rior end and diverging posterior walls. Oesophagus

DESCRIPTION

Fig. 7. Boreolaimus lapponicus sp. n. A: Anterior end;
B: Gylindrus wùh nuclei; G: Vulva and vagina; D: A merior
female gonad; E: Ovary-oviduCljunction; germinal end of ovary
(= OVOlestÎs) showing half-mature and mature spermaLOzoa;
F: An oocytejust pouring imo the oviduct. (Scale bars = la Jim
each; upper: A, middle: G, Iower: B, D-F).

562 Fundam. appl. Nem aLOI.



Boreolaimus gen. n. /rom European Arclic

Boreolairnus arcticus * sp. n.
(Fig.9A-H)

guished from B. borealis: the cuticle of the tail is sim
ple (striated and with 'saccate bodies' in B. borealis),
the 'empty' part in proportion to rail length is shorter;
from B. enckelli: the vulval lips are not sclerotized, the
body is longer (1.7-2.2 vs 1.5-1.6 mm). If the pres
ence of 'accessory' nuclei in front of the cylindrus
were a constant feature, it wouId be an additional dis
tinguishing feature for B. lapponicus.

vulva. Oviduct ventral, with small receptaculum-like
proximal chamber but not containing sperm. One or
two eggs present at the same time, 102-107 x
47-49 !lm, 1.8-2.0 body diameters long. No spermato
zoa observed in the uterus. In young females eight to
fifteen refractive cells observed at the distal ends of the
ovaries, most probably spermatozoa produced by the
proterandric germinative glands. Vulva-anus distance
ten to fourteen times as long as tail. Tail 65-76 !lm,
2.0-2.2 times as long as anal body diameter, or 3.4
3.8 % of total length of body; conical, straight or
slightly bent, with regulariy rounded tip. 'Empty' sec
tion 27-30 !lm long, 37-44 % of tail length. Cuticle
thinning suddenly a little before the beginning of this
empty part. Anal muscles very strong.

Males: not found.

MEASUREMENTS

Holorype (female): L = 1.64 mm, a
c= 18;V=51;c'=3.5.

33; b = 3.7;

* The specifie name arceicus (Latin) means: arctic, originat
ing from the Aretie.

H

(0\1
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Fig. 9. Boreolaimus aretieus sp. n. A: Amerior end; B: Cylin
drus with nuclei; C: Dorsal nucleus; D: Vulva and vagina;
E: Ancerior female gonad; F-G: Tails; H: Poscerior 'empry' half
of rail. (Scale bars = 10 Jlm each; upper: A, C, H, middle:
D, lower: B, E, F-G).

TYPE MATER1AL

HolOlype: Female, slide No. 41/Sk-B. Paratypes:
40 females and three juveniles. Ali deposited in the
nematode collection of the Eotvos Lorând University.
Further paratype specimens: Three females sent to
the collection of the Landbouwhogeschool, Wagenin
gen, The Netheriands, and three females and three
juveniles ta the collection of the Muséum National
d'Histoire Naturelle, Paris, France.

LOCALlTIES AND HABlTAT

TYpe locality: Lake Ylikitka at Hyvaniemi, Oulan
kajoki water system, Provo Lappi, Finland, close ta the
Arctic Circle, groundwater at 2 m from the lake, July
1960, collected by P.H. Enckell (47 females and 6
juveniles, Fig. l, loc. 12).

Dcher localities: Lake Peuraure, Lule-alv water sys
tem, Provo Lappland, Sweden, near the Arctic Circle,
440 m above sea-level, groundwater, July 1964 (three
females, three juveniles; Fig. l, loc. 8). Lake Karats,
Lule-alv water system, Provo Lappland, Sweden, on
the Arctic Circle, 410 m above sea-level, ground
water, July 1964 (one female, one juvenile; Fig. l,
loc. 9). River ParIalven at Parian, Lule-alv river
system, Provo Lappland, Sweden, quite close ta the
Arctic Circle, ground water, July 1964 (one female;
Fig. l, loc. 10). Lake Juona;aure, Lule-alv river sys
tem, Provo Lappland, Sweden, on the Arctic Circle,
July 1964 (two females; Fig. l, loc. Il). Lake Mieron,
Alta-elv water system, Provo Finnmark, Norway, weil
north of the Arctic Circle, groundwater, August 1965
(three females, two juvenilesj Fig. l, loc. 3).

DJAGNOSIS AND RELATIONSHIPS

The main characters are: comparatively large spe
cies with slender body, unsclerotized vulval lips, short
tail and plain caudal cuticle.

Boreolaimus lapponicus sp. n. belongs to the short
tailed species of the genus. Ir is close ta B. borealis sp.
n. and B. enckelli (Andrâssy, 1967). Ir can be distin-
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Females (n = 18): L = 1.50-1.79 mm; a = 28-36;
b = 3.6-3.9; c = 15-19; V = 44-51; c' = 3.1-3.5.

DESCRIPTION

Females: Body moderately long and slender, 42
56 ~m in mid-region. Cuticle th in, 1.5-1. 7 ~lm, hardly
thicker (2 !-lm) on anterior region of tail, about 2/3 as
thick as spear at level of spear; smooth, only subcuti
cle showing fine striation at neck region. Cephalic
region offset by depression, 16-1 7 ~m wide, lips sepa
rate with rounded papillae. Body at proximal end of
pharynx 2.5-2.8 rimes as wide as head. Amphids cali
ciform, half as wide as body at the same level. Lining
of buccal cavity wide and long as in other represen
tarives of the genus. Odontostyle 22-24 ~m long and
about 2. 5 ~lm thick, 1.2-1.3 times as long as labial
diameter. Aperture shorter than 1/3 spear length.
Guiding ring tubular, widened at both ends. Oeso
phagus 397-460 ~m long, expanded over 50-55 % of
its lengrh, more rapidly than in other species. Nuclei
distinct. Dorsal nucleus 4-5 !-lm, oval, longitudinally
directed. Other nuclei round and equal in shape.
Anterior subventral nucleus at 63-66 ~m from dorsal
nucleus, posterior nuclei at 106-112 ~m and 107
114 ~m from dorsal nucleus. Locations of oesopha
geai gland nuclei given in Table 1; location following
Loof and Coomans (1970): D: 60-62 %, AS2 : 75
77 %, PSI: 86-87 %, PS2 : 87-88 %. Cardia short,
rongue-shaped. Distance between posterior end of
oesophagus and vulva 0.7-0.9 rimes shorter than
oesophagus. Intestinal lumen wide, often with green
ish-blue contents; walls of intestine widened inwards
just before prerectum. Prerectum 2.1-3.2 times as
long as anal body diameter, with a short caudal sack;
rectum 1.0-1.2 rimes as long as anal body diameter.
Vulva transverse, not sclerotized; vagina roundish, 20
21 ~m long, about 40 % of corresponding body dia
me ter. Female genital apparatus as long as 14-20 % of
body length. Anterior gonad generally to the left, pos
rerior to the right from intestine; each 2.4-4.0 times as
long as body diameter. Ovaries reflexed almost to
vulva. Eggs not observed. No spermatozoa in uterus
observed. Distance vulva-anus 7-9 times as long as
tail. Taillong, 80-11 0 ~lm, 3.1 3.5 anal diameters, 5.5
7.0 % of body lengrh; conoid, mostly slightly bent
ventrally, rounded on tip. 'Empry' portion 26-40 !lm
long or 28-38 % of tail length. Cuticle narrowing sud
denly before the beginning of the 'empty part'.

Males: not found.

TYPE MATERIAL

Holotype: Female, slide No. 31/Sk-B. Pararypes:
22 females and sixteen juveniles. All specimens depo
sited in the nematode collection of the Eotvos Lorand
University, Budapest, Hungary.

564

LOCALITIES AJ"ID HABITAT

Type localùy: A short unnamed river at Bonnassjoen,
Provo Nordland, Norway, above the Arctic Circle,
groundwater, August 1965; coll. PH. Enckell (Fig. l,
loc.6).

Olher localùy: Lake Kuvatn, Provo Finnmark, Nor
way, far north of the Arctic Circle, groundwater, July
1965 (three females, thIee juveniles, Fig. l, loc. 1).

DIAGNOSIS AND RELATIONSHIPS

The main characters are: body moderately long and
slender, vulva not sclerotized, vagina comparatively
short, Iying more anterior than usual, tail long, empty
portion about 1/3 of taillength.

By its comparatively long tail (80-110 llffi), Boreo
laimus arcticus sp. n. clearly differs from the three
short-tailed species (60-77 ~m: B. borealis, B. enckelli,
B. lapponiclts) , as well as from the longer-tailed one
(160-168 ~m: B. seplemlrionalis). In the absolu te
length of tail (in ~m) it is close to B. norvegicus sp. n.,
but its body is much plumper (a = 28-36 vs 50-62),
the tail comparatively shorrer (c' = 3.1-3.5 vs 4.3-5.0),
and the "empry" section longer (l/3 vs 1/4 of tail
length).

Boreolailnus septerntrionalis * sp. n.
(Figs 10A-E; 11A-D)

MEASUREMENTS

Hololype (female): L = 1.92 mm; a = 30; b = 3.8;
c=12;V=50;c'=5.0.

Females (n = 4): L = 1.62-1.95 mm; a = 23-30;
b = 3.7-3.8; c = 10-12; V = 47- 50; c' = 4.8-5.2.

DESCRIPTION

Females: Body moderately long and slender, 63
71 ~lm at middle. Cuticle smooth, 2 !-lm over most of
body, but thicker (2.5-3.5 !lm) on anterior region of
tail and about 2/3 as thick as the spear at level of
spear. Cephalic region offset by depression, 18-19 !-lm
wide, lips separate with rounded papillae. Body at
posterior end of oesophagus 3.4-3.5 times as wide as
head. Amphids dorylaimid, halfas wide as body at the
same level. Mouth cavity large, in its widest part wider
than half a corresponding body diameter. Odonrostyle
27-28 !-lm long and 3.5 ~m thick, 1.3-1.5 times as long
as labial diame ter, 1117-1119 of oesophagus length;
straight. Aperture occupying a little less than 1/3
spear length. Guiding ring a long tube. Oesophagus
440-506 !-lm long, expanded in several steps. Cylin
drus somewhat widened at both ends. Oesophageal
gland nuclei well visible. Dorsal nucleus almost sphe
rical with large halo, other nuclei not globular as in

* Named after its norÙlern occurrence; "SeplemlrWnes"
means 'from the North' in Latin language.
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Fig. Il. Boreolaimus sep[em[rionalis sp. n. A-B: Ta ils;
C: OvaL bodies in lhe amerior subvemrai regiotl of rail;
D: "Emply" porLion of lail. (Seaie bars = /0 fim eaeh; upper:
C-D) Lower: A-B).
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Fig. 10. Boreolaimus septemrrionalis sp. n. A: Amerior end;
B: Cylindrlls wùh nuclà; C: DorsaL nucleus; D: Vit/va and
vagina; E: Anterior femaLe gonad, (ScaLe bars = 10,um eaeh;
upper: A, C, middie: D, Lower: B, E.)

the other species of the genus but plum-stone-shaped,
longitudinal or transverse in direction. Anterior sub
ventral nucleus at 65-67 Mm from dorsal nucleus; pos
terior subventral nuclei at 117-1191118-122 Ilm from
dorsal nucleus; average distance between ASz and D
comparatively shorter than in other species. Locations
of oesophageal gland nuclei given in Table 1; location
following Laof and Coomans (1970): D : 58-59 %,
ASz: 73-75 %, PSI: 85-86 %, PS2: 85-87 %. Cardia
and intestine typical of Boreolaimus. Prerecrum 2.5
3.2 times as long as anal body diameter, with a short
caudal sack; rectum 1.1-1.4 times as long as anal body
diameter. Distance between posterior end of oesopha
gus and vulva 0.8-0.9 times as long as oesophagus.
Vulva transverse, umer lips conspicuously sclerotized.
Vagina 26-30 Ilm, about half of the corresponding
body width. Female genital apparatus 20-21 % of
body length. Each gonad 2.5-3.5 body diameter long.
avaries not reaching to vulva. One egg: 82 x 55 !Jm,
1.2 times as long as body diameter. No sperm in
uterus. Distance vulva-anus 4.2-5.1 times as long as
ta il. Tai! unusually long, 160-168 !Jm, 4.8-5.2 times
anal diameter, 8-10% of body length; conoid,
arcually bent ven trad, with finely rounded tip. Cu ricle
with ovoid subventral 'saccate bodies' on the postanal

region, 7-10 on each side. 'Empty' portion 26-34 %
of tail lengrh.

Male: not found.

TYPE MATERIAL

Holotype: Female, slide No. 72/Sk-B. Para types:
one female and three juveniles. Every specimen
deposited in the Nematode Collection of the Eéitvéis
Lorand University, Budapest, Hungary.

LOCALITIES AND HABITAT

Type locality: Lake Laisan, U ma-alv water system,
Provo Lappland, Sweden, 450 m above sea-Ievel,
groundwater, July 1963; coll. P.H. Enckell (Fig, 1,
loc. 13).

Olher localily: Vojman River at Henriksfjall, Ânger
man-alven water system, Provo Lappland, Sweden,
500 m above sea-Ievel, groundwater, August 1966
(two females and two juveniles, Fig. l, loc. 14).

DIAGNOSIS AND RELATIONSHIPS

The main characters are: medium shape, the long
est odontostyle in the genus, sclerotized v1.1lval lips,
comparatively small egg, long tail, bubbles in tail cuti
cle, short empty portion in body end.

Boreolaimus sepremlrionalis sp. n. can easily be distin
guished from every member of the genus in having an
unusually long and ventrally arcuate ta il (160-168 vs
60-110 !Jm in the other species). The vulvallips are weil
sclerotized, as in B. enckelli, but the long, ventrally bent
tail with 'saccate bodies' and the comparatively short
'empty' part distinguish our species from B. enckelli.
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Fig. 13. Boreolaimus norvegicus ;p. n. A-B: Tausj G: Posle
rior 'empey' portion of lai!. (Scale bars = 10 pm eachj upper: G,
lower: A-B).

A

as 1/3 spear. Guiding ring tubular, anteriorly expan
ded. Oesophagus 394-495 ~m long, widened at 44
48 % of its length. Cylindrus somewhat widened at
both ends. Nuclei distinct. Dorsal nucleus rounded
oval, longitudinally directed, 4 ~m. Other nuclei
round; AS2 hardly smaller than D. Distance berween
dorsal nucleus and anterior nuclei 116-131 ~m and
119-131 ~m. Locations of oesophageal gland nuclei
given in Table 1; loca tion following Loof and
Coomans (1970): D: 59-61 %, AS2: 74-77 %, PSj:
84-87 %, PS2 : 85-87 %. Cardia short, tongue-like.
Intestine often with greenish contents. Prerectum 3.0
4.6 times as long as anal body diameter; rectum 1.0
1.5 times as long as anal body diameter. Distance
between posterior end of oesophagus and vulva 0.8
1 times as long as oesophagus itself. Vulva transverse,
inner lips not sclerotized; vagina 17-19 ~lm, half the
corresponding body diameter or a little longer,
strongly widened proximally. Length of female genital
organ equal to 13-19 % of body length. Each gonad
3.5-5.2 body diameters long. Ovaries not reaching to
vulva. Anterior gonad mostly on the left, posterior on
the right side of intestine. Mature egg not seen. No
spermatozoa in uterus. Distance between vulva and
anus 8-10 times as long as tail. Tail 95-11 0 ~m, 4.3
5.0 anal diameters long, 5-6 % of body lengrh;
conoid, almost straight, with rounded tip. 'Empty'
portion 20-26 ~m or 21-24 % of ta il length; shorter
(12-17 %) in juvenile animais. Anal muscles strongly
developed.

E

c

A

D

e-··. ; ",

: : .
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Boreolaimus norvegicus * sp. n.
(Figs 12A-Ej 13A-C)

Fig. 12. Boreolaimus norvegicus sp. n. A: Amerwr regionj
B: Gylindrus with nucleij C: Dorsal nucleusj D: Vulva in frontal
viewj E: Amerior female gonad. (Scale bars = 10 pm eachj
upper: A, G, middle: D, lower: B, E).

* Found only in Norway, hence its specifie name norvegicus.

DESCRIPTION

Females: Body extremely slender, 33-38 ~m wide at
mid-region. Cuticle thin, 1-1. 5 ~m thick on most of
the body, 2 ~m thick on anterior half of mil, half as
thick as spear at level of spear; smooth. Cephalic
region offset by depression, 16-1 7 ~m widej lips sepa
rate. Anterior labial papillae conoid, lateral papillae
rounded. Body at proximal end of oesophagus 2.2
2.3 times as wide as head. Amphids caliciform,
broader than ha If the body diameter at the same level.
Buccal cavity spacious and very long. Odontostyle 22
23 ~m, 1.3-1.4 labial diameter long, 18-21 % of
oesophageal length, straight. Aperture about as long

MEASUREMENTS

Hololype (female): L = 1.75 mm; a = 53; b = 3.8;
c= 17jV=46;c'=4.7.

Females (n = 6): L = 1.74-2.04 mm; a = 50-62;
b = 3.8-4.5; c = 16-21; V = 44- 48; c' = 4.3-5.0.
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Boreolaimus gen. n. from European ArClic

Table 1. Position (%) of oesophageal gland nuclei in species of the genus Boreolaimus n. gen.

B. borealis B. enckelli B. lapponicus B. arcticus B. septemtrionalis B. norvegicus
sp. n. n. comb. sp. n. sp. n. sp. n. sp. n.

D 57-60 60-62 58-60 60-62 58-59 59-61

AS[

AS 2 41-44 40-42 39-42 38-40 36-38 36-40

PSI 65-68 62-64 64-70 64-66 64-65 61-67

PS 2 66-69 63-66 66-71 66-67 65-66 63-67

TYPE ,ViATERIAL

Holotype: Female, slide No. 42/Sk-B. Paratypes:
five females and nine juveniles. Ali specimens are
deposited in the nematode collection of the Eotvos
Lorand University, Budapest, Hungary.

TYPE LOCALITY AND HABITAT

Lake Sagelvvam 50 km south of Tromso, Sagelva
river system, Provo Troms, Norway, north of the Arc
tic Circ!e, groundwater, August 1965; coll. PH.
Enckell (Fig. l, loc. 4).

DIAGNOSIS AND RELATIONSHIPS

The main characters are: body very slender and of
middle length, vulva not sc!erotized, vagina proxi
mally expanded, prerectum long, tail long with empty
portion measuring 114 of tail length.

Boreolaimus norvegicus sp. n. is the most slender
species of the genus, which makes it easily recogni
zable. Among the species with unsc!erotized vulva,
B. norvegicus resembles B. arcricus sp. n., as both have
medium-long tails; it can be distinguished from B.
arcricus by slender body, comparatively longer tail
(c' = 4.3-5.0 vs 3.1-3.5), and shorter "empty" part of
tail (114 vs 113 of tail length).

Key to the species of Boreo1aimus

1 - Vulval Iips conspicuously sc!erotized 2
- Vulval Iips not sc!erotized 3

2 - Tail 160-168 !-lm ventrally arcuate, with "saccate
bodies" in its cuticJe; c' about 5; L = 1.6
1.9 mm; a = 23-30; b = 3.7-3.8; c = 10-12;
V = 47-50; Sweden sepremrrionalis sp. n.

- Tail 60-74 llm, practically straight, with plain
cutic!e; c' = 2-2.5, L = 1.5-1.6 mm; a = 27-29;
b = 3.2-3.5; c = 22-26; V = 52-56; Sweden .....
... enckelli (Andrassy, 1967) n. comb.

3 - Body very slender (a = 50-62); c'= 4-5 anal dia
meters; L = 1.7-2.0 mm; a = 50-62; b = 3.8-
4.5; c = 16-21; V = 44-48; Norway .
............................................ norvegicus sp. n.

- Body not so slender (a:S; 45), c' = 1.8-3.5 4
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4 - Tail 80-110 ~lm; c' = 3-3.5; L = 1.5-1.8 mm;
a = 28-36, b = 3.6-3.9; c = 15-19; V = 44-51;
Norway arcricus sp. n.

- Tail 64-77 /lm; c' = 1.8-2.3 5
5 - Anal region with fine cuticular striationlpuncta

tion; ventral cutic!e of tail with blisters; L = 2.0
2.4 mm; a = 39-45; b = 3.8-4.3; c = 31-34; V =
53-55; Norway borealis sp. n.

- Anal region not srriated; ventral cutic!e of tail
without blisters; L = 1.7-2.2 mm; a = 35-42;
b = 3.6-4.1; c = 26-30; V = 52-58; Norway,
Sweden, Finland lapponicus sp. n.
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Summary - The female reproductive system of Xiphinema americanum differs from that of other Xiphinema species in several
respects. The ovary has branched oocytes surrounded by epithelial wall cells in which symbioric bacteria are embedded. The
oviduct has a long pars dilmata which is not c1early separated from the slender part; its wall is extensive1y folded and extendible.
The sphincter berween oviduct and uterus has a sinuous lumen and 'internai musculature'. The uterus is extremely short and
has a folded wall; the two uteri constitute together an extendible ovejector. Shortening of the uterus is considered tO be an
evolutionary trend in the X. americanum-group. © Ors tom/Elsevier, Pans

Résumé - Structure du système reproducteur femelle chez Xiphinerna americanurn (Nematoda: Longidoridae) 
Le système reproducteur femelle de Xiphinema americanum diffère en plusieurs points de celui des autres espèces de Xiphinema.
L'ovaire présente des oocytes ramifiés entourés d'une paroi de cellules épithéliales dans lesquelles SOnt incluses des bactéries
symbiotiques. L'oviducte prèsente une longue pars dzlataw non clairement distincte de la partie étroite et dont la paroi, très
repliée, est extensible. Le sphincter situé entre l'oviducte et l'utérus présente une lumière sinueuse et une "musculature interne".
L'utérus est très cOurt et sa paroi est également repliée; l'un et J'autre utérus forment ensemble un ovéjecteur extensible. Le
raccourcissement de l'utérus est considéré comme une tendance évolutive dans le groupe X. americanum. © Orstom/Elsevier,
Paris

Keywords: bacteria, nematode, reproductive system, symbionts, ultrastructure, Xiphinema americanum.

The general morphology of the female reproductive
system is illustrated in detail in descriptions of most
Xiphinema species, but not in descriptions of the spe
cies in the X. americanum-group.

Several ultrastructura1 studies on the female repro
ductive sysrem in Xiphinema have been published
(Bleve-Zacheo el al., 1976; Van de Velde et al., 1990a,
b; Coomans el al., 1992), but, aparr from a few details
on the structure of the sphinCter and the wall of the
ovary in X. pachlaicum (Bleve-Zacheo el al., 1976), no
information is available on the ulrrastructure of the
female reproductive system in species belonging ro the
X. americanum-group. In this paper we report on the
reproductive system of X. americanum Cobb, 1913.

Materials and methods

Light microscopy observa tions are based on
unstained specimens From various places in the USA,
including toporype specimens, mounted on perma
nent Cobb slides.

For TEM, soil samples were collected in the USA
by Drs RT. Robbins and]. Halbrendt and shipped ra
Ghenr. In the laboratory, the nematodes were
exrracted from the soil by the centrifugal-fJotation
method, using a non-toxic silica gel (Ludox AS, Du

Fundam. app!. NemalOl. 1164-5571/98/05/ :<;' OmomlElsevier, Paris

Pont de Nemours). Adult females were placed in an
ice bath for a few minutes ra relax. Then they were
killed and fixed in ice-cooled fixative composed of 1%
paraformaldehyde, 1.75% gluraraldehyde, and 1.5%
acrolein in 0.1 M sodium cacodylate buffer pH 7.2.
Afrer 30 min, the nemarades were transferred to the
fixative minus acrolein and were cut in pieces roughly
200-300 !Jm long, each piece containing one branch
of the genital system. Curting the specimens facilitares
penetration of the fixative. Then, the pieces were
incubared overnight in complete formula fixative at
4°C. Afrer approximately 15 h of fixation, they were
rinsed in 0.1 M sodium cacodylate buffer for 8 h.
Postfixation was in 2% osmium tetroxide in 0.2 M
sodium cacodylate buffer for 36 h and was followed by
an en bloc sraining of 1 h in 2% uranyl acetate. The
specimens were dehydrared in a graded ethanol series
and embedded in Spurr's resin.

Ultrathin sections were made on a Reicherr ultracut
S ultramicrorome and picked up on formvar-coated
coppel' slor grids. The sections were post-stained in a
LKB ultrostainer, for 30 min in uranyl acetate at 40°C
and 5 min in lead srain at 20°C. The sections were
examined with a Siemens Elmiscop lA and a Jeol
JEM 1010, both operating at 80 kY.
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Results

LIGHT MICROSCOPY (Fig. 1)

The female reproductive system of X. americanum
consists of rwo equally developed branches, lying
either on the same side of the intestine (left or right)
or on different sides. As in other species of the group,

20 lJm 30 lJm
'--_--'---_...JI 1'--_---'--_----'

A-O E,F

Fig. 1. Xiphinema american um. General morphology of fe
male reproduclive system. A -D: Variation in ovejecLOr; E-F:
W'hole system (A, B, F: specimens from Wisconsin; C: specimen
{rom ArlinglOn National Cemelery, lype 10caliLy; D, E: specimen
(rom Rhode Island).
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symbiotic bacteria are present around the germ cells.
The youngest germ cells (oogonia?) are clustered in
the apical region of the ovary; they are followed by a
single row of oocytes. The oviduct consists of a slen
der part, with 18-22 (n=4) nuclei, and a more
expanded part (pars dilalala oviducLUs) , with 16-20
(n=2) nuclei. However, the boundary between the
slender and expanded parts is difficult ta establish
under the light microscope. An obscure sphincter
separates the oviduct from the very short uterus. The
latter, combined with the uterus of the other branch
forms a short ovejectar, 30.1 (24-43) llm long (n=10).
The ovejectar is very extendible since it can harbour
an egg of roughly five times its resting length (egg size:
150-170 x 24-31 llm, n=5). The vagina has a wider
proximal part with obliquely striated curicle which is
surrounded by the vaginal sphincter, and a narrower
distal part to which the vulval dilatar muscles attach.
The vulva is a transverse slit.

TRANSMISSION ELECTRON MICROSCOPY

Ovary

The ovary of X. americanum consists of epithelial
wall ce lis and germ cells as in other Xiphinema
species, but, in addition, the ovary contains sym
biotic bacteria. The outer membrane of the ovary is
covered by a basal lamina, 60-80 nm thick. The cen
trai part of the ovary is occupied by a small number of
irregularly-shaped oocytes. Narrow branched exten
sions of the oocytes lie berween the bacteria (Fig. 2A).
The oocytes have an electron-dense cytaplasm due
to abundant ribosomes. The cytoplasm of the
oocytes a1so includes clusters of electron-transparent
mitochondria (Fig. 3), and, in sorne regions, elabo
rate configurations of rough endoplasmic reticulum
(Fig. 2B). Sorne cisternae are always found close ta
the cell surface. The large central nucleus (about
10 llm in diameter) has a moderately electron-dense
nucleoplasm, denser scattered chromatin, and a large
(3-7 llm) electron-dense round ta oval nucleolus.
Nucleoplasm-like material is present in the perinu
clear region as a narrow (Fig. 3) or wider zone. The
outer nuclear membrane is coated with ribosomes.
Adjacent oocytes may overlap one another over a
short distance (Fig. 3).

Near its apex, the ovary is mainly filled with bacteria
embedded in the epithelial wall cells. The nuclei of
the epithelial cells are irregular in shape and small
(5-7 x 3-5 llm), scattered, and few in number
throughour the ovary itself. These nuclei comain a
rather high amount of electron-dense chromatin,
partly clumped against the inner nuclear membrane
and partly in patches throughout the nucleoplasm.
The cytoplasm of the epithelial cells is difficult ta
observe because of its fragmentation berween the
enclosed bacteria. It is less electron-dense than the

Fundam. appl. NemalOl.



Female reproduczive system of Xiphinema americanum

Fig. 2. Xiphinema americanum. A: L.S. through the ovary, showing branched oocyte (arrow) and symbioms (arrowheads); B: C.S.
through an oocyte, showing RER, and ene/osed symbionlS; C: Larger magnification of the paracrystalline S-layer of a syrnbiorll (Scale
bar: A == 2 J.1m; B == 0.3 pm; C == 0.1 ,um. Abbreviations: c: paracrystalline S-layer, C.S.: cross section, i: imestine, L.S.: longitudinal
section, m: mitochondrium, n: nue/eolus, N: nucleus, 0: oocyte, ov: ovary, pdo: pars dilata ta oviductus, S: symbiont, sg: secrewry
granule).
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Fig. 3. Xiphinema americanum. C.s. lhrough ovarium and pars dilatata oviductus (Arrow: perinuclear nucleoplasm-hke nlmerial;
arrowheads: overlapping oocyr.es. Seale bar == l ,um. See Fig. 2 for abbreviatiom).
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Female reproducti've system of Xiphinema americanum

Fig. 4. Xiphinema americanum. A: C.S. Ihrough Ihe ovary, wùh cenIraloocYle surrounded by epiLhelial wall cells and symbionIs; B:
Membranes of adjacenI myoepiLhe/ial cells, separating symbionls and connecLing Ihe oUler wall of Ihe ovary wiLh the cenIral oocyte; C, D:
Dividing symbionIs (Arrows in A and B poinl LO plasmamembranes of adjacenI epiLhelial and myoepùhelial ceUs. Scale bars: A = 1 fim;
B = 0.3 pm; C) D = 0.5 ,um. See Fig. 2 for abbreviaLions).
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Fig. 5. Xiphinema americanum. A: C. S. lhrough avariai wall aboul halfway in lhe ovary (arrows pOLni LO myofilamems) j B: C. S.
Lhrough lhe slender pan of lhe avidUeL; C: C. S. lhrough ovarial wall close LO avariai sac (Scale bar: A = 0.21./.111; B, C = 0.3 /lm. See
Fig. 2 for abbreviaLiom).
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Female reproductive system of Xiphinema americanum

Fig. 6. Xiphinema americanum. A: L.s. through ovarial sac; B: C.s. lhrough wall of ovarial sac (Scale bars: A =2 fim; B =0.5 j1rn.
See Fig. 2 for abbreviations).

cytoplasm of the germ cell and contains scattered
small granular inclusions.

The symbionts have the features of Gramm negative
bacteria; they fill ail but the central part of the ovary.
Fine tissue strands and membranes running between
the germ cells and the ovarial surface subdivide the
bacterial mass in several sectors. These connections
most likely represem the plasma membranes of adja
cent epithelial cells which centrally join the plasma
membrane of the germ cells (Fig. 4A, B). The bacte
ria are closely packed and embedded inside the epi
thelial cells, but occasionally a few bacteria can be

Vol. 21, no. 5 - 1998

observed in close contact with or even encapsulated
inside an oocyte (Fig. 2B). An exceptional tangential
section (Fig. 2C) shows the S-Iayer of a bacterium,
arranged as a 2D hexagonal close packing of spheres.
Size and shape of the bacteria varies according to the
section; sorne can be observed dividing (Fig. 4C, D).

Occasion al myofilamems occur at the periphery of
the ovarium in a single or double layer (Fig. 5A), from
about halfway its length, becoming more numerous
and more regularly distributed wwards the ovarial sac
(Figs 4B; 5C), where the epitheliaJ wall cells become
myoepithelial cells. The myofilamems are mostly lon-
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Fig. 7. Xiphinema americanum. A: L.S. through slender part ofoviduct, showing tWO adjacent cellsj B: C.S. ofpars dilacaca oviduccus
(A rrows indicace irregular plasmamembranes. Scale bars: A =0.5 pmj B = 1 pm. See Fig. 2 for abbreviations).
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Female reproductive system ofXiphinema americanum

Fig. 8. Xiphinema americanum. SphinCler belween aviducl and Ulerus. A: L.S; B: C.S (Scale bars: A = 1 pm; B
Fig. 2 for abbrevialions).

Vol. 21, no. 5 - 1998

0.5 pm. See
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Fig. 9. Xiphinema americanum. A: MyofilamenLS of sphinccer; B: C.S. chrough uterus (Scale bars: A = 0.2 jlm; B = 0.5 jlm. See
Fig. 2 for abbreviacwns).
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gitudinally orientated in the ovarial wall, but become
variously arranged in the ovarial sac.

Ovarial sac

The ovarial sac is characterised by a highly folded cell
membrane of the epithelial wall cells, covered by a
125-145 nm thick basal lamina. Contrary to the ovarial
wall, the nuclei are closely packed (Fig. 6A). The myofil
aments are more numerous, mostly located underneath
the folds and variously directed (Fig. 6B). Clusters of
symbionts are embedded inside the myoepithelial cells,
though less nwnerous than in the ovary proper. This
makes it easier to observe the epithelial plasma mem
branes between them (Fig. 6B). When present, the grow
ing oocyte occupies a central position as in the ovary.

Oviduct

The narrow part of the oviduct is maximally 9.5 /lm
wide and composed of a string of cells withom any
apparent lumen between them. A 70-90 nm thick
basal lamina covers the outer surface. The adjacent
cell membranes are in close contact with each other
and have an irregular course (Fig. 7A). The cytaplasm
contains weil developed RER cisternae and globules
of variable size and variable density (Figs SB; 7A).
The nuclei are roundish (5.5-6.5 x 4-5.5 ~lm), with
clear nucleoplasm and electron-dense chromatin. The

Female reproducti've system ofXiphinema americanum

latter is mainly clumped against the inner nuclear
membrane, but also occurs in irregular patches in the
nucleoplasm. The nucleolus is about 2 Ilffi large and
eccentric in position (Fig. 7A).

The pars dilmata oviductus is not clearly separated
from the slender part, but its surface forms highly
folded extensions into the pseudocoelom. The cell
membranes of neighbouring cells are highly inter
twined, forming intricate patterns. Cytoplasm
includes rough as weil as smooth endoplasmic reticu
lum (Figs 3; 7B), fine electron-dense material (glyco
gen ?), and electron-dense irregular inclusions. The
nuclei are oblong, more or less flattened, 6.5-9.5 x
2.5-4 !-lm, located at the periphery, and sometimes
bulging out of the irregular contour. Although a cen
trai lumen is present, it is difficult ta observe due to
extreme folding of the whole pars dilmata. The latter is
greatly extended when the lumen contains an egg cell.

Myofilaments are absent throughom the oviduct.

Sphincter

The sphincter between oviduct and uterus consists
of 1) a highly folded inner lining surrounding a narrow
and multibranched lumen (Fig. SB); il) a muscular
wall comprising inner myofilaments that are mostly
longitudinally arranged and outer myofilaments that
are mostly circular and partly obliquely arranged

Fig. JO. Xiphinema americanum. A: c.s. through vagina (junction with ovejecwr on the right); B: Dewil of junaion of vagina
(above) with ovejecwr (below) (Scale bars: A =5 pmj B =0.5 pm. See Fig. 2 for abbreviations).
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(Fig. 9A); iù) several cell bodies that bulge into the
surrounding pseudocoelom (Fig. 8). The plasma
membrane is covered by a 100-125 nm thick basal
lamina. The cyraplasm is rather electron-translucent
except for the proximal part, adjacent tO the uterus,
where the nuclei are located (Fig. 8A). The central
parr (i + ù) is about 20 llm long and 10-14 llm in
diameter, but the diameter value increases ra 30 llm if
the bulging cell bodies (iù) are included.

Uterus

The short uterus (or ovejecrar, see below) has a
strongly folded inner lining and less folded outer wall,
but the folding is conspicuously less developed than in
the oviduct and the lumen can be more readily observed
(Fig. 9B). The wall musculature is weil developed and
myofilaments are variously directed, but with obliquely
transverse orientation predominant. The nuclei are
occurring centrally as weil as close ra the surface and
may bulge out of the contour; nuclei are oval ra irregular
in shape, 3.5-6 x 2-4 pm, and contain patches of elec
tron-dense chroma tin. The chromatin may be particu
larly abundant on the inner nuclear membrane. The
uterus is covered bya 100 nm thick basal lamina.

vagina and vulva

The vagina has a cross-shaped lumen with elec
tron-dense lining (Fig. 1OA). Its cuticular wall con
tains many electron-dense fibres, running between
inner and outer surface and forming irregular pat
terns. Proximally, the longitudinal arms of the cross
open inra the lumen of the ovejecrar. At this junction,
each arm is surrounded by tWO pairs of cells with
prominent nuclei. The pair closest ra the lining con
tains electron-dense material arranged as a strand
(Fig. lOB). Distally the longitudinal arms disappear
while the transverse ones become the vulva. The cuti
cle becomes more dense and transverse oval in shape
and merges with the body cuticle at the vulva opening
which is a transverse slit.

Discussion

Bleve-Zacheo el al. (1976) described the ultras truc
ture of the female reproductive system in Xiphinema
index and X. pachzaicum (= X. medùerraneum ). ln the
light of the present observations on X. americanum, it
is a pitYthat these authors gave a single description for
both species, because "no fundamental differences
have been observed between the structure of the
gonads in the tWO species ... ". Fortunately, the species
included in the plates were clearly identified.

The structure of the ovary and gonoduct described
above for X. americanum markedly differs from the
pattern that occurs in Xiphinema species outside of
the X. americanum-group (Bleve-Zacheo el al., 1976;
Van de Velde & Coomans, 1988; Van de Velde el al.,
1990a, bi Coomans el al., 1992).
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The differences in the ovary are the most obvious
and related tO the presence of symbiotic Gramm
negative bacteria inside the very thick wall. Although
these symbionts can be readily observed under the
light microscope, their exact location inside the ovary
can be assessed only with TEM. They appear tO be
embedded inside the epithelial wall cells and, rarely,
also in the oocytes. More information about these bac
teria will be published elsewhere. The small granular
inclusions in the epithelial cells are probably glycogen.

The slender part of the oviduct resembles that
described for other Xiphinema species, except that it is
narrower and comprises a lesser number of cells and
larger nuclei. The weil developed rough endoplasmic
reticulum and the presence of globules demonstrates
the secretory nature of these cells. On the other hand,
the pars dilazaza oviduGluS differs in several respeCts: it
is comparatively longer, not clearly separated from the
slender part, and it has an extensively folded wall.

The sphincter muscle berween oviduct and uterus
appears ra be embedded into the surrounding ceil
bodies. This explains why it is difficult ra observe the
sphincter under the light microscope. The muscula
ture and the sinuous lumen agree with those described
for X. pachzaicum by Bleve-Zacheo el al. (1976).

The uterus is extremely short and in fact both uteri
together constitute the muscular ovejecrar. Its outer
wall is more folded than in species outside of the
X. americanum-group, which is understandable in
view of the considerable expansion needed ra harbour
a large size egg. Personal unpublished observations on
other species indicate that the shortening of the uterus
is an evolutionary trend in the X. americanum-group.
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Summary - This article presents me results of surveys conducted in Guyane and Martinique during 1994/1995. Seven species
of Xiphinema eX. amencanum sensu lalO, X. basiri, X. c!avicaudalllm, X. costaricense, X. filicaudalUm labralUm, X. tongicaudalUm,
and X. OIyzae) are briefly described and illustrated. X. basiri and X. longicaudalUm are described for me first time from South
America. Three new Xiphinema species are described: Xiphinema labiosum n. sp. is characterised by peri-oral ring, small, cres
cent-shaped amphid aperture, lip region almost continuo us with body outline, and weakly curved to almost straight habitus.
Xiphinema pseudokrugi n. sp. is characterised by incomplete anterior reproductive branch, vulva situated almost at mid-body,
slight cuticular ornamentations anterior and posterior of vulva, and a convex-conoid tail wim a rounded or slightly bulging
terminus. Xiphinema seinhorsti n. sp. is characterised by long, offset, caudal, finger-like projection on me ventral side of me tail,
presence of a blind canal at me tail terminus, long odontostyle, and uterus wim Z-differentiation consisting of a small number
of granular bodies. © OrstomlElsevier, Paris

Résumé - Le genre Xiphinema (Nematoda: Longidoridae) en Guyane et Martinique - Cet article présente les résultats
de prospections conduites en 1994/1995 en Guyane et Martinique. Sept espèces de Xiphinema ex. americanum sensu law,
X. basiri, X. c!avicaudalUm, X. costaricense, X. ftlicaudallim labratum, X. longicaudatum, et X. oryzae) sont brièvement dècrites et
illustrées. X. basiri et X. longicaudallim sont signalés pour la première fois en Amèrique du Sud. Trois nouvelles espèces de Xiphi
nema SOnt décrites: Xiphinema labiosum n. sp. est caractérisé par un anneau péri-oral, des ouvertures amphidiales petites en forme
de croissant, la région labiale pratiquement continue avec le contour du corps et l'habitus de légérement incurvé à pratiquement
droit. Xiphinema pseudokrugi n. sp. peut être caractérisé par la branche génitale antérieure incomplète, la vulve située à mi-corps,
de légères ornementations cuticwaires en avant et en arrière de la vulve et la queue de forme convexe-conoïde avec une partie
terminale arrondie ou légèrement renflée. Xiphinema seinhorsti n. sp. est caractérisé par une projection caudale longue, en forme
de doigt, séparée du reste de la queue et située sur la face ventrale de celle-ci avec présence d'un canal aveugle, un long odon
tostyle et l'utérus avec une différentiation Z constituée d'un petit nombre de corps granuleux. eç OrstomlElsevier, Paris

Keywords: Guyane, Martinique, nematodes, Xiphinema.

Seventeen species of the genus Xiphinema found
during surveys made in 1994/1995 by the second
author in Guyane and Martinique are listed below.
The species marked by an asterisk have already been
described in the paper by Luc and Coomans (1992)
on the genus Xiphinema in Martinique and Guyane.
As there are no major morphological differences
between the populations described by Luc and
Coomans (1992) and the corresponding populations
of the present study, these species will not be
described again in the present paper. The numbers
given after the names of the various species are those
of loca1ities (see below) in Martinique and French
Guyane where each species was found during the
present survey.

X. americanum sensu talO: Guyane (14), Martinique
(2)

X. basiri Siddiqi, 1959: Martinique (2)
* X. brasiliense Lordello, 1951: Guyane (6)

Fundam. appl. NemalOl. 1164-5571/98/05/ cl' OrslOmlElsevier, Paris

X. clavicaudaLUm Huang, Uesugi & Raski, 1987:
Guyane (la)

x. coswrianse Lamberti & Tarjan, 1974: Guyane
(13,17)

* X. ensiculzferum (Cobb, 1893) Thome, 1937:
Guyane (12)

X. filicaudalum tabralum Luc & Coomans, 1992:
Guyane (3, 7, la, 16)

* X. krugi Lordello, 1955: Martinique (1)
X. tabiosum sp. n.: Guyane (16)
X. tongicaudawin Luc, 1961: Guyane (12)
* X. macroslylum Esser, 1966: Guyane (6)
X. oryzae Bos & Loof, 1985: Guyane (3, 7, Il)
* X. paritaliae Loof & Sharma, 1979: Guyane (9)
X. pseudokrugi sp. n.: Guyane (8, la)
x. seinhorsli sp. n.: Guyana (4, 5, 7, la)
* X. sewriae Luc, 1958: Guyane (5, la)
* X. surinamense Loof & Maas, 1972: Guyane (9,

13,15,16,17)
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Materials and methods

Specimens were extracted from soil using the elutri
ation technique (Seinhorst, 1962), killed in water by
graduai application of heat, fixed in TAF, and
mounted in anhydrous glycerine berween coverslip
slides using the slow method of Hooper and Evans
(1993). Measurements and drawings were made using
a Nikon Labophot-2 research microscope equipped
with a drawing tube. When necessary, the body dia
meter was corrected for flattening according to the
formula d = '/z(h + v), as given by Geraert (1961).

The following localities were sampled:
- Martinique:
1. Rhizosphere of fems, Rocher du Diamant
2. Rhizosphere of omamental plants, Didier

- Guyane:
3. Rhizosphere of Dicorynia guianensis Amshoff,

Station P6, Paracou
4. Rhizosphere of Dicorynia guianensis Amshoff,

Botanical Track (Sample 1), Paracou
5. Rhizosphere of Eperua grandiflora (Aubl.)

Bentham, Station P13, Paracou
6. Rhizosphere of Eperua grandiflora (Aubl.)

Bentham, Station P6, Paracou
7. Rhizosphere of ASlrocaryum sciophilum (Miguel)

Pulle, Saut Brodel
8. Rhizosphere of Marantaceae, Saut Brodel
9. Rhizosphere of fems, Rivière Comté
10. Rhizosphere of Dicorynia guianensis Amshoff,

Botanical Track (Sample 2), Paracou
II. Rhizosphere of Edingera eliaLOr Gack.) RM.

Smith, Cacao
12. Rhizosphere of Dicorynia guianensis Amshoff,

Saül, Bois Diable
13. Rhizosphere of Dicorynia guianensis Amshoff,

Saül, Noubel
14. Rhizosphere of Aspidosperma sp. Martius &

2uccarini, Saül, Mont de Boeuf Mort
15. Rhizosphere of Dicorynia guianensis Amshoff,

Saül, Mont de Boeuf Mort
16. Rhizosphere of Dicorynia guianensis Amshoff,

Saül, Cascade Sauveur
17. Rhizosphere of Dicorynia guianensis Amshoff,

Saül, Mont Galboa.
In the text of the article, 10calities are designated by

their number (1-17) in the list above.

Xiphinema americanum sensu lato
(Fig. 1)

MEASUREMENTS

Female: See Table 1.

DESCRIPTION

Female: Habitus spiral-shaped. Lip region 4-5 ).Lm

high, rounded, separated from rest of body by a shal-
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Table 1. Morphomelrics offemales ofXiphinema amerieanum
s. 1. (al! measuremenlS in pm excepl L in mm).

Loea1iry Guyane 14 Martinique 2

n 7 1
L 1.7 ± 0.1 2.2

(1.5-1.8)
a 37.3 ± 1.9 54.9

(34.2-39.7)
b 6.2 ± 0.7 6.9

(4.8-6.9)
e 57.6 ± 5.9 66.6

(49.1-64.8)
e' 1.3 ± 0.1 1.3

(1.1-1.4)
V 52.5 ± 0.8 52

(52-54)
Tail 29.4 ± 2 33

(27-33)
Lip reg. diam. 10.4 ± 1 10.5

(9.5-11.5)
Odontosryle 88.8 ± 2.4 94.5

(86-92.5)
Odontophore 54.1 ± 1.3 54.5

(51.5-55.5)
Stylet 143 ± 3 149

(138-147.5)
Guid. ring 76.3 ± 2.7 80.5

(74.5-80)
Nerve ring 150.6 ± 10.8 144

(134-160)
Hemizonid 138.6 ± 9.7 159

(120-148.5)
h 9.5 ± 1.3 10

(7.5-11)
h% 32.3 ± 5.1 30

(26-38)

low depression. Amphid apertures 6-8 l1m wide, occu
pying about 66 % of Iip region width, 4-5 l1m from
anterior end. Body pores difficult [0 see; distribution
in neck region appearing as (n = 4): nine to twelve
laterally, nine to rwelve ventrally, six to nine dorsally.
Vestigium seen in one specimen, about 4 ~lm long.
Basal flanges 9-11 ).Lill wide. Cuticle 2.5-3 l1m wide at
mid-body, 5-6 ).Lm on dorsal side of tail. Body diame
ter at cardia 35-38 ).Lm, at mid-body 40-48 ).Lm, at
anus 21-27 l1m, and at the beginning of the hyaline
part of tail, 11-14 flm. Reproductive system amphidel
phic, with both branches equally developed. Each
branch composed of ovary, oviduct, obscure sphinc
ter, and short uterus (35-40 ).Lm long). Tai] conoid,
dorsally convex with rounded to slightly subdigitate
terminus; two caudal pores. Rectum 18-23 l1m long.

Male: Not found.

Funda.m. appl. Nema.lOl.
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Fig. 1. A -]: Xiphinema americanum sensu lato, A - G: Guyane population. A: Emirefemale; B: Anrerior body region; C - F: Tails
offemales; G: Habitus; H-], Single fema/e from Martinique. H: Amerior body region; 1: Tail; ]: Habitus. (Scale bars = 50 ~m.)

Vol. 21, no. 5 - 1998 583



A. Swan & P. Quénéhervé

REMARKS

According to the dichotamous key for the identifica
tion of species of the X. americanum-group (Lamberti
& Carone, 1992), the specimens from Guyane belong
to X. incognitum Lamberti & Bleve-Zacheo, 1979. To
help with the identification of this difficult group,
Lamberti and Ciancio (1993) subdivided it into five
subgroups according ta a combination of body length,
position ofvulva, and odontostyle length. According ta
this classification, the specimens from Guyane are
closer ta the X. brevicollum-subgroup (long odonto
style, relatively posterior position of vulva, and
relatively short body) than ta the X. americanum
subgroup to which X. incognitum belongs. Therefore,
untiJ more specimens can be obtained for measure
ment, we decided to regard this population as X. amer
icanum sensu la ta. The Guyane specimens differ from
the type population of X. incognitum in lower a-value
(34.2-39.7 vs 41-49) and slightly subdigitate tail ter
minus in sorne specimens (not so in the type popula
tion of X. incognitum). In shape of ta il terminus, the
Guyane specimens resemble X. floridae Lamberti &
Bleve-Zacheo, 1979 and X. peruvianum Lamberti &
Bleve-Zacheo, 1979. However, they differ from X. flor
idae in smaller lip region (9.5-11.5 vs 11.5-13.5 /lm
wide), lower a-value (34.2-39.7 vs 41-48 ), outline of
anterior part of body (lip region separated from rest of
body by shallow depression vs lip region separated
from rest of body by an incisure), and tail shape
(conoid with rounded ta subdigitate terminus vs
cuneiform tail). They differ from X. peruvianum in
lower a-value (45-56 in X. peruvianum), longer
odontophore (51.5-55.5 vs 46-52 /lm), slightly lower
c'-value (1.1-1.4 vs 1.4-1.9), and slightly different tail
shape (conoid with rounded to slightly subdigitate ter
minus vs conoid elongated with subdigitate terminus).

The single female from Martinique is quite similar
ta the Guyane females but differs from them in body
length (2.2 vs 1.5-1.8 mm), higher a-value (54 in
female from Martinique), and clearly offset, almost
bunon-like lip region. As it is virtually impossible ta
determine the species of a single female in the
X. americanum-group, this specimen is also regarded,
for the time being, as X. amen'canum sensu lata.

Xiphinema basir(Siddiqi, 1959
(Fig. 2)

MEASUREMENTS

Female: See Table 2.

DESCRIPTION

Female: Habitus hook-shaped, more curved in pos
terior part. Lip region 6 /lm high, rounded, slightly
offset. Amphid apertures 8-8.5 flm wide, occupying
about 70 % of lip region width, 4.5 /lm from anterior
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Table 2. Morphomelrics of females of Xiphinema basiri (al!
measuremenlS in j.1.m excepl L in mm).

Locality Martinique 2

n 2

L 3, 3.1

a 59.3,55.5

b 7.5,8.6

c 69,70

c' 1.3, 1.3

V 51, 52

Tail 43,45

Lip reg. diam. 12.5, 12.5

Odontostyle 119,120

Odontophore 67.5,68.5

Stylet 186.5, 188.5

Guid. ring 111.5, 107

Nerve ring 209, 175.5

Hemizonid 180,-

h 19,21.5

h% 44,48

end. Body pores conspicuous; distribution in neck
region: thirteen to fifteen laterally, eleven ventrally,
four dorsally. Vestigium (n = 1) 3.5 flm long. Basal
flanges 11-12 flm wide. Cuticle 3.5 /lm wide at mid
body, 9 /lm on dorsal side of tail, transversely striated
at both extremities of body. Reproductive system with
both branches equally and fully developed. Each
branch consisting of ovary 65-87 flm long, oviduct 60
85 /lm long, pars dilalUla oviduClus 24-38 /lm long,
sphincter, pars dilalala uleri 30-40 /lm long, and long
thin convoluted uterus, 160-165 /lm long with Z dif
ferentiation occupying about 8 /lm of the uterus near
pars dilalala llleri. Ovejector about 50 flm long; vagina
occupying about one haIf of corresponding body
width. Z-differentiation consisting of three ta four
globular inclusions. No sperm cells observed in any
part of reproductive system. Prerectum distinct, occu
pying 11.5-11.8 % of body length, about 10.5 times
corresponding body diameter. Rectum about one anal
body diameter in length. Tail short, conical, distinctly
digitate.

Male: Not found.

REMARKS

The two females from Martinique (Loc. 2) agree
morphologically and morphometrically in every
respect with the descriptions of the type and other
populations. This is the first report of X. basin' from
Martinique. This species was known previously from

Fundam. appl. Nemalol.
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Fig. 2. Xiphinema basiri Siddiqi, 1959. A: Aruerior body region; B: Encire female; C: Female tail; D: Poscerior branch of reproductive
syscem; E: Habitus. (Scale bars = 50 f.lm.)
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India (Siddiqi, 1959; Bajaj & ]airajpuri, 1979; Sharma
& Saxena, 1981; ]aved, 1983), Sudan (Loof & Yassin,
1971; Zeidan & Coomans, 1991), Nigeria, Sri Lanka,
Mexico, and Zimbabwe (Cohn & Sher, 1972).

Xiphinerna clavicaudaturn Huang,
Uesugi & Raski, 1987

(Fig. 3)

MEASUREMENTS

Female: See Table 3.

DESCRIPTION:

Female: Habitus moderately curved to ]-shaped,
more curved in posterior third. Lip region rounded,
about 7-9 /lm high, very slightly offset from rest of
body. Amphid aperture 6-8 /lm wide, occupying about
45 % of body width. Body pore distribution in neck
region: eleven to fourteen laterally, ten to twelve ven
trally, five dorsally. Vestigium 2 /lm long. Basal flanges
14-15 /lm wide. Reproductive system with fully devel
oped posterior branch and shorter, reduced anterior
branch. Anterior reproductive branch consisting of

'- -', B - D,G

'-- ~I A, E

Fig. 3. Xiphinema clavicaudatum Huang, Uesugi & Raski, 1987., A: Anterior body region; B: Lip region, laierai view; C, D: Tail
regwn offemales; E: Reproductive system; F: Habitus; G. Vu/val regum. (Scale bars = 50 J1m.)
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Table 3. Morphometrics of females of Xiphinema clavicauda
tum (al! measuremems in f.lm except L in mm).

Locality Guyane 10

n 5
L 2.2 ± 0.1

(2.1-2.3)
a 47.5 ± 3.5

(43.1-52)
b 5 ± 0.4

(4.7-5.6)
c 22.8 ± 1

(21.7-24.2)
c' 3.6 ± 0.2

(3.3-3.8)
V 41.8 ± 1.6

(40-44)
Tai! 95.9 ± 3.4

(92.5-99.5)
Lip reg. diam. 13.9 ± 1

(13-15)
Odontostyle 136.5 ± 2.1

(135-140)
Odomophore 84.6 ± 1.7

(82-86)
Stylet 221.1 ± 3.4

(217-226)
Guid. ring 127.4 ± 2.1

(125-130)
Nerve ring 246.7 ± 21.7

(210-266)
Hemizonid 195.4 ± 7.6

(188-205)
h 65.3 ± 3.6

(62-69.5)
h% 68 ± 3.4

(63.3-72)

fully developed uterus with pars dilatata Uleri, sphinc
ter, pars dilatata oviduclUS, short part of the slender
oviduct, and a small cell mass representing the ovary.
No sperm cells observed in any part of the reproduc
tive system. Ovejector symmetrical, blind extensions
apparently present on both side of the ovejector in one
specimen, in others inconspicuous. No Z-differentia
tion or uterine spines observed. Prerectum conspicu
ous, 475-620 !lm long, occupying about 25 % of body
length. Rectum 30-35!J.ffi long. Tail slightly curved
ventrad with hyaline portion straight. Tail terminus
clavate. Two pairs of caudal pores present; one pair
situated subdorsally, almost at level of anal opening;
second pair laterally, a short distance posteriad from
first pair.

Male: Not found.

Vol. 21, no. 5 - 1998
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REMARKS

The population from Guyane (Loc. 10) agrees with
the original description of X. clavicaudatum in clavate
tail terminus, c-value, c'-value, pseudomonodelphic
reproductive system and V-value, absence of Z-diffe
rentiation and uterine spines, and rounded lip region,
almost continuous with body outline. However, this
population differs from the type population in a few
characters: shorter body length (2.1-2.3 vs 2.96
4.42 mm), shorter tail (92.5-99.5 vs 124-248 !lm),
longer hyaline terminal part (63-72 vs 41-53 % oftail
length), slightly shorter odontostyle (135-140 vs 140
186 !lm), and degree of reduction of the anterior
reproductive branch (part of oviduct still intact, ovary
reduced to a small mass of cells vs absence of both
ovary and slender part of oviduct, pars dilmata oviduc
LUS reduced to a mass of cells). However, there are
more similarities than differences between the Guyane
specimens and the type specimens and, at least for the
moment, we decided to consider the two populations
as conspecific. X. clavicaudaLUm seems to be native to
South America: it was described from natural vegeta
tion in Brazil (Huang el al., 1987), collected again in
the Brazilian Amazonia (Germani, 1989), and it is
now found in Guyane, also on natural vegetation.

Xiphinema costaricense
Lamberti & Tarjan, 1974

(Fig. 4)

MEASUREMENTS

Female: See Table 4.

DESCRIPTION

Female: Habitus weakly to moderately curved ven
trally. Lip region 6-7 !lm high, slightly offset from rest
of body. Ali specimens were flattened to various
degrees, this possibly affecting the lip region shape
and width. Amphid apertures 7-9 !lm wide, at 6-7 !J.ffi
from anterior end, occupying about 52 % of the lip
region width. Body pores conspicuous; distribution in
neck region: twelve ta thirteen laterally, nine to ten
ventrally, three dorsally. Vestigium small, 1.5 !lm long,
difficult to see. Basal flanges 17.5-20.5 !lm wide.
Reproductive system with anterior genital branch
reduced and incomplete: ovary absent, oviduct
reduced to a mass of cells (23-29 !lm long), sphincter,
pars dilatata uteri (48-55 !lm long), and uterus (63
78 !lm long) recognisable but reduced. Posterior geni
tal branch complete with ovary 73-83 l-!m long, convo
luted oviduct 40-48 !lm long, pars dilmata OVidUClUS

37-43!J.ffi long, sphincter and uterus with pars dilmata
Uleri 28-33 !lm long, and uterus without Z-differentia
tion and with tubular part 138-175 !lm long. Ovejec
tor 48-60 !lm long. In a few females, an accumulation
of small rounded cells, reminiscent of sperm cells,
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Table 4. Morphometrus of Xiphinema costaricense (ail
measurements in pm except L in mm).

Locality Guyane 13 Guyane 17

FemaJe Female }4

n 2 8 1
L 2.6,2.8 2.4 ± 0.1 2.1

(2.2-2.8)
a 53.6,53.1 48.3 ± 3.5 45

(41.3-52.6)
b 4.8,6 5.3 ± 0.6 2.7

(4.6-6.3)
c 81.1,88.3 77.9 ± 8.8 58.6

(63.2-88.7)
c' 0.7,0.6 0.7 ± 0.1 0.74

(0.6-0.8)
V 47,46 45.1 ± 0.9

(44-46.4)
Tail 31.5,31.5 31 ± 3.8 35

(27-37)
Lip reg. diam. 18, 18.5 15.5 ± 1.1 15

(14-17)
Odontostyle 151, 147 144.6 ± 5.4 132

(140-153.5)
Repl. od.style 149
Odontophore 86.5,95 86.8 ± 2 82

(85-90)
Stylet 237.5,242 231.3 ± 7.2 214

(225.5-242)
Guid. ring 148, 146 136.8 ± 4.5 127

(133-147)
Nerve ring 241, 266 252.9 ± 7.5 227

(247-264.5)
Hemizonid 226,- 214.1 ± 5.1

(207-224)
h 11, 10.5 9.3 ± 0.8 10.5

(7.5-10)
h% 35,33 30.4 ± 4.7 30

(20-34)

present at the distal end of the posterior genital tract
where the gonad reflexes (this may point to herma
phroditism in this species, but this needs confirma
tion). Tail tapering to broadly rounded terminus with
main curvature on the dorsal outline. In sorne severely
flattened specimens, the tail appearing almost hemi
spherical. Blind terminal canal absent. Two pairs of
caudal pores clearly seen on tail, posterior to anal
opening; one pair located laterally near tail terminus
and one pair located almost at level of anal opening in
a sublateral position.

Male: Not found.
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Juvenile. General appearance as in female. Genital
primordium 52.5 x 32 ~lm

REMARKS

The Guyane population (Loc. 13 and 17) resembles
the type population both morphologically and mor
phometrically, except for the vulva located more pos
teriorly than in the type population (44-47 vs 36.6
37.5 %). However, it is very close to a population
from Ilha Carreiro, Brazilian Amazonia, where the
V-value is given as 43.1-45.8 % for eleven females
(Germani, 1989).

Xiphinema filicaudaturn labraturn
Luc & Coornans, 1992

(Fig. 5)

MEASUREMENTS

Female and males: See Table 5.
Juveniles: See Table 6.

DESCRIPTION

Male (n = 1): Habitus J-shaped. Lip region conti
nuous with body outline, without peri-oral ring.
Amphid opening short, crescent-shaped 4 um long
7.5 llm from anterior end. Body pores ~on~picuous;
distribution in neck region: thirteen situated laterally,
seven dorsally, and about fourteen ventrally. Vesti
glum small, 1.5 llm long. Spicules dorylaimoid, 71 llm
long, border of spicular pouch prominent. Lateral
guiding pieces 16.5 llm long, each with a distinct knob
at distal end. One adanal pair and five supplements
present, spaced 38-48 llm, the posterior one situated
3.8 anal body diameters from anus.

REMARKS

X. filicaudaLUm labraLum was originally described
from five females found in the rhizosphere of fems
and Marantaceae near Cayenne, Guyane (Luc &
Coomans, 1992). This subspecies differs from X. fili
caudaLUm filicaudaLUm Loof & Maas, 1972 mainly in
presence of a peri-oral ring, different L and V values,
and absence of males. In the present survey, a single
male and several females and juveniles were found in
four localities in Guyane (3,7, la, 16).

Ali females agree weil morphologically and morpho
metrically with those of the type population. Juveniles
are morphologically close to the females except for
shorter bodies, shorter stylets, and under-developed
gonads. The genital primordiums of the JI, J2, J3, and
J4 are 28, 34, 33-39, and 48-58 llm long, respectively.
N oteworthy is the fact that sorne juveniles, particu
larly sorne JI, J2 and J3 specimens have no or slightly
developed peri-oral ring. The single male has no peri
oral ring and is on average longer than the females.

Fundam. appl. NemalOl.
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'-----_-...J,A - C

L---__--J,F - H

Fig. 4. Xiphinema costaricense Lamberci & Tarjan, J974. A: Ancerior body regÙJn; B, C: Female reproduccive syscem; D: Habicus;
E: Encire female; F: Tail of severery flaccened female; G: Tait of moderacery flaccened female; H: Tail ofJ4. (Scale bars = 50 pm.).
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Fig. 5. Xiphinema filicaudatum Jabratum Lw:: & Coomans, 1992. A: Amen'or body region of male; B: Amen'or region of male, sub
tateral view; c: Posterior region of male; D: Habitus of male; E: Tails of Juvenile stages; F: Cloacal region showing border of spicular
pouch (arrowhead); G: Anterior region ofJ 1; H: Lip region ofJ4 showing weil developed peri-oral ring (arrowhead). (Scale bars: D =
100 pm; ochers =50 pm).
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Table 5. Morphomelrics offemales and male ofXiphinema filicaudarum labratum (ail measuremerus in Ilm excepl L in mm).

Locality

n
L

a

b

c

c'

vrr

Tail

Lip reg. diam.

Odontostyle

Odontaphore

Stylet

Guid. ring

Nerve ring

Hemizonid

h

h%

Guyane 3 Guyane 7 Guyane 10 Guyane 16

Female Female Male Female Female

1 5 1 5 2
3.8 3.7 ± 0.1 4.1 3.6 ± 0.2 3.5,3.9

(3.5-3.8) (3.2-3.8)
50.7 56.4 ± 3.8 55.7 47.4 ± 1.2 49.6,49.7

(52.3-61.5) (45.8-48.9)
6.2 6.4 ± 0.4 7.4 6.6 ± 0.5 6.4, 6.4

(5.9-6.8) (6.2-7.4)
6.9 9.8 ± 1.2 9.8 8.3 ± 1.6 7.2,7.9

(8.9-11.6) (6.4-10.4)
13.7 9.6 ± 1.4 9.7 11.9 ± 2.9 10.9, 14.3

(8.1-11.1) (9.3-16.2)
43 41.9 ± 1.3 37 42.4 ± 2.3 40.3,40

(40.9-44) (39.4-44.8)
548 381.2 ± 36.9 413 444.2 ± 81.9 490, 500

(323-413) (348-543)
16.5 15 ± 1.3 15 16.6 ± 0.7 16, 15.5

(14-17) (16-17.5)
194 189.6 ± 3.3 176 188.9 ± 4.1 179,179.5

(186-195) (184.5-193.5)
124 119.6 ± 4.3 III 118.8±11.8 125, 125

(114.5-125) (101-130)
318 309.2 ± 6.7 287 307.7 ± 15.1 304,304.5

(303-320) (288-323)
186 185.6 ± 1.9 172 186.3 ± 8.7 169, 174

(183-187.5) (175.5-199)
342 341.3 ± 3.4 316.5 338 ± 10.6 300,338

(338-346) (320-348)
267 256.9 ± 16.2 234.5 264.1 ± 5.8 257, 261.5

(242-280) (258-270)
22 45.5 ± 7.2 46 16.5 ± 3.2 41.5,70

(35-55) (12.5-20)
10 12.3±2.8 lU lU ± 3.8 8.5, 14

(9.4-16.9) (7.7-15.5)

However, its smail crescent-shaped amphid aperture
and lip region continuous with body outline points ta
X. filicaudalum labralum. No sperm was observed in
females. In body Iength this male is near X. filicauda
lum filicaudalurn but the peculiar guiding pieces of the
male of X. filicaudawrn labrawm were not mentioned
in males of X. filicaudalUm filicaudalUm. The odonto
style is also shorter (287 vs 308-321 /lm).

Xiphinerna labiosurn* D. sp.
(Figs 6, 7A-C)

MEASUREMENTS

Female: See Table 7.

* The species name labiosum refers ta the prominent peri
oral ring.

Vol. 21, no. 5 - 1998

DESCRIPTION

Female: Habitus weakly curved ta nearly straight.
Lip region with peri-oral ring, continuous with body
outline. Peri-oral ring 7-7.5 /lm wide, 2-4 /lm high.
Amphid aperture short, crescent-shaped, 3.5-4 /lm
wide, 9-10.5 /lm from anterior end. Body pores incon
spicuous; approximate distribution in neck region:
sixteen laterally, eight dorsally, and ten ventrally. Ves
tigium 2-2.5 /lm long. Basal flanges 18-22 !lm wide.
Cuticle 2.5-3.5 !lm wide at mid-body, 11-13/lm at ta il
terminus. Reproductive system with anterior genital
branch reduced and incomplete: ovary absent, ovi
duct reduced to a mass of cells (15-45 /lm long),
sphincter, pars dilmata uleri (65-113 !lm long), and
muscular uterus (50-93 /lm long) reduced in length
compared ta that of posterior branch. Posterior geni-
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Table 6. Morphomelrics of}uveniles ofXiphinema filicaudarum labrarum (ail measuremems in pm excepl L in mm).

Locality Guyane 3 Guyane 7 Guyane 10 Guyane 16

J2 J3 J4 JI J2 J3 J4 J4 J4

35,37 44

13, 10.8 9.8

5.9 7.5,6.7 6.1

4.3 4.5,4.9 4.5

4
2.8 i 0.1

(2.7-3)
51.4 i 2

(49.5-53.8)
5.1 i 0.4
(4.7-5.6)
7.1 i 0.2
(6.7-7.2)

11.3 i 0.6
(10.7-11.9)
398.3 i 23
(368-418)
14.5 i 0.4

(14-15)
160.5 i 2.7
(157.5-164)
180.5 i 2.1
(178-183)

106.1 i4.6
(101.5-111)
266.6 i 5.4
(259-271.5)
150.1 i 6.4
(141.5-157)
274.3 i 21.2

(246-291)
224.8 i 7.1
(217-231)
63.8 i 4.8

(59-70)
16.2 i 1.6

(14.2-17.8)

15

12

1
2.9

16

9.1

5.1

8.4

195

242

172

279

107

162

316

52.3

7 6
2.3 i 0.1 2.8 i 0.3

(2-2.4) (2.4-3.2)
49 i 3.4 52.6 i 11.4

(43.4-54.2) (35.3-64.6)
4.9i0.4 5.1iO.8
(4.6-5.8) (4-5.8)
7.1 i 0.8 7.7 ± 1.7
(6.2-8.2) (7.8-9)

10.6 ± 2.4 9.4 ± 0.8
(7.4-14.3) (8.6-10.6)

329.5 ± 41.2 374 ± 65.7
(295-388) (328-490)
11.5 ± 0.9 13.6 ± 0.4
(10.5-13) (13-14)
127.4 ± (} 165.6 ± 3.1
(121-136) (161-168)
158±5 188.8±2.5

(150.5-171) (187-193)
86.2 ± 3 106 ± 4.5
(82-90) (102-113)

213.5 ± 7.6 271.6 ± 6.5
(204.5-245) (264-281)
123.4 ± 6.1 161.3 ± 3.4
(114.5-130) (157-164)

243.1 ± 10.6 290.4 ±21.7
(225-252.5) (260.5-312.5)
203.8 ±12.6 236.9 ± 9.4
(168- 223) (228.5-246)
35.6 ± 6.4 40.4 ± 10.3
(29.5-44) (26-51.5)
Il ± 2.2 13.4 ± 3.5
(8.2-14) (8.6-16)

13,35

96,96

91,89

67,69

3.9,-

5.3,6.3

9.5,9.5

2

1.4, 1.8

12.3, 12

204, 196

45,48.9

163, 165

270,285

149, 152

4.8, 12.2

118.5,120

4.5,4.8

2

1.5, 1.6

9.5,9

27,32

6.6,6.2

8,20

85.3,88

94.3,99

188, 196

141, 165

106,115

57.5,55.5

11.2,11.6

51.9,50.7

224,254.5

151.8, 154.5

1
2.7

2
2,2.4

16 10.9, 12.6 12.8

177,190 222

67 80, 85.5 107

94 115,118 150

1
1.7

203 235,229 327

168 204,207.5 261

289 268,352 448

101 124,122 154

125 146.5,154 194

10.5 11.5, 10.5 14

42.6 52.1, 42.1 46.8

Repl. od.style

h%

Odonrophore

Nerve ring

Hemizonid

Guid. ring

Lip reg. diam.

Odonrosryle

Stylet

h

c

a

Tail

c'

b

n
L

[al branch complete with ovary 50-60 !lm long, slen
der oviduc[ 55-75 !lm long, pars dilatata oviduclUs 25
33 !lm long, sphincter, pars dilatata ur.eri 55-63 !lm
long, and muscular uterus 137-188 !lm long. Genital
tract withollt Z-differentiation. Ove jector bean-sha
ped to rounded, 50-58 !lm long. No sperm observed
in any part of genital tract. Tail hemispherical with
three pairs of caudal pores, one pair situated laterally
and [Wo pairs very near each other sublaterally. Blind
terminal canal absent except in one specimen with a
very faint terminal canal.

Male: Not found.

Juvenile 04): General appearance as female except
for tail, which is short, conical, and distinctly digitate
with terminal peg and blind canal.

TYPE HOST AND LOCALITY

Loc. 16. Soil around the roots of Dicorynia guianen
sis Amshoff,Saül, Cascade Sauveur, Guyane (3°38' N,
53°12' W), collected by P. Quénéhervé and P. Topart
in 1995.

TYPE SPECIMENS

Holorype female on slide 31784; three pararype
females and one juvenile on slides 31782 and 31783
deposited in the National Collection of Nematodes at
the Plant Protection Research Institute, Pretoria,
South Africa.

OIAGNOSIS AND RELATIONSHIPS

X. labiosum n. sp. has the following diagnostic cha
racters: peri-oral ring present, amphid apertures small
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Fig. 6. Xiphinema labiosum n. sp. A: Anrerior body region; B: Reproducrive sysrem; C, D: Female rail; E: Anrerior body region; F:
Enrire female; G: Tail ofJ4; H: Lip reg/on ofJ4; 1: Habitus. (Scale bars = 50 pm.)
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MEASUREMENTS

Female: See Table 8.

Xiphinerna longicaudaturn Luc, 1961
(Fig. 8)

J4

35

12

40

14

1

2.5

5.5

0.9

132

233

132

158
101

70.9

58.4

Females

Holotype Para types

n 1 4
L 2.7 2.6 ± 0.1

(2.6-2.7)
a 66.1 63.1 ± 4

(56.9-66.9)
b 6.1 5.9 ± 0.1

(5.8-6.1)
c 109.2 98.8 ± 10.2

(85-109.2)
c' 0.6 0.6 ± 0.1

(0.6-0.7)
V 43 42.2 ± 1.6

(39.6-43.9)
Tail 25 27 ± 2.2

(25-30)
Lip reg. diam. 15 13.5 ± 1.8

(10.5-15)
Odonrosryle 156.5 156 ± 2.2

(153-159)
Repl. od.
Odonrophore 114 109.5 ± 3

(107-114)
Styler 270.5 265.5 ± 3.1

(262.5-270.5)
Guid. ring 147 148.7 ± 3

(147-151.5)
Nerve ring 281 288.3 ± 4.7

(281-291.5)
Hemizonid 223 21701 ± 5

(212-223)
h 13 12.2 ± 0.8

(11-13)
h% 52 45.2 ± 4.3

(42-52)

(262.5-270.5 vs 294-314 flm), and shorter body (2.6
2.7 vs 3.27-3.76 mm).

X. labiosum is represented in the polyramous key of
Loof and Luc (1990) by the folJowing code: A2-B4
C7b(a); D6-E34-F3-G4-H 1(2)-I12-J5a-K?-L?

Table 7. Morphomelrics ofXiphinema labiosum n. sp. (Loc.
Guyane 16) (alt measuremems in pm excepl L in mm).

and crescent shaped, lip region almos t continuous
with body ourline, vulva anteriorly siruated, anrerior
branch of geniral tract incomplere, and tail short,
hemispherical.

X. labiosum n. sp. is morphometrically close ra
X. surinamense Loof & Maas, 1972 bu t can be dis tin
guished from it by the folJowing morphological cha
racters: peri-oral ring (distinct vs absenr), amphid
aperture (smaIJ, crescent-shaped vs slit-like, occupy
ing about one-ha If of corresponding body diameter),
lip region shape (almost conrinuous with body outline
vs separated by weak depression from rest of body),
habitus (weakly curved to almost straight vs weakly
curved to C-shaped), number of caudal papiIJae
(three vs two pairs), and tail shape of J4 (short, coni
cal, distinctly digitate vs hemispherical). In the pre
sence of a peri-oral ring, smaIJ crescent-shaped
amphid apertures, and lip region continuous to
almost continuous with body outline, X. labiosum sp.
n. resembles only X filicalldatum labralUm Luc &
Coomans, 1992. Ir is quite different from this species
in tail shape (hemispherical vs filiform), shorter stylet

Fig. 7. Xiphinema labiosum n. sp. A: Lip region wùh liglu
microscopy (LM) laleral view) showing smalt crescenl-shaped
amphid aperlUre (arrowhead),. B: Lip region wùh scanning e/ec
Iron microscopy (SEM) laleral view, showing amphid aperlUre
(arrowhead a) and peri-oral ring (arrowhead b); C: Lip region
wùh LM, showing peri-oral ring (arrowhead) - Xiphinema
pseudokrugi n. sp. D: Vulval region wùh SEM, showing slighl
CUlic/e ornamenlalion in lhe vicinùy of lhe vulva (arrowheads).
(Scale bars = 10 f.1m.)
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Table 8. Morphometrics offemales ofXiphinema longicauda
tum (Loc. Guyane 10) (ail measurements in pm excepl L in
mm).

n 5

L 2.9 ± 0.1
(2.8-3)

a 65.3 ± 7.6
(59.8-74)

b 6 ± 0.4
(5.7-6.4)

c 10.2 ± 0.4
(9.7-10.7)

c' 8.2 ± 0.3
(7.9-8.5)

V 39.4 ± 0.3
(39-39.7)

Tail 284.8 ± 9.3
(275-295)

Lip reg. diam. 14.3 ± 0.5
(14-15)

Odontostyle 152.8 ± 2
(150-155.5)

Odontophore 93.7 ± 2.3
(90-96)

Stylet 246.5 ± 2.9
(243-249.5)

Guid. ring 137.2 ± 5.9
(130-146)

Nerve ring 229.5 ± 19.8
(210-263)

Hemizonid 188.7 ± 26.4
(167-218)

h 106±3.9
(105-110)

h% 37.3 ± 1.7
(35-39)

DESCRIPTION:

Female: Habitus moderately ventrally curved, more
curved in posterior third. Lip region rounded, slightly
offset from rest of body. Amphid aperture 6.5-7 ).lm
wide, curved, occupying 46-50 % of lip region width,
situated about 6 /lm from anterior end. Body pores
conspicuous; distribution in neck region: ten to thir
teen laterally, ten ventrally, three dorsally. Vestigium
3.5-5).1m long. Basal flanges 16-17.5).1m wide. Repro
ductive system with fully developed posterior branch
and degenerate, much shorter anterior branch. Ante
rior branch with shorter tubular uterus, well-defined
pars dilalala meri, sphincter, oviduct and ovary repre
sented by short mass of cells. Tail slightly ventrally
curved with terminus bluntly pointed. Two caudal
pores present.

Vol. 21, no. 5 - 1998
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Male: Not found.

REMARKS

X. longicaudalUm has been described only from
Africa, in Ivory Coast, Nigeria, and Cameroon (Luc,
1961; Luc & Hunt, 1978; Sakwe & Coomans, 1993,
respectively). The specimens from Guyane (Loc. 10)
agree well with the published descriptions of the spe
cies, except for longer tail (275-295 vs 166-241 ).lm)
and shorter hyaline portion in relation co the tail
length (35-39 vs 58-75 %). The amphid aperture is
also slightly shorter compared co the lip region width
(46-50 vs 55 % in X. longicaudalUm from Cameroon)
and the numbers of lateral and ventral pores in the
neck region are different from those of specimens from
Cameroon (ten to thirteen and ten vs 22 and seven).
The only other species similar co the Guyane speci
mens is X. filicaudalUm filicaudalUm Loof & Maas,
1972. However, our specimens differ from that species
in shape of lip region (slightly offset vs continuous),
shorter stylet (243-249.5 vs 308-333 ).lm), shorter
body (2.8-3 vs 4 6-4.70 mm), and shorter tail (275
295 vs 363-545 ).lm). In spite of the few minor differ
ences with the African specimens, we consider the
Guyane specimens as pertaining ta X. longicaudalUm.

Xiphinerna oryzae Bos & Loof, 1985
(Fig. 9)

MEASUREMENTS

Female, male and Juvenile: See Table 9.

DESCRIPTION

Female: Habitus weakly to moderateJy curved ven
trally. Lip region 6-7 ).lm high, rounded, slightly offset
from rest of body. Amphid aperture 8-9 /lm wide,
curved, occupying about 60 % of the lip region width,
at 6-7 ).lm from anterior end. Body pores conspicuous;
distribution in neck region: fourteen co nineteen late
rally, eight co ten ventrally, three to five dorsally. Vesti
gium 3-4 ).lm long. Basal flanges 12-14 /lm wide.
Reproductive system with rwo fully developed
branches, sperm usually present in uterus. Z-differen
tiation consisting of numerous large angular to globu
lar structures, adjacent co the pars dilalala meri. Tai]
filiform, curved ventrally, terminus bluntlypointed.
Two caudal pores present on either side of the ta il.

Male: General appearance as in female, with the
following exceptions: Habitus ventrally curved into a
J-shape. Spicules 58-59 ).lm long; gubernaculum
19 flm long. Supplements consisting of an adanal pair
and two co four medioventral papillae. Three caudal
pores present on either side of the tail.

Juveniles: General morphology as in females. Geni
tal primordium in J2 and J4 23-27 and 36-53 /lm
long, respectively.
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Fig. 8. Xiphinema longicaudarum Luc, 1961. A: Anlerior region; B: Anlerior region, laleral view; C: Reproduclive syslem; D: Habi
lUS; E: Diffel'ences in habitus of lhree females; F, G: Taill'egion of lWO females. (Scale bal;: D = 0.2 mm; olhers = 50/lm).
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Fig. 9. Xiphinema oryzae Bos & Loo/, 1985. A: Anterior body regum of male; B: Anlerior genùal branch; C: Tail of J2; D: Tailol
J3; E: TailofJ4; F: Alypicalfemale lail, presumably broken al some stage; G: 1j;picalfemale tail; H: Male tail; 1: Habitus. (Scale bars
= 50 pm.)
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Table 9. Morphomelrics ofXiphinema oryzae Bos & Loo!, 1985 (ail measuremems in pm excepl L in mm).

Guyane 3 Guyane 7 Guyane II

Female Male Female Male J2 Female Male J2 J3
n

L

a

b

c

c'

1

3.4

59.3

8.9

10.9

8

2

3.7,4.2

71.8,72.4

7.8,9.2

8.8, 10.5

13.3, 12.6

1
4

82.4

8.7

11.3

9.7

1
1.5

48.2

4.6

12.4

6.3

1 1

3.5 3.4

45.9 53.3

5.9 7.7

8.1 10.9

10.5 7.3

2

1.8, 2

52.4,47.6

5.2,6

7.1,7.6

13.2, 10.9

3
2.3-2.4

50.1-51.5

5.3-6

7.4-9

9.1-11.5

5
2.9 ± 0.3
(2.6-3.2)

50.8 ± 0.7
(50.2-51.2)
7.3 ± 0.9
(6.6-8.5)
9.9 ± 1.8
(8.2-12.4)
9.5 ± 0.7
(8.7-10.5)

9, 1.9 3.5-7.4

52, 54 60-61

22.5, 5 8.8-22.5

-,140 169-179.5

299.5 ± 32.1
(261-335)

12
129.1 ± 5.1
(123-135.5)
150.5 ± 2.3
(147.5-153)
69.6 ± 1.8

(68-72)
198.8 ± 4.8
(193-204)

117.9±5.1
(112-124.5)
203 ± 8.1
(193-211)

198.1 ± 4.1
(193.5-201)
15.7 ± 8.7
(7.5-23.8)
5.2 ± 2.9
(2.2-8.3)

10-11.5
106-111

253-303

9,9.5
87,88

139,142 166-l71

113,119128.5-135.5

248,260

78.5,85.5 101-104

136.5,146 177-198

78

36

244

13
156

150

234

36
310

11.6

46

138

217

75

43
433

10.6

13.5
151.5

226.5

99

51

147

141

119

19.7

23.5

82.5

86.5

137.5

37

147

262

227

41
350

145
152

10.6

81.5

233.5

34,42.5

223, 235

8, 10.8

260,-

81.5,84.5

41.8,39.5
415,395

12.5, 14
152, 162.5

142, 158.5

233.5, 247

54

17

80

148

255

234

312

12.5
154

84

222

254

161

250.5

14.5
166.5

broken

Lip reg. diam.
Odonrostyle

Nerve ring

Odontophore

Srylet

Rep!. od.style

Guid. ring

h%

Hemizonid

h

VIT
Tail

REMARKS

These specimens are similar ta the X. oryzae speci
men described by Luc and Coomans (1992) from
Guyane. However, the rwo males from the present
populations are the first ta be described from South
America. As noted by Luc and Coomans (1992) in the
specimen they described, the present females of
X. oryzae differ from those of the type population by
longer body, much longer tail, difference in Z-differen
tiation, and longer odonrostyle. Compared to the sin
gle male in the type population, the present males have
longer body (3.4-4.0 vs 2.79 mm), longer ta il (310
350 vs 155 Ilm), and longer odontostyle (233.5-234 vs
ISO Ilm). No ventromedian supplements were visible
in the males of the present populations from Guyane.

Xiphinerna pseudokrugi* n. sp.
(Figs 10, 7D)

MEASUREMENTS

Female: See Table 10.

DESCRIPTION

Female: Habitus hook-shaped, curvature more pro
nounced in posterior one-third. Lip region 4.5-5 Ilm
high, rounded, offset from rest of body by a weak
depression. Body rapering anteriad; diameter at base
of pharynx about four times width of lip region.
Amphid aperture 6 Ilm wide, occupying about 60 %
of lip region width. Cuticle 1.5-2.5 Ilm wide in mid-

* The species name pseudokrugi refers to the resemblance to
X. krugi.
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E

'--_----', F - H

'-- ---J! A- D

Fig. la. Xiphinema pseudokrugi Il. sp. A: Amerior body region of holotype; B - D: Tail shape of three differem females; E: Habitus;
F - H: Reproductive systems of three differem females; 1: Emire holotype female. (Scale bars = 50 /lm.)

body, 3-4 ~m near lip region, 4.5-6 ~m on dorsal side
of tail. Cuticle on tail and near lip region with faim
radial srriae. Body pores small, difficult ta see;
approximate distribution in neck region: fifteen late
rally, thirteen vemrally, and three dorsally. Basal
flanges 8.5-11 ~lm long. Pharynx 274-336 ~m long,
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basal bulb 55.5-60 x 15-17 ~m. Pharyngeal glands
and opening obscure: DO located at about 10 % of
basal bulb length, DN at about l2 %, SN 1 and SN2 at
about 50 %, and sa at 70 %. Reproductive system
with fully developed posterior branch and reduced,
much shorter anterior branch with ovary absent, ovi-
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Table JO. Morphomelrics of females of Xiphinema pseudo-
krugi n. sp. (ail measuremems in ,am excepl L in mm).

Guyane ID Guyane 8

Holorype Paratype

n 1 1 5
L 1.4 1.4 1.5 ± 0.1

(1.4-1.6)
a 33.8 33.7 46.7 ± 3.7

(42.1-51.8)
b 5 4.5 4.7 ± 0.3

(4.2-5)
e 52.8 50.2 47.1 ± 1.9

(44.5-49.3)
e' LI 1.1 1.5±0.1

(1.4-1.7)
V 47.1 48.2 49 ± 0.9

(47.6-50.1)
Tail 26.5 27.5 30.5 ± 2.9

(26.5-33.5)
lip reg. diam. ID 10 ID ± 0.3

(9.5-10.5)
Odonrosryle 86 88.5 100.1 ± 3.3

(95-102.5)
Odontophore 55 53 55 ± 1.6

(53.5-57.5)
Stylet 141 141.5 155.1 ± 4.5

(148.5-159)
Guid. ring 78 82.5 86.2 ± 2.2

(83-89)
Nerve ring 145.5 161 166 ± 9.6

(155-178)
Hemizonid 140 142.5 148.4 ± 5.7

(138.5-153)
h 6 5.5 5.6 ± 0.9

(4.5-7)
h% 23 20 18.1 ± 3.7

( 13.8-23)

duet reduced ta a smail mass of ceUs, and sphincter
and uterus recognisable but reduced. Pars dilatata
Uleri larger in the anterior than in the posterior
branch, with large cells in one specimen (Fig. 10H).
Dimensions of the reproductive system as follows:
anterior branch: tubular uterus 22-34 ~m, pars dila
tata Uleri 34-62 /lm, oviduct reduced to a mass of cells
22-28 /lm, ovejector 28-39 /lm; posterior branch:
tubular uterus 45-67 /lm, pars dilatata uleri 22-25 /lm,
pars dilatata oviduClUS 21-28 /lm, oviduct 45-53 /lm,
ovary 70-146 /lm. Vagina reaching halfway across
body. Slight cuticular ornamentation occurring ame
rior and posterior of the vulva. In most specimens,
prerectum obscure, constituting 14 % of body length.
Tail convex-conoid with main curvature on dorsal
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outline, the vemral outline almost straight. Tail termi
nus varying from almost smoothly rounded to dis
tinctly bulging. No terminal canal observed but
outermost cuticular layer appearing disjoimed at the
tail extremity in most specimens. Two pairs of caudal
pores observed; one pair near terminus in lateral posi
tion, one pair doser tO anus, subdorsal in position.

Male: Not found.

TYPE HOST AND LOCALlTIES

Loc.8: Rhizosphere of Maramaceae, Saut Brodel,
Guyane (4°15' N, 52°40' W). Loc. 10: rhizosphere
of Dicorynia guianensis Amshoff; Paracou, Guyane
(5°20' N, 52°50' W). CoUected by P. Quénéhervé and
P. Topart in 1995.

TYPE SPECIMENS

Holotype female on slide 31795, six paratype
females on slides 31794 and 31795 deposited in the
National Collection of Nematodes, Plant Protection
Research Institute, Pretoria, South Africa.

DIAGNOSIS AND RELATIONSHIPS

X pseudokrugi n. sp. is characterised by incomplete
anterior genital branch with oviduct reduced to a sin
gle mass of cells and sphincter and uterus recognisa
ble but reduced; Vu)va situated almost at mid-body,
slight cuticular ornamentation amerior and posterior
of vulva, tail convex-conoid with smoothly rounded to
bulging terminus.

X pseudokrugi n. sp. is most dosely related to X krugi
Lordello, 1955. However, it differs from that species in
position ofvulva (V =47.1-50.1 vs 28.6-36), slight cutic
ular ornamemation around vulva (absent in X krugl) ,
somewhat shorter odomostyle (86-103 vs 94-129 /lm),
shorter odomophore (53-57.5 vs 60-84 ~m), shorter
stylet (141-159 vs 154-207 /lm), and shorter body (1.38
1.58 vs 1.55-2.59 mm). The morphometrics of X krugi
are based on the description of Luc and Hunt (1978). X
pseudokrugi n. sp. is also morphologically near to X pau
listanum Carvallo, 1965 but can be distinguished mainly
by the following characters: position of vulva (V =47.1
50.1 vs 41.5), tail shape (convex-conoid with terminus
from smoothly rounded ta distinctly bulging vs conical
with short, thick terminal bulge), shorter odomostyle
(122 ~un in X paulistanum), shorter odomophore (60 /lm
in X paulistanum) , and shorter body (1.76 mm in
X paulistanum). By stylet length, reduced amerior
branch of reproductive system, and tail morphology, X
pseudokrugi n. sp. also resembles X llanosum Siddiqi &
Lenné, 1990. X--pseudokrugi n. sp. differs from X l!ano
sum in position ofvulva CV =42-47 inXllanosum), degree
of reduction of anterior reproductive branch (uterus and
sphincter recognisable but reduced vs uterus and sphinc
ter normal, as long as posterior branch), shorter body
(2.3-2.7 mm in X llanosum), lower c-value (44.5-52.8 vs
86-114), and higher c'-value (1.1-1. 7 vs 1-1.2).
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X. pseudokrugi n. sp. belongs to Group 2 in the
polytomous key of Loof and Luc (1990). Its code is:
A2-B4-C6b-D45-E5(6)-F 12-G12, H2-I3-J?-k?-L-? It
is close to X. krugi, but differs in E.

REMARKS

This is the first report ofaXiphinema sp. from
South America with vulval ornamentation. The other
five species with similar ornamentation are ail
described from South Africa (Swart, 1994) and are
characterised by conical to long tails (c' = 2-7.8 in
these species).

Xiphinerna seinhorsti* n. sp.
(Fig. II)

MEASUREMENTS

Female and Juveniles: See Table II.

DESCRIPTION

Female: Habitus from weakly curved ventrad to
J-shaped. Cuticle with two well-defined layers, thick
ened and striated towards both extremities. Cuticle
thickness: 4.5-6 /lm in neck region just posterior oflip
region, 3.5-5 /lm at mid-body, 11-13 /lm on dorsal
side of tail. Lateral chord 14-18 /lm wide at mid-body.
Body pores numerous and conspicuous; distribution
in neck region: seventeen to 24 situated laterally, four
to five situated dorsally, ten to fourteen ventrally. Lip
region high, rounded when viewed dorso-ventrally;
broadly rounded and set off from rest of body by a
shallow depression when viewed laterally. Amphidial
fovea stirrup-shaped; aperture occupying about 66 %
of lip region width and situated at the level of the shal
low depression. Odontostyle and odontophore well
developed; flanges well-defmed, 12-15 /lm wide. Ves
tigium 1.5-4 /lm long, situated in anterior region of
slender part of pharynx. Hemizonid well-defined,
from slightly anterior to just posterior of flanges.
N erve ring surrounding anterior part of slender pha
rynx at a short distance behind the flanges. Basal bulb
97-126 x 23-30 /lm. Ventrosublateral pharyngeal
gland nuclei located at about mid-bulb, both on the
same level or one slightly posterior to the other. Posi
tion of gland nuclei and gland outlets (n =8): DO =
4-6 %, DN = 4-10 %, SO = ±48 %, SNI and SN z =
45-57 %. Ventrosublateral gland outlets obscure in
most specimens. Cardia conical, sometimes flattened,
surrounded by intestine. Prerectum difficult to meas
ure in most specimens, 215-334 /lm long (6-9 % of
body length) in six specimens. Rectum well-defined,
30-50 /lm or 0.8-1.2 times anal body diameters long.
Tail short, convex-conoid with greater curvature dor
sally, with exceptionally long finger-like projection or

* The species name commemorates me late Dr ].W. Seinhorsr.
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peg, clearly offset from rest of tail and situated to ven
tral side of tail. Blind canal present at tail terminus
(sorne specimens with shorter pegs, perhaps due to
in jury). Two pairs of caudal pores present: one pair
situated in a subventral position, a short distance pos
terior of anus; second pair in subdorsal or sublateral
position, slightly posterior of subventral pair (this pair
absent or obscure in sorne specimens). Female repro
ductive system amphidelphic with the two genital
branches equally developed. Each branch consisting
of reflexed ovary (50-92 /lm), slender part of oviduct
(55-95 /lm), pars dilacaca oviduClUS (22-36 /lm),
sphincter, large pars dilacaca uteri (54-69 /lm), long,
tubular, sometimes convoluted uterus (114-182 /lm)
containing a weakly developed Z-differentiation, weil
demarcated ovejector (60-80 Ilm), and vagina (29
34 /lm) stretching about halfway across the body
width. Z-differentiation consisting of three to four
small granular bodies (2-5 x 1-3 /lm), situated 25
49 /lm from the pars dilatata uteri. In sorne specimens,
the Z-differentiation is obscure and appears to consist
of a few small granules. As the uterine wall enclosing
the Z-differentiation is not particularly muscular or
thickened, the differentiation represents a pseudo
Z-organ (according to Loof & Luc, 1990). Vulva a
transverse slit. Dimensions of one intra-uterine egg:
95 x 22 /lm; shell 1-3.5 /lm thick. No sperm found
within reproductive system.

Male: Not found.
Juveniles: One third stage (3) and one fourth stage

(J4) juvenile found. The J3 has a fully developed
replacement odontostyle, surrounded by a protective
sheath. The developing gonad is a flattened structure
(56 x 7.7 /lm) filled with several large cells with pro
minent nuclei. Also, the habitus is almost straight
whereas the J4 has C-shaped body, which suggests that
the J3 is moulting (see Samsoen & Barbez, 1982). The
developing gonad of the J4 is a compact, roundish mass
of cells (44 x 27 /lm) and the length of the replacement
odontostyle corresponds weil with that of the odomo
style of the adults. In both juveniles, the tail differs from
that of adult females by being longer, elongate, and
without an offset peg. The rest of morphology resem
bles that of adult females, except for a shorter body.

TYPE HOST AND LOCALITIES

Loc. 10: Soil around roots of Dicorynia guianense
Amshoff, Paracou, Guyane (5°20' N, 52°50' W). Col
lected by P. Quénehérvé in 1994.

Other localities: Loc. 4, 5, and 7 (see above).

TYPE SPECIMENS

Holotype and three paratype females on slide 30844
and six paratype females and one juvenile on slides
30845 and 30846 deposited in the National Collection
of Nematodes at the Plant Protection Research Institute,
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Table Il. MOIphometrics ofXiphinema seinhorsti n. sp. (ail measuremerus in pm except L in mm).

n
L

a

b

c

c'

VIT

Tail

Lip reg. diam.

Odontostyle

Rep!. od.style
Odontophore

Stylet

Guid. ring

Nerve ring

Hemizonid

h

h%

Holotype
female

1
3.3

51.4

7.7

57.2

1.4

39.9

58.5

12.5

175.5

85

260.5

175

264

231

29

50

Guyane 4

Paratype female

12
3.5 ± 0.3
(3.1-4.3)

68.1±6.9
(57.5-82.1 )
7.7 ± 0.9
(6.2-9.2)

63.7 ± 8.7
(46.6-76.4)

1.4 ± 0.2
(1.2-1.6)

39.4± 1.9
(36.4-43.6)
56.2 ± 5.8

(49-67 )
13.7 ± 0.7
(12.5-15 )
156.7 ± 7

(147.5-175.5)

85.2 ± 2.7
(81.5-90 )

241.9 ± 8.2
(230-260.5)
148.9 ± 10.1
(136.5-175 )
259.4± 10.8
(236.5-276 )
230.3 ± 8.3
(214-243 )

32 ± 5
(22-40 )

56.9 ± 7.3
(44.4-61.8)

J3

2.9

67

9.9

29.3

2.9

100

12

137

147
78.5

215.5

96

152

143

54.5

54.5

J4

2.8

64.2

6.4

30.8

2.5

89.5

12.5

135

161
76

211

124

225

203

44

49

Guyane 5

Female

8
3.5 ± 0.3
(3.1-4 )

63.8 ± 9.5
(49-73.2)
7.9 ± 1

(7.1-10.4)
64.2 ± 10.1
(50.8-78.5)

1.4 ± 0.2
(1.2-1.6)
40 ± 1

(39-41.5)
54.8 ± 6.3

(48-62 )
13.5 ± 0.6
(13-14.5)

150.2 ± 4.1
(145-156.5)

83.3 ± 2.3
(80.5-87.5)
233.5 ± 5

(228.5-243.5)
144.5 ± 4.3

(137.5-149.5)
255.4 ± 7.8
(244-265 )

223.8 ± 6.6
(217.5-233 )
32.1 ± 5.3

(25-40)
58.4 ± 4.3
(50-64.5)

Guyane 7

Female

12
3.3 ± 0.2
(2.9-3.6)

67.5 ± 3.8
(62.6-74 )
7.3 ± 0.4
(6.9-8.3)

67.9 ± 6.8
(58.3-77 .3)

1.2 ± 0.1
(1-1.4)

41.4 ± 1.1
(39.5-42.8)
47.9 ± 2.9

(42-51 )
13 ± 0.7
(12-14 )

144.9 ± 5.9
(1380-157.5)

79.2 ± 1.5
(76.5-81.5)
224.1 ± 6

(217-236.5)
139.2±9
(121-149 )

244.1 ± 21.1
(204-273 )

207.9 ± 14.5
(173-221 )
24.6 ± 3.1
(20.5-29 )
51.4 ± 5.6
(40.2-56.9)

Guyane 10

Female

3
3.1-3.3

56-57.9

6.7-7.5

63.3-67.1

1.2

36.9-41.5

49-49.5

13-15

150-155.5

84-88

234-240.5

146.5-161

238-241

200-219.5

30-32

61.2-65.3

Pretoria, South Africa. Three pararype females and one
juvenile deposited in the collection of the Muséum
National d'Histoire Naturelle, Laboratoire de Biologie
Parasitaire, Protistologie, Helminthologie, Paris, France.

DIAGNOSIS AND RELATIONSHIPS

X. seinhorsti n. sp. is characterised by a long caudal,
offset, fingerlike projection located on the ventral side
of tail, presence of a blind canal at the tail terminus,
long odontostyle, long odontophore, and pseudo
Z-organ consisting of a small number of small granu
lar bodies in the uterus.

X. seinhorsti n. sp. is closely related to four Xiphi
nema species: X. imambaksi Loof & Maas, 1972,
X. mammatum Siddiqi, 1979, X. stockeri Kruger &

Vol. 21, no. 5 - 1998

Heyns, 1985, and X. manubriatum Luc, 1975. The
new species is closest to X. imambaksi, especially in the
appearance of the peg, but it can be distinguished by
the following characters: longer body (2.9-4.302 vs
2.5-3 2 mm), longer odontosryle (138-175.5 vs 119
136 ,um), longer odontophore (76.5-90 vs 64-70 ~m),

longer peg (22-40 vs 18-20 llm), smaller number of
caudal pores (rwa vs three pairs), Z-differentiation dif
ferent (few small granular bodies vs distinct sclerotized
apophysis), and vulva slightly more anterior CV =36.4
43.6 vs 40-45). X. seinhorsti n. sp. differs from the
female of X. mammatum mainly in longer odontosryle
(110 ,um ln X. mammatum), longer odontophore
(73,um in X. mammatum), different kind of Z-diffe
rentiation (stella te uterine spines in X. mammatum),
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longer peg, located on ventral side of tail (13 ~m long
peg, situated on central axis in X. mammatum), and }4
with longer tail (89.5-100 vs 49 ~m). X. seinhomi n.
sp. can be distinguished from X. slOckeri by longer
odontostyle (98.3-105 ~m in X. slOcken), longer odon
tophore (65-75 ~m in X. slOcken), difference in posi
tion and length of peg (on central axis of body, 11
12.5 ~m long in X. slOcken), longer tail (40-50 ~m in
X. slOcken), and difference in Z-differentiation (15-28
irregular granular bodies in X. slOckerz). X. seinhomi n.
sp. differs from X. manubriaLUm mainly in longer body
(1.77-2.23 mm in X. manubriaLUm), vulva more anre
rior (51.3-56.3 % in X. manubriaLUm), different kind
of Z-differentiation (Z-organ present in X. manubria
LUm), and longer odontostyle and odontophore (132
144 and 61-70 ~m, respectively, in X. manubriarum).

In the polytomous key of Loof and Luc (1990),
X. seinhorsti n. sp. is represenred by the following code:
A4-B2-C5A-D(4)5-E34-F34-G34-H2-123-J2-K?-Ll.
Ir is close to X. imambaksi but differs in c-value.

REMARKS

One Guyane specimen (Loc. 7) has smaller body
(2.9 mm), odonrostyle (138 ~m), and odonrophore
(76.5 flm). Its lip region, tail, and reproductive system
morphology agrees well with the description of the new
species, which warrants its inclusion in this species.
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Summary - A description is provided of LongidonlS seinhorsti sp.n., a bisexual species associated with grass growing in coarse
alluvial sand in The Netherlands. The species is characterised by its medium body length (4.6-6.2 mm), slightly expanded and
anteriorly flattened head region, symmetrically bilobed amphidial pouches, odontosryle 110-128 ~m long, and elongate, conoid
tail (36-46 ~m). Males have short spicules (50-57 ~m) and a row of fourteen to sixteen supplements. © OrstomlElsevier, Paris

Résumé - Longidorus seinhorsti sp. n. (Nenwtoda: Dorylaùnoidea) provenant des Pays-Bas - Description est
donnée de Longidorus seinhorsti sp. n., espéce bisexuée associée aux graminées poussant sur un sol alluvial grossier des Pays
Bas. Cette espéce est caractérisée par: corps de longueur moyenne (4,6-6,2 mm), région antérieure en relief et légérement
aplatie frontalement, poches amphidiennes à bilobation symétrique, odontosryle long de 100-128 ~m, queue allongée-conoïde
(36-46 j.UTI). Les mâles présentent des spicules courts (50-57 ~m) et une rangée de quatorze à seize suppléments. ©
OrstomlElsevier, Paris

Keywords: Grass, Longidorus, nematode, The Netherlands.

As part of a study of morphological variability
present in Longidorus vineacola Sturhan & Weischer,
1964 (see Brown et al., 1997) the late Dr ].W. Sein
horst provided one of us (DJFB) wim specimens from
several populations of Longidoms occurring in The
Nemerlands, which had been tentatively identified as
representing L. vineacola. Amongst this material were
several slides containing specimens from a population
from Vortum-Mullem, which Dr Seinhorst had iden
tified as being similar to, but not identical with,
L. vineacola. Dr Seinhorst also provided sorne prelim
inary drawings and measurements (Fig. 1) of mese
nematodes which suggested mat the specimens were
not L. vineacola but represented an undescribed spe
cies. Also, on one slide he indicated a female speci
men as me poœntial holotype. Brown el al. (1997)
referred to this species as L. pseudoelongmus Almerr,
1976 but subsequently, whilst preparing a redescrip
tion of that species (unpubl.) one of us (P.A.A.L.)
confirmed mat the specimens from Vortum-Mullem
represented an undescribed species. Here we provide
a description of this species.

Specimens were provided mounted in glycerine on
permanent aluminium double slides by the late Dr
].W. Seinhorst.

Corresponding author: D.].F. Brown.
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Longidorus seinhorsti* sp.n.
(Figs 1, 2)

MEASUREMENTS

See Table 1.

DESCRIPTION

Female. Body very slender, C- or G-shaped when
heat relaxed. Head region slightly expanded, anteri
orly flat, rounded laterally, set-off by a shallow depres
sion. Labial papillae prominent, nerve canals very
thick. Cuticle wim two layers of equal thickness and
with fine transverse striae; cuticle along the body
about 2.5 !lm thick, 3 !lm at postlabial region and
6 !lm on tail. Hypodermal chord 16 (14-18) ~lm wide
(n=10). Numerous lateral body pores, five to seven in
the odontostyle region, six dorsal and eight ventral
cervical pores. Amphidial pouches large, exœnding
more man half the distance between anterior end and
guide ring, symmetrically bilobed. Nerve ring single.
Muscular bulb plump, oesophago-inœstinal valve
elongate, bluntly conoid. Location of oesophageal
gland nuclei typical for genus. Nuclei of dorsal and
subventral glands situaœd at 35 (29-39) (n=7) and
52 (48-56) % (n=II); opening of me dorsal gland
(DGO) at 11-13% (n=4) and openingofthe subven
tral glands (SVO) 86-92% (n=4) of the distance from

* Named in memoriam of the late Dr ].W. Seinhorst.
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Fig. 1. The original figure drawn by the late Dr J W Seinhor5l showing a scyllied representation of the amerior end of a Longidorus
nemawde in which the differences between Longidorus vineacola and L seinhorsti sp. n. are displayed.

anterior end of oesophageal bulb, respectively. Dorsal
gland nuclei 1.5 l-Im diam. and subventral glands
nuclei 3 Jlm diam. Vulva a transverse slit, vagina
extending to ca half a corresponding body diamerer,
or slightly less; pars distalis vaginae and moderately
thick walled pars proximalis vaginae 13-15 l-Im and
8-11 Jlm long, respectively. U teri 180-289 l-Im long,
thick walled, with conspicuous lumen, filled with
sperm cells in fertile females; weil developed sphincter
between uterus and pars dilatata oviduClUS. Pars dila
tata oviduClUS 75-134 Jlm long, containing sperm cells
in fertile females, slender part of oviduct 92-154 Jlm
long; caecum 43-70 l-Im long and ovarium 87-193 Jlm
long. Prerectum 526 (396-633) Jlm long (n=5), rec
tum about 0.8 (0.7-0.9) ofbody diameter at anus. Tail
elongate conoid, slightly ventrally curved, terminus
broadly rounded; two pairs of lateral pores present.

Male: Body C-shaped, more strongly curved at pos
terior end. Two pairs of adanal supplements followed

by a row of twelve to fourteen. Postcloacal papilla weil
developed. Tail bluntly conoid with a rounded termi
nus.

Juveniles: Only four specimens available. On the
basis of lengths of body, odontostyle, replacement
odontostyle and developing gonad, and the position of
the replacement odontostyle in relation to the odonto
phore, they can be assigned to three stages Q2, J3, and
J4). In J2 the head region is less expanded than in the
subsequent stages and adults.

DIAGNOSIS AND RELATIONSHIPS

Longidorus seinhorsli sp.n. is a bisexual species char
acterised by its medium body length (4.6-6.2 mm),
slightly expanded and anteriorly flattened head
region, symmetrically bilobed amphidial pouches,
odontostyle 113-128 Jlm long and elongate conoid tail
(41-46 Jlm). Male with short spicules (50-57 Jlm) and
twO pairs of adanal supplements followed by a row of
twelve to fourteen supplements.

606 Fundam. appl. NemalOl.



Longidorus seinhorsti sp. n.
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Fig. 2. Longidorus seinhorsti sp. n. A: Female oesophageal region; B: Female head region; C: Male head region; D: Third stage ju
venile head region; E: Second stage Juvenile head end; F: Amerior genùal branches of, a) fertile, and b) virgin females; G-f: Habùus o}
males, females and Juveniles fourth, third and second stage, respective!y; J, K: Female tail ends; L: U1ginal region; M: Sperm ceils;
N: Spicule; O-Q: Juvenile tail encis, second, third and fouTth stage, respective!y; R, S: Male tail ends (Scale bars: A, B - E, J - S =
40 i1m; F =20,am; G -/ = 1 mm).
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Table 1. Measuremems of Longidorus seinhorsti sp. n. (Ail measuremems in /lm, excepl L in mm).

Holorype Females Males J2 J3 J4

n 13 4 1 2 1

L 5.1 5.5±0.35 5.3-5.6 1.7 2.6,3.0 3.4
(4.6-6.2)

a 118 122±7.8 108-138 69 89,91 113
(107-133)

b 11.7 13.1±0.9 11.3,12.3* 5.7 7.1,8.5 8.9
(11.7-15.3)

c 113 129±7.8 121-146 50 58,78 85
(113-140)

c' 1.3 1.3±0.11 1.1-1.3 1.8 1.6,1.8 1.4
(1.0-1.4)

vrr 53 49±2.0 32,33*
(47-53)

Odontostyle 125 121±4.7 110-124 76 93, - 105
(113-128)

Odontophore 61 65±3.8 59-70 42 54, - 54
(55-69)

Repl. od. style 83 101,103 120

Bulb length 88 91±5.5 79-92** 62 66,73 77
(84-102)

Bulb diam. 21 22 19-22** 13 17,18 18
(21-29)

Tail 45 42±3.1 42-47 33 44,45 40
(41-46)

h 17 15 6-12** 8 10,12 10
(9-19)

Ant. end to guide ring 32 32±0.8 31-32 18 23,24 25
(30-33)

Neck length 435 418±27.5 443-476** 291 354, 364 384
(375-457)

Am. end ta nerve ring 192 200±9.1 203-208** 133 170, 168 174
(192-218)

Diam. at Hp region 21 21 21-22** Il 14,15 15
(21-22)

Diam. at mid-body 43 45±3.1 39-49 24 29,33 30
(40-49)

Diam. at anus 36 33±1.4 33-38 18 25,28 28
(31-36)

Glrrl 8 9 8-11**
(7-11)

G2rr2 7 9 7-9**
(6-12)

Spicules 50-57

* n = 2; ** n = 3.

608 Fundam. appl. NemalOl.



The code for identifying the new species when using
the identification key of Chen et al. (1997) is: A-45,
B-4, C-3, D-2, E-2, F-23, G-23, H-4, 1-2.

Based on the codes provided in the identification
key, the new species is similar to Longidorus dunensis
Brinkman, Loof & Barbez, 1987, which is a partheno
genetic species having a shorter odontostyle (95-106
llm) and odontophore (54-63 llm), a narrower lip
region (14-16 llm), DN is situated more anteriorly
(20-29%), and SVN more posteriorly (51-60%) than
in the new species. The new species is also similar to:
L. paraelongatus Altherr, 1974, which was described
from a single female, and which has a longer body
(7.35 mm) and odontostyle (140 llm), a slightly nar
rower labial region (calculated from Fig. 10a of
Altherr, 1974, who did not provide information in the
text), amphids not bilobed, and tail broader at the tip;
L. cylindricaudatus Kozlowska & Seinhorst, 1979
which differs by having a longer odontostyle
(128-140 llm), a narrower lip region (12 llm), a more
posterior guide ring (33-38 llm), different tail shape,
and males extremely rare; L. cohni Heyns, 1969 in
which the lip region is narrower (16-18 llm), the body
is longer (7.8-8.8 mm) and more slender
(a= 165-225), and the location of the oesophageal
gland nuclei is abnormal; L. closelongatus Stoyanov,
1964 which has a narrower (17 llm) and more
expanded lip region, males are rare, and the location
of the oesophageal gland nuclei is abnormal; L. areno
sus Kankina & lvanova, 1986 has a longer body
(7.13-9.16 mm), a narrower (18 llm, measured from
the illustration) and more expanded, strongly off-set
lip region, and a more anterior guide ring (22-27 llm).

TYPE HOST AND LOCALITY

Rhizosphere of grass growing in coarse alluvial
sand, 1000 m from the southern bank of the river
Maas, Vortum-Mullem, The Netherlands (51°38'N,
05°59'E).

TYPE MATERIAL

Holotype (slide number WT 3251), three paratype
females, two paratype males and four juveniles depos
ited in the collection of the Agricultural University,
Wageningen, The N etherlands (slide numbers WT
5231 to WT 5235) . The holorype female designated
by Dr Seinhorst was in poor condition which required
us to designate a different specimen as the holotype.
Three paratype females and one pararype male depos
ited in the nematode collection of the International
Institute of Parasitology, St. Albans, UK; four para
type females deposited in the collection at the
Muséum National d'Histoire Naturelle, Paris, France;
two paratype females and one paratype male depos
ited in the USDA Nematode Collection, Beltsville,
MD, USA.

Vol. 21, no. 5 - 1998
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REMARK

A relatively long caecum is present in ail females
(Fig. 2 Fa, b). In fertilised females, this structure
becomes thicker, presumably as a result of physiologi
cal changes induced in the spindle-shaped epithelial
cells (Coomans, 1965) as a pre-requisite for receiving
fertilised eggs from the ovary. In one specimen an
oocyte was observed partly entered into the caecum
and with rwo sperm cells associated with invaginations
of the oocyte. Thus, the caecum appears to be the
place in the reproductive tract where fertilisation of
oocytes occurs.
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Summary - The interaction of Meloidogyne javanua and Rhizoctonia solani was studied on peanut in greenhouse and field
microplot experiments. The effects of R. solani on reproduction of M. javanica was variable, with nematode Pi having a greater
efTect on nematode reproduction than did the presence of R. solani. In microplot tests with a factorial design with four nema
tode Pi and two levels (1995) or three (1996) levels of R. solani, peanut pod rot and root colonization by R. solani were
increased by the presence of M. javanica (P ~ 0.05), and the total amounts of pod rot and root colonization were positively
related (r 2 > 0.85) to Pi of M. javanica. Pod yield was more suppressed by both pathogens than by either pathogen alone, and
was negatively related (r 2 > 0.86) to Pi of M. javanica in both microplot experiments. The data confirm the interaction of
M. javanica and R. solani on peanut. © OrstomlElsevier, Paris

Résumé - Le complexe pathogène de {'arachide Me1oidogyne javanica - Rhizoctonia solani - L'interaction entre Meloi
dogyne javanica et Rhizocwnia solani a été étudiée sur arachide en serre et en microparcelles au champ. L'action de R. solani sur
la reproduction de M. javanica est variable, la Pi du nématode ayant une plus grande influence sur sa reproduction que la
présence de R. solani. Lors d'expériences en microparcelles ayant une disposition factorielle et comportant quatre niveaux de
Pi du nématode et deux (1995) ou trois (1996) niveaux de R. solani, la pourriture des gousses d'arachide et la colonisation des
racines par R. solani sont accrues en présence de M. javanica (P ~ 0,05) ; les valeurs totales de la pourriture des gousses et de
la colonisation des racines sont corrélées positivement (r 2 > 0,85) à la Pi de M. javanua. La récolte en gousses est plus affectée
en présence des deux agents pathogènes que si un seul d'entre eux est présent, et cette récolte est corrélée négativement
(r2 > 0,86) aux Pi de M. javanica dans l'une et l'autre expériences en microparcelle. Ces données confirment donc l'interaction
entre M. javanua et R. solani sur l'arachide. © OrstomlElsevier, Paris

Keywords: Arachis hypogaea, disease complex, Meloidogyne javanica, peanut, RhizoclOnia solani, root-knot nematode.

Nematode-fungal disease complexes, especially
those involving Meloidogyne spp., are common on
many crops (Golden & Van Gundy, 1975; Diomandé
et al., 1981; Abawi & Barker, 1984; Starr el al., 1989).
The association of nematodes and fungi on plants
may cause synergistic, additive, or antagonistic effects
with respect to disease developmenr and yield sup
pression. Synergistic associations are generaliy attri
buted to the enhancemenr of fungal infections due to
the physiological effects on the plant of nematode
parasitism (Golden & Van Gundy, 1975; Starr & Aist,
1977). In the synergistic association of Meloidogyne
incognùa and RhizoclOnia solani on okra and tomato,
roots of both crops were colonized to a greater extent
by R. solam' in the presence of M. incognùa compared
to colonization of plants exposed to R. solani alone
(Golden & Van Gundy, 1975). Siddiqui and Husain
(1992) reported a similar effect of M. incognila on the
colonization of chickpea roots by Macrophomina pha
seolina. Infection of cotton by M. incognùa increased
the susceptibility of wilt-susceptible and wilt-resistant
cotton genotypes to F oxysporum f. Sp, vasinfeclUm
(Starr el al., 1989; Jeffers & Roberts, 1993).

Not ail associations of nematodes with soilborne
fungal pathogens result in synergistic effects. Starr

Fundam. appl. Nematol. 1164-5571/98/05/ © OrslOmlElsevier, Paris

el al. (1996) reported that the effects of Sclerolium rolf
sii and M. arenaria on yield of peanut and incidence of
southern blight were additive over a range of different
inoculum levels of both pathogens. Jorgenson (1970)
reported anragonistic effects for the association of
Hererodera schachtii and F oxysporum with respect to
growth of sugar beets.

Meloidogynejavanica (Tomaszewski el al., 1994) and
R. solani (El-Wakil el al., 1984) are important patho
gens of peanut (Arachis hypogaea) in Egypt and have
been reported to be involved in disease complexes
either together or with other organisms on several
crops (Batten & Powell, 1971; Golden & Van Gundy,
1975; Sankarialingman & McGawley, 1994; Walker,
1994), but their association on peanut has not been
investigated previously. The objective of this study
was to quantify the effect of the association of these
two pathogens on peanut.

Materials and methods

RhizoClonia solani was isolated from peanut roots
exhibiting symptoms of root rot and root galling and
Koch's postulates fulfilled (data not shown). The iso
late of R. solani used for ail experiments was identified
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Fig. 1. Effeet of rool infection by Rhizocronia solani on repro
duaion of Meloidogyne javanica on peanul in a greenhouse
experimenl.

roo[s with 0.5 % NaOCl (Hussey & Barker, 1973) at
8 weeks after plaming.

The combined effects of M. javanica and R. solani
on nematode reproduction, root colonization and pod
rot by R. solani, and peanut yield was tested in 1995
and 1996 in field microplots. Microplots were plastic
cylinders (55 cm diam x 45 cm deep) filled with and
buried in loamy sand soil (85 % sand, 7 % silt, 8 %
clay, pH 7.5). Microplots were fumigated before
plaming with metham sodium (380 Llha) to eliminate
existing pathogen populations. For these microplot
experiments, nematode inoculum was prepared by
chopping infected tomato roots imo small fragments
and mixing these fragments with the infested soil from
which the roots were obtained. This mixture of
infested soil and infected root fragments was then
mixed with pasteurized sand CI:2 v/v). The number of
second-stage juveniles (J2) and e~gs in the inoculum
mix was estimated from 500 cm sampIes following
elutriation (Byrd el al., 1976) and centrifugation
(Jenkins, 1964). Eggs were extracted with 0.5%
NaOCI (Hussey & Barker, 1973) from root fragmems
collected during elutriation. Different amounts of this
highly infested soil was mixed into the upper 25 cm of
microplot soil to obtain the desired nematode Pi in
each microplot. Ground oat grain inoculum of
R. solam' was also incorporated imo the upper 25 cm
of soil in the appropriate microplots. Eight seeds of
Florunner peanut were planted in each microplot
immediately after infesting the soil, microplots were
thinned to three plants/microplot following emer
gence.

A factorial experimental design for microplot tests
was used to determine the effects of each pathogen. In
1995, two inoculum densities of R. solani (0 and
0.01 gl500 cm3) and four Pi of M. javanica (0,5, 10,
and 50 eggs and J2/500 cm3 soil) were tes[ed. In
1996, three inoculum densities of R. solani (0, 0.01,
and 0.02 gl500 cm3) and four Pi of M. javanica (0,
10, 50, and 100 eggs and J2/500 cm3) were tested.
There were five replications of each [reatmem each
year.

Microplo[s were sampled [wice, once a[ 8 weeks
after plaming and again at crop maturity (140 days
after plaming) to estimate nematode population den
sities. A composite soil sample of eight cores, each
2.5 cm diam. x 25 cm deep, was collected from each
microplot. J2 were extracted from 500 cm3 of soil by
elutriation (Byrd el al., 1976) and cemrifugation
(Jenkins, 1964). Eggs were extracted from roo[ frag
mems collected during elutriation with 0.5 % NaOCI
(Hussey & Barker, 1973). Reproductive factors (Rf)
were calculated as midseason (Pm) or final (Pi) nema
tode population densities divided by Pi.

Peanuts were dug at 140 days after plaming,
air-dried, and the pods were harvested by hand. To

50010 50 100

Pi (eggs and J2/pot)

5
o

ô
0
0 3
~
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ëe
~
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as belonging to anastomosis group (AG)4 by compa
rison with isolates of known AG. Meloidogyne javanica
was ob[ained from po[ato in Texas, and was parasitic
on peanut (Abdel-Momen & Starr, 1997).

Meloidogyne javanica was reared on tomato (Lycoper
sicon esculentum) cv. Rutgers and eggs for inoculum
were ex[rac[ed from infec[ed roots with 0.5 % NaOCI
(Hussey & Barker, 1973). Rhizoctonia solani was
maimained on potato dextrose agar. Inoculum of
R. solani was prepared by growing the fungus on auto
claved oat grains for 15 days at 27 oc. Colonized oa[
grains were air-dried and then ground in a blender for
15 s prior to use as inoculum.

The effec[ of R. solani on reproduction of M. java
nica was determined in a greenhouse experiment
using a two x six factorial design. Two inoculum den
sities of R. solani (0 and 0.1 glpot) and six initial
population densities (Pt) of M. javanica (0, 5, 10, 100,
and 500 eggs/pot) were [es[ed. Thirty-cm-diam. pots
were filled with a loamy sand soil, infested with each
pathogen alone or combined. Seeds of peanut cv.
Florunner were germinated in moist paper towels and
one seedling was transplanted to each pot. To
estimate nematode reproduction, as number of eggs
per gram roots, eggs were extracted from infected
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estimate the percenrage of rotted pods, 100 pods were
selected randomly from the yield of each microplot
and examined for symptoms of pod rot. The percen
tage root colonization by R. salam' for each treatment
was determined in 1996. One hundred root segments
(each 1 to 2 cm long) were ta ken arbitrarily from the
roots of each microplot, rinsed with tap water, surface
sterilized with 0.5 % NaOCI for 1.5 min, rinsed with
sterilized water, placed in la cm diam. Petri dishes
conraining tannic acid-benomyl-agar medium, a
selective medium for R. salam' (Flowers, 1976), and
incubated at 27 oc. Percentage of peanut roots colo
nized by R. salani was estimated based on the number
of root segments from which colonies of R. salani
developed.

Data from differenr experimenrs were subjected to
analysis of variance using the general linear model
procedures of SAS (SAS Institute, Cary, NC 27511,
USA) ra determine the effects of treatments on nema
tode population densities, pod rot, root colonization
by R. salani, and pod yield. Mean separations were
made using Fisher's LSD.

Results

Rhizactonia salani did not affect the reproduction of
M. javanica at nemarade Pi of 5, la, or 50 eggs/pot,

Meloidogyne javanica-Rhizocronia solani on peanul

but at a Pi of 100 eggs/pot in greenhouse tests, the
final number of nematode eggs per gram roots was
greater (P ~ 0.05) in the presence of R. salani com
pared ra that in the absence of R. salani (Fig. 1). At a
Pi of 500 M. javanica eggs/pot, the final number of
eggs per gram roots was reduced (P ~ 0.0 1) by 98 %
in the presence of R. salani compared to that pro
duced in the absence of R. salani.

In microplot experimenrs, the midseason Rf values
of M. javanica were not affected (P ~ 0.05) by the
presence of R. salani (data not shown). At crop matu
riry, there was a general trend for Rf values to decline
with increasing Pi (Fig. 2). The effect of R. salani was
ra increase Rf, but this trend was significant only in
1996 (P ~ 0.05).

No symproms of pod rot were observed in plots not
infested with R. salani. The percenrage of pods with
symptoms of rot caused by R. salani was greater
(P ~ 0.05) in plots also infested with M. javanica than
in plots infested only with R. salani (Fig. 3), and was
positively related ra the M. javanica Pi in both years
(r 2 =0.86 for 1995 and r 2 =0.89 for 1996; P ~ 0.0 1).
An increase in the concentration of inoculum of
R. salani from 0.0 1 ra 0.02 g1500 cm3 did not affect
the percenrage of rorred pods in 1996 (P ~ 0.05).
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Fig. 2. EffeCl of roOl and pod rot caused by Rhizoctonia solani (Rs) on lhe reprodUClive factor (Rf) of Meloidogyne javanica 0/1 pean ut
in field microplots (Left: 1995. Right: 1996. Low Rs and High Rs =0.01 g and 0.02 g of inoculum per 500 cm] soil, respectively).
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Fig. 3. Effeec of inicial populacion densicies (Pi) of Meloido
gyne javanica on percemage pod rOI of peanue by Rhizocronia
solani (Rs) in field microplocs (Law Rs and High Rs = 0.01 g
and 0.02 g of inoculum per 500 cm] sail, respeccively).
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Colonization of peanut roots by R. solani also was
positively related tO M. javanica Pi (r 2 = 0.83;
P -:;, 0.0 1; Fig. 4), and visual examination of root seg
ments indicated that the fungal growth was concen
trated on and around root galls. The increase in
R. solani inoculum from 0.01 to 0.02 glSOO cm3 soil
did not affect the percentage of root colonized by
R. solani(P-:;' O.OS).

Both R. solani and M. javanica suppressed yield of
peanut (P -:;, O.OS) in 1995 and 1996 (Fig. S), and the
interaction of the two pathogens was significant
(P -:;, O.OS) in both years. A negative relationship
between M. javanica Pi and pod yield was observed in
both years (r 2 = 0.88 in 1995 and? = 0.86 in 1996j
P-:;' 0.01). In 1996, R. solani alone at 0.02 glSOO cm
soil caused greater (P -:;, 0.0 1) yield suppression than
that caused by 0.0 1 glSOO cm3 soil.

Discussion

The pathogenicity of R. solam' on peanut was con
firmed by fulfilling Koch's postulates. This is consis
tent with previous reports of other isola tes of R. solani
AGA causing limb (Bames el al., 1989) and pod rot
of peanut (Baird el al., 1993). Parasitism of peanut by
M. javanica (Tomaszewski el al., 1994; Abdel-Momen

& Starr, 1997), which is rare on peanuts in the United
States, also was confirmed.

As reported with other crops (Batten & Powell,
1971; Golden & Van Gundy, 1975; Sankarialingman
& McGawley, 1994; Walker, 1994), the combined
effects of M. javanica and R. solam' on yield of peanut
were consistently greater than the effects of either
pathogen alone. The synergistic nature of this associa
tion was most evident at the lower nematode Pi levels.
At the highest population densities of M. javanica and
R. solani, the damage by each pathogen alone was suf
ficiently large that no synergistic effect was observed.
Meloidogyne javanua also increased the peanut pod rot
and root colonization by R. solani. Colonies of
R. solani were most frequently observed to develop
from the gall tissue of peanut roots in the present
study. This observation was consistent with the
hypothesis of Golden and Van Gundy (197S) that
R. solani is more attracted to the gall tissue compared
with nongalled root tissues.

There was no consistent trend with regard to effects
of R. solani on the reproduction of M. javanica. Over
all, the Pi had a greater influence on final nematode
population densities than did the presence or absence
of R. solani. Premature senescence of peanut due to
combined infection by M. javanica and R. solani,
however, would be expected to limit total reproduc
tion by R. solani, as was observed in the Fusarium
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Fig. 5. Combined effeas of Meloidogyne javanica (Mi) and Rhizoctonia solani (Rs) on pod yield of peanUl in field microplolS (LefI:
1995. RighI: 1996. Low Rs and High Rs =0.01 g and 0.02 g ofinoculum per 500 cm3 soil, respec/ively).

wiltlroot-knot nematode complex of conon (Starr
etat., 1989).
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Summary - Changes in the population density of the cereal cyst nematode, Helerodera avenae, were monitored in four soils in
microplots for 10 years. For the first 4 years, half of the microplots were treated each year with drenches of formalin (38 %
formaldehyde) prior to sowing with susceptible cereals. Thereafter, plots were sown with susceptible or resistant spring barley
or ryegrass to manipulate the numbers of female nematodes and eggs produced each year. Mter the fourth application of
formai in, the densities of the nematophagous fungi, Nemawphlhora gynophila and Vérricillium chlamydospol'ium, were estimated
under each crop in untreated soi! and soil previously treated with the partial soil sterilant. Formalin significantly increased
nematode populations and reduced the densities of the nematophagous fungi in all soils. By the second year of formalin appli
cation, nematode population densities in all soils had increased to levels which caused crop failure in winter wheat; thereafter,
populations declined under spring barley unless applications of formalin were continued. Despite continuous cropping with
susceptible cereals, populations of the nematode were often not detectable in plots after the eighth year. Changes in the densi
ties of spores of the fungi in soil were closely related to changes in the numbers of nematodes. In soils previously treated with
formalin, the fungi had increased to levels similar to those found in naturally suppressive soils within 3 years of discontinuing
formalin application and population densities of the nematode had declined to the same levels as in untreated soils. © Orstom/
Elsevier, Paris

Résumé - Dynamique du déclin du nérnatode à kystes des céréales, Heterodera avenae, sur quatre sols mis en
culture intensive de céréales - Les changements affectant la densité de population du nématode à kystes des céréales, Hele
rodera avenae, ont été observés pendant 10 années dans des micro-parcelles contenant quatre types de sol. Pendant les
4 premières années, le moitié des micro-parcelles ont été traitées annuellement par un arrosage à l'aide de formol (38 %
d'aldhéhyde formique) précédant un semis de céréales sensibles. Les parcelles ont été ensuite ensemencées en orge de prin
temps, sensible ou résistant, ou en rye-grass de façon à estimer le nombre de femelles et d'oeufs produits chaque année. Après
la quatrième année de traitement au formol, la densité des champignons nématophages NemalOphlhora gynophila et Vérticiilium
chlamydosporium a été estimée pour chaque culture dans les sols non traités et dans ceux traités auparavant avec le produit
partiellement stérilisant. Le formol augmente les populations du nématode et diminue la densité des champignons némato
phages. A la deuxième année d'application de formol, la densité des nématodes s'est accrue dans tous les sols pour atteindre
un niveau provoquant une diminution de récolte chez le blé d'hiver; les populations déclinent ensuite sous orge de printemps
même si les applications de formol se poursuivent. Après la huitième année, malgré une culture continue de céréales sensibles,
les populations du nématode n'étaient souvent plus détectables. Les modification dans la densité des spores de champignon
présentes dans le sol sont étroitement liées aux changements dans le nombre de nématodes. Dans le sols traités auparavant au
formol, le niveau des champignons s'est accru pour atteindre des valeurs similaires à celles observées dans des sols naturelle
ment intolérants (= suppressive soils) au cours de 3 années sans application de formol, et les densités de population du néma
tode om diminué pour atteindre des niveaux similaires à ceux des sols non traités. © OrstomlElsevier, Paris

Keywords: Heterodem avenae, nematophagous fungi, NemalOphlhora gynophila, population dynamics, suppressive soils, Vern
ciltium chlamydospon·um.

In several countries, soils have been identified in
which the population densities of specifie plant para
sitic nematodes have declined under monocultures of
susceptible crops because nematophagous parasites
and antagonists have increased, in sorne cases, to den
sities which limit nematode multiplication (Stirling,
1991). The causal agents of this natural control have
been identified and include several species of nema
tophagous fungi and the bacterium Pasleuria pene
lrans. These parasites increased sufficiently to prevent

Fundam. appl. NemalOl. 1164-5571/98/05/ ~) OrslOmlElsevier, Pan's

the multiplication of cyst and root-knot nematodes,
respectively, within 3-5 years of continuous cropping.
Few detailed studies have been made on the popula
tion dynamics of nematodes and their natural enemies
in suppressive soils and there is a dearth of quantita
tive methods for estimating the numbers of nemato
phagous microbial parasites. In the laboratory, Jaffee
el al. (1992, 1993) have done pioneering research on
the quantitative relationships between both endopara
sitic and trapping fungi and their nematode hosts, and
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have provided much valuable information on the den
sity dependence of these interactions. In Florida, the
impact of P penetrans on the population dynamics of
Mel.oidogyne arenaria has also been studied on a range
ofcrops (Oostendorp et a!., 1991; Chen etaI., 1997).
This paper describes a 10-year study done in small
plots out-of-doors in which the population dynamics
of the cereal cyst nematode, Hecerodera avenae, were
investigated in four soils containing nemarophagous
fungi.

The decline of populations of H. avenae under
monocultures of susceptible cereals was first reported
in the VK (Collingwood, 1962) and is now a wide
spread phenomenon throughout northern Europe
(Kerry, 1982). Kerry et al. (l982a,b) demonstrated
that the suppression of nematode multiplication was
caused by the nematophagous fungi Nematophthora
gynophila and Tkrcicillium chlamydosporium which para
sitised female nematodes and their eggs in the rhizo
sphere. N gynophila prevented the formation of
nemarade cysts, which are the survival stage of the
nematode between crops, and V. chlamydospon'um
reduced fecundiry and the numbers of healthy eggs.
The partial soil sterilant forma lin (38 % formal
dehyde) applied as a soil drench resulted in increased
nematode multiplication (Williams, 1969) and was
demonstrated to reduce parasitism of cereal cyst
nematodes by parasitic fungi (Kerry et al., 1980,
1982b). Applications of formalin and the fungicide
Captafol have been used in the field ra estimate the
level of natural control exerted by these fungi (Stein,
1993).

NaturaJ control of cereal cyst nematodes has proved
the most sustainable method of nematode manage
ment in intensive agriculture but it is slow to establish
in soils and difficult to exploit. However, little is
known of the dynamics of the decline phenomenon.
The study described in this paper uses different crops
and formalin soil drenches to investigate the relation
ship between the population densities of the cereal

cyst nematode and its fungal parasites under intensive
cereal cropping in microplots.

Materials and methods

Soil from four sites (Table 1) was used at IACR
Rothamsted to fill 96 microplots (24 for each soil)
made from polypropylene cold water tanks (Osma,
Hayes, VK) which were 625 x 488 x 510 mm (length
x width x depth) in size and had five drainage ho les
(diam. 20 mm) drilled in their bases. The tanks were
buried in sand and ballast on a grave) base and the
area surrounded by a retaining wall. Each site had
been selected for its hisrory of intensive cereal crop
ping and ail had soils which were thin and free-drain
ing, Iying over chalk; each soil was naturally infested
with H. avenae and contained both N gynophila and
V. chlamydosporium. Three of the soils were calcareous
silt loams and the soil from the site at Sutton Veny
contained significant amounts of organic marrer; ail
soils were alkaline (Table 1).

For the first 4 years, 94 ml of formalin (38 % for
maldehyde) was applied to twelve of the plots of each
soil (48 plots in total) 3-4 weeks before the cereal crop
was sown (Table 2). The a?plication of formalin was
equivalent to 3000 L ha- , a rate demonstrated to
cause significant increases in H. avenae population
densities (Williams, 1969) and decreases in the den
siry of parasitic fungi (Kerry et al., 1980). The for
malin was applied in 3.5 L of water as a soil drench
to each plot. Before each spring barley crop, the
equivalent of 376.5 kg ha- 1 0:20:20 fertilizer with
188.3 kg ha- 1 Nitrochalk and 188.3 kg ha- l MgS04 ,

were applied to the seed bed; a second similar rate of
Nitrochalk was applied 6 weeks later. In the second
year of the experiment, win ter wheat cv. Maris Hunts
man was sown and received 376.5 kg ha-1 13:13:20
fertilizer in the seed bed and 100 kg ha- 1 Nitrochalk
in the spring. The perennial ryegrass received ferti
lizer applications in the spring at rates similar to that
applied to the barley crops. Ail cereal crops were sown

Table 1. CharaCleristics of the four soüs used in the microplolS (all shallow soils over chalk).

pH Soil type Soil texture (%)Site

Crux Easton 7.5
South Tidworth 8.1
Sutton Veny 7.9
Devizes 8.1

Silt Loam
Ca1careous silt
Calcareous humose silt
Calcareous silt

sand
2000-63 1lm

6.7
31.5
29.1
37.1

silt
63-2 1lm

73.3
54.8
58.3
53.2

clay
< 2 Ilm

20.0
13.7
12.6
9.7

H. avenae Funga! densi~'

(eggs g-l soil) (spores g--l soil)

Ng* Vc**

37 41 39
20 5 218
41 140 434
50 27 621

* Ng = NernalOphthora gynophila
** Vc = Verticilliurn chlamydosporium
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Table 2. Management of the four soi/s.

Year Crop* Treatment Date of forma tin application

formalin**1 s. barley (S) cv. Athos
1 w. wheat (S) cv. Maris Huntsman
3 s. barley (S) cv. Athos
4 s. barley (S) cv. Athos
5-8 s. barley (S) cv. Triumph; s. barley (R) cv. Tyra; Perennial ryegrass No formalin
9 s. barley (S) cv. Triumph; s. barley (R) cv. Vista; Perennial ryegrass
IDs. barley cv. Klaxon

2 March
16 September
13 March
15 February

* Spring (s) barley and winter (w) wheat, susceptible (S) or resistant (R) ta H. avenae.
** Formalin (38% formaldehyde) applied cumulatively ta half the plots of each soil. Years 1-4 and 10, ail plots sown with the
same cereal. Years 5-9 three crops were sown each ta one-third of the plots containing either untreated soil or soil previously
treated with formalin.

by hand in four rows 15 cm apart at seed rates equi
valent to 181.5 kg ha-li the ryegrass was broadcast at
33 kg ha- l . Pesticide applications were made as
required in accordance with manufacturer's instruc
tions. The microplots were grouped in fours with one
of each being filled at random with one of the four
soils; ail plots within each group received the same
treatment (formalin or untreated) and were sown with
the same crop. Although treatments were assigned at
random, each soil - crop - treatment combination was
represented within each block of 24 plots when three
crops were sown; in the first 4 years of the experi
ment, when a single crop was SOWll, each block
contained three replicates of each soil - treatment
combination. At each harvest, the two central rows of
each plot of cereais were eut at ground level and
removed for drying at 80 oC overnight; the grain was
removed and straw and grain weights at 15 % mois
ture content were estimated separately. The ryegrass
was eut each year but yields were not recorded.

Ten soil cores (2.5 x 15 cm) were removed at ran
dom from each plot at the time of preparing a seed
bed but prior to the application of formalin or, after
this treatment ceased, samples were taken from the
seed bed or the ryegrass sward in spring at the time
the barley crop was sown. The cores were bulked,
screened through a 4 mm aperture sieve, thoroughly
mixed and a 50 g subsample removed to determine
the moisture content. Soil was stored in sealed poly
thene bags at 4 oC for up to 4 weeks before they were
further processed for the extraction of nematode cysts
and fungal propagules. Cysts were extracted from
100 ml sub-samples of soil from each plot. The sub
samples were weighed and then washed through a flu
idising column (Trudgill el al., 1972) as modified by
Kerry (1975). The population densities of nematodes
were estimated in terms of the number of healthy eggs
g-l air-dried soil using standard methods (Southey,
1970). At the beginning of the fourth year and there
after, the resting spores of N gynophila and V. chlamy-
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dosporium were extracted from a 25 g sub-sample of
soil by the wet sieving - centrifugation method
described by Crump and Kerry (1981) and the num
bers of spores g-l air-dried soil estimated. As this
method was very time consuming, soil samples from
only half the experiment (two replicates from each
soil, crop and treatment) were processed; the same
two blocks of the experiment were used for the esti
mation of fungal population densities each year. At
the end of the experiment, estimates of the densities
of chlamydospores of V. chlamydosporium were com
pared with those of the densities of colony forming
units (cfu) of the fungus as assessed on dilution plates
of a semi selective medium (Kerry el al., 1993), a
method not available when the experiment was ini
tiated.

Results

In both treated and untreated soil, population den
sities of the nematode increased in the first year of
spring barley cv. Athos but decreased between year 2
and 3 when winter wheat cv. Maris Huntsman was
grown (Fig. 1). Population densities in untreated soil
were > 100 eggs g-l soil after the first year, but they
declined after the second year to densities of < ten
eggs g-l soil by the seventh year despite the continu
ous cropping of susceptible barley cultivars (Fig. 1).
After the first year of the experiment, nematode popu
lation densities were significantly greater (P"; 0.001)
in ail soils treated with formalin than in untreated
soils, and this effect persisted throughollt the expe
riment. However, after year 7, population densities
in ail soils were < two eggs g-J soil and differences
between treated and untreated soils were probably of
litùe biologieal significance. Nematode population
densities declined in ail plots after the fourth year,
when applications of formalin ceased; by the eighth
year, there was little difference between densities of
the nematode in untreated and previously treated soil
under ail crops. After year 8, the nematode was unde-
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Fig. 1. Changes in the mean densily (eggs g-I sail) of Here
rodera avenae on susceplible cereals in unlreaœd soiis and !hose
treaœd wilh formalin (0-----0 sail trea!ed wilh formalin;
..--. unlrealed sail).

Crop Treatment Year

5 6 7 8

Susceptible barley 34 20 12 1
+ 144 57 23 2

Resistant barley 26 3 1 0
+ 119 26 6 2

Ryegrass 34 8 3 1
+ 175 66 22 2

±SEDIFF 29.4 10.5 3.7 0.6

Means of sixteen replicates; four soils.

significantly larger in soil from Tidworth than from
the other sites and often sma11er in soil from Devizes
(Tables 5, 6). For the first two years fo11owing the last
formalin application, yields of barley from treated soil
remained significantly sma11er than those from
untreated soil but thereafter there was no effect of
treatment (Fig. 2); there were no significant inter
actions between this previous treatment and soil type
or cereal cultivar. Resistant barley produced greater
yields than those from the susceptible cultivar in a11
soils only in years 7 and 8 (Table 6). After year 8 when
nematode populations were sma11, yields of resistant
and susceptible barley were similar in a11 plots. Grain
yields were similar in a11 plots in the final year of the
experiment and the data are not presented; yields of
straw showed similar trends to those for grain and are
not included.

Sail Year

2 3 4
+ + + +

Crux Easton 42 33 183 252 53 140 78 196
South Tidworth 12 27 39 154 19 90 7 90
Sutton Veny 28 53 69 335 47 192 41 287
Devizes 50 49 91 274 71 200 61 261
Mean 33 41 96 254 48 156 47 208

±SEDIFF 5.7 19.9 14.6 11.1
NS *** *** ***

±SEDIFF 11.4 39.8 29.2 22.2
interactions NS ** NS ***

o Untreated sail (-) and sail treated with formalin (+).

Table 4. Decline of Heterodera avenae populalion densùies
(eggs g-I sail) under lhree crops in unlrealed sail (-) and sail
trealed (+) wùh formalin for the previous four years.

Table 3. Elfec! of annual pre-planling applualions of formalin
on the populalion densùies (eggs g-1 sail) of cereal CYSl nemalOde
in four soils.
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tectable in more than 60 % of the plots, even in plots
where susceptible cereais had been grown continu
ously, so statistical analysis was not used on data from
these last two years of the experiment. The population
trends were similar in a11 soils but nematode densities
were significantly sma11er in the soil from the Tid
worth site and were greatest in formalin treated soils
from Sutton Veny and Devizes (Table 3). At the time
of the second application of formalin, and again in
year 4, the differences in nematode population densi
ties in treated and untreated soil were significantly
sma11er in soil from Crux Easton than from the other
sites (Table 3). Rates of decline under susceptible bar
ley were significantly slower than under resistant bar
ley in both treated and untreated soil (Table 4); the
rate of decline under grass was similar ta that under
resistant barley in untreated soil but similar ta that
under susceptible barley in soil previously treated with
forma lin. Populations of the nematade decreased
most rapidly in untreated soils under resistant barley.

In the first 2 years, yields of neither spring barley
nor winter wheat (year 2) were affected by the soil
type or its treatment with formalin despite conside
rable differences in the densities of the nematode
(Table 5). However, in the second year, when nema
todes were most numerous, the yields of winter wheat
were very low in a11 plots and the crop failed. There
was a significant interaction (P ::; 0.00 1) between the
effects of treatment with formalin and soil type on
spring barley yields in years 3 and 4; in soil from
Devizes, the application of forma lin tended to
decrease yields whereas in soil from Tidworth, yields
were increased by the treatment. Spring barley yields
between the third and seventh years tended to be
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Table 5. Yields of spring barley cv. Alhos and winler wheal cv. Maris HlInlsman (year 2) in four soils infesled wilh cereal CYSI nemaLOde
and lrealed wùh formalin or lefl unlrealed.

+ Mean

Soil

Crux Easton
Soum Tidworm
SUltOn Veny
Devizes

Mean

±SEDIFF

±SEDIFF
interaction

4.45 4.25
4.98 4.75
4.07 4.69
4.43 4.72

4/48 4.60

0.22
NS

0.44
NS

4.35
4.87
4.38
4.58

0.31
NS

Year

2 3 4

+ Mean + Mean + Mean

2.50 2.12 2.31 4.24 4.03 4.14 3.63 3.21 3.42
2.52 1.86 2.19 3.87 5.52 4.70 4.77 5.57 5.17
2.67 2.75 2.71 4.02 4.36 4.19 4.26 4.56 4.41
2.71 2.57 2.64 3.89 3.69 3.79 4.80 3.63 4.42

2.60 2.33 4.01 4.40 4.36 4.24

0.17 0.24 0.16 0.22 NS 0.22
NS NS * ** ***

0.34 0.32 0.31
NS *** ***

Means of rwelve replicates.

Table 6. Yields of susceplible (S) and resislanl (R) cullivars of spring barley grown conlinuously in four soifs infesled wùh cereal CYSI

nemaLOde.

Soil Year

5 6 7 8 9

SO ROO Mean S R Mean S R Mean S R Mean S R Mean

Crux Easton 2.47 2.99 2.73 5.41 5.41 5.41 2.57 5.00 3.79 3.71 4.63 4.17 4.62 5.03 4.82
Soum Tidworth 3.94 3.51 3.72 5.53 4.15 4.84 4.04 4.79 4.41 4.26 4.49 4.38 4.93 5.00 4.96
Sutton Veny 2.63 2.74 2.68 5.67 4.46 5.06 2.37 3.52 2.94 4.25 4.62 4.44 4.91 5.38 5.15
Devizes 2.51 2.81 2.66 4.38 4.21 4.30 2.89 4.59 3.74 4.42 4.90 4.66 4.60 4.59 4.59

Mean 2.89 3.01 5.25 4.56 2.97 4.47 4.16 4.66 4.77 5.00

±SEDIFF 0.25 0.35 0.34 0.47 0.30 0.42 0.20 0.29 0.26 0.37
NS ** * NS *** * * NS NS NS

o cv. Triumph except year 7 when cv. Georgie was grown.
00 cv. Tyra except year 9 when cv. Vista was grown.
Means of four repJicates.

At the beginning of the fourth year, the numbers of
spores of both N gynophila and V. chlamydosporium
were significantly fewer (P":; 0.001) in soils treated
with forma lin for four years than in untreated soil
(Table 7). N gynophila and V. chlamydosporium were
most abundant in untreated soils from Sutton Veny
and Devizes, and least common in soils from
Tidworth and Crux Easton. In general, as nematode
populations declined under susceptible barley both in
soils previously treated with formalin and in untreated
soils, there was a tendency for spore numbers in soil
to increase (Fig. 3). However, the spore densities in
soil previously treated with formalin appeared to
increase erratically, especially those of N gynophila,

Vol. 21, no. 5 - 1998

although in years 7 and 9 even in these plots the den
sities were similar to or greater than those in untreated
soil in year 5 (Fig. 3). Between years 5 and 9, spore
densities of both fungi increased under susceptible
barley both in soils previously treated with formai in
and in untreated soils (Table 8). However, under
resistant barley and ryegrass, which supported few
nematodes, the spore densities declined in untreated
soil and failed to increase in treated soil. Although
there were significant differences (P":; 0.001) between
the densities of spores in the different soils, the effects
of crop and treatment with formalin were similar in
each and the data are not presented separately. The
relationship between estimates of the densiry of
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Year

Fig. 2. Mean yields (t ha-') of spring barley in soils previously
treated with formafin (grey) and ltntreated sail (black).
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Table 7. Demitles (spores g-' sail) of Nematophthora gyno
phila (Ng) and Verticillium chlamydosporium (Vc) at the
beginning of the fourth year in four untreated soils (-) and those
drenched each year for four years with formalin (+).

Soil Treatment Fungus

Ng Vc

Crux Easton 41 39
+ 2 9

South Tidworth 5 218
+ 3 78

Sutton Veny 140 434
+ 46 231

Devizes 27 621
+ 2 85

Mean 53 324
+ 13 100

SEDIFF 8.7 29.7

***
Means of six replicates.
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Year

V chlamydosporium based on the physical extraction of
chlamydospores and that derived from the numbers of
cfu developing on the selective medium was examined
for the last sampling only. The effect of formalin on
the densiry of cfu in soil was similar to that for spores
and data for this comparison are not presented. How
ever, chlamydospores formed a significantly greater
proportion of the total number of cfu in soil from
Devizes than in soil from Crux Easton and differences
in the density of the fungus in each soil based on esti
mates of the numbers of spores are not consistent
with those based on cfu (Table 9); soil from Devizes,
which consistently contained the greatest densities of
chlamydospores, often had the smallest numbers of
cfu. Although there were similar numbers of cfu
under the three crops, chlamydospores were most

Year

Fig. 3. Changes in the mean numbers (eggs g-' soil) of cereal
cyst nematode (A) on susceptible barley and demities of resting
spores of Nematophthora gynophila (B) and Verticillium
chlamydosporium (C) in sail previously l1'eated with formalin
and untreated sail (Mean nematode counts from sixteen repli
cates; mean spore coums /rom eight replicales; 0-----0 sail pre
viously treated with formalin; .--. untreated sail).

abundant (P:<::; 0.05) in soil under susceptible barley
(Table 9).
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Table 8. Densities (spores g-l soil) of Nematophthora gynophiJa and Verticillium chlamydosporium after one and four years under
differenc crops in soit previously lreaced wùh formalin and in uncreated soil.

Crop Treatment NemalOphlhora gynophila Vercicillium chlamydosporium

Year 5 Year 9 Year 5 Year 9

Count Mean Count Mean Count Mean Count Mean

Barley - S 27 63 401 511
20 54 266 386

+ 12 44 131 260
Barley - R 59 29 374 157

38 23 224 119
+ 16 16 73 81

Ryegrass 54 20 204 147
34 15 133 103

+ 14 10 61 58

SEDIFF 7.6 5.4 13.3 9.4 66.6 47.1 52.9 37.4
*** ** NS *** *** * *** ***

Means of eight replicates.

Table 9. Differences in lhe numbers of colorry forming unùs
(cfu) and chlamydospores (chlam.) of Verticillium chlamydo
sporium in four soifs after five years of lhree crops.

cfu chlam. cfu chlam. cfu chlam.

Crux Easton 2242* 247 10:>4 37 2333 119
South
Tidworm 1504 979 2596 270 4879 191
Sutton Veny 5496 1208 4963 371 6500 446
Devizes 1583 1620 1488 373 1257 830

Mean 2706 1013 2525 263 3742 396

SEDIFF (crop vs ± 493
propagule) (P ~ 0.05)

SEDIFF (soil vs ± 427
interaction propagule) (P ~ 0.01)

Discussion

After partial soil sterilisation with formalin, popula
tions of the cereal cyst nemarode built up to very large
densities in the four soils, and in individual plots
populations> 600 eggs g-l soil were recorded. How
ever, there were differences between the soils in their
ability to support the multiplication of the nemarode,
and populations in soil from the Tidworth site were
significantly smaller than those in soil from elsewhere.
In the second year, when nemarode populations were
at a peak in ail soils, the winter wheat crop failed and

Means of four replicates.

* Numbers of propagules g-I soiL

a mean yield of only 2.47 t ha- i was obtained. Wheat
is more susceptible to damage than barley (Gair,
1965) but winter wheat is a relatively poor host for the
nemarode and post-crop population densities were
smaller than those observed following barley. In the
third year of the experiment, yields of spring barley
were larger in formalin treated soil than in untreated
soil despite the differences in the numbers of nema
todes. This effect was dependent on the soil and may
indicate that in soil from Tidworth and Sutton Veny
formalin was affecting other factors than the nema
rode, such as soil nutrient availability or soil borne
fungal pathogens, which were limiting crop yields.
However, by the fifth year, yields of barley were on
average 27 % smaller in formalin treated soil in which
the nemarodes were more numerous, than in
untreated soil; this effect was reduced to 3 % by year 8
when populations of the nematode were similar and
very small in both treated and untreated soil. The dif
ferences in mean yield observed between treated and
untreated soil may also be related to the change of
barley cultivar after year 4; cv. Athos may be more
tolerant of nemarode attack than the other cultivars
used.

In untreated soil from each of the four sites, the
nemarode populations declined, even under conti
nuous susceptible cereal crops and the nematode was
often undetectable in many plots after the eighth crop,
despite the intensive soil sampling procedure used.
However, when these same soils were treated with a
partial soil sterilant, the nematode was capable of mul
tiplying ro densities which severely reduced yields and
these damaging populations were maintained when
repeated applications of the formalin sterilant were

RyegrassResistant
barley

Susceptible
barley

Soil*
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made. It is c1ear that the soils and susceptible cereal
cultivars used were capable of supporting large nema
tode populations and that a soil facror(s) removed by
the formalin was limiting nematode populations.
These results confirm earlier observations in which the
decline of H. a-venae populations under inrensive
cereal production has been reported (Kerry, 1982).
Several workers have associated this decline with the
parasitism of adult female and egg stages of the nema
tode (Kerry, 1982; Schonhammer & Fischbeck,
1985).

Estimations of the numbers of nematodes parasi
tised by fungi and the impact of these natural enemies
on the population dynamics require intensive,
destructive sampling (Kerry el al., 1982b,c) which was
inappropriate for the smal! plots used in this long
term study. Hence, the activities of the fungi were
estimated by measuring changes in the densities of the
resting spores of the two main causal agenrs of the
decline phenomenon, N. gynophila and V chlamy
dosporium. Although it had proved difficult to relate
changes in densities of resting spores of these fungi
with the levels of parasitism of the nematodes in a sin
gle growing season in field trials at three sites (Kerry
el al., 1982c), it was possible to detect significant dif
ferences between the numbers of spores found in sup
pressive soils and those in which the nematode
multiplied (Crump & Kerry, 1981). In this study, in
which plots were sampled only annually but more
inrensively than in previous field trials, it was possible
to demonstrate that applications of formaI in signi
ficanrly reduced the numbers of spores of both
N. gynophila and V chlamydosporium in each of the
four soils and that large nematode infestations were
associared with smal! spore densities and smal! nema
tode populations with large spore densities. Also, in
the absence of further formalin applications over a
4-year period, the numbers of spores of both fungal
species increased in al! soils where there were nema
tode females and eggs on susceptible barley crops, but
the numbers of spores decreased under resistant bar
ley or ryegrass on which these nematode stages were
scarce or absent. Thus, it was possible to relate
changes in the densities of the nematode with those of
the fungi as estimated by the numbers of spores in
soil. The densities of spores found in the untreated
soils of year 4 and in the previously formalin treated
soils by year 7 were similar to those reported from
known suppressive soils (Crump & Kerry, 1981 i
Kerry el al., 1982a). However, the size of soil sample
(25 g) and the processing method used appeared not
to be sufficienrly sensitive to estima te reliably changes
in the annual density of these fungi. Although general
increases in the numbers of spores in soil under sus
ceptible barley were observed as nematode popula
tions declined, there was much variation in the
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estimates of fungal densities in samples taken from the
same soil in the same year and in estimates between
years. AJso, in the case of V chlamydosporium, the use
of the selective medium demonstrated that the fungus
was much more abundanr in sorne soils than was indi
cated by counrs of the chlamydospores alone. Isolates
of V chlamydosporium differ in their ability to produce
chlamydospores in -vitro (Kerry el al., 1986) and may
also differ in this ability in soil. Also, the selective
medium may differ in its efficacy in estimating the
abundance of the fungus in differenr soils (Kerry
el al., 1993); although there is a general positive and
Iinear relationship between the abundance of cWamy
dospores in soil and the densities of propagules of the
fungus, there is much variation between soils (Kerry
el al., 1993), which makes it difficult to inrerpret
detailed observations on changes in fungal abun
dance. Inrerestingly, chlamydospores not only formed
a greater proportion of the total numbers of pro
pagules in sorne soils, such as that from Devizes com
pared to that from Crux Easton, but they were also
significanrly more abundant in soils under susceptible
barley than under resistanr or poor hosts for the
nematode. The fungus may depend on the nematode
to produce its resting structures in large numbers and
ensure its long term survival in soil.

Changes in the densities of resting spores of both
the obligate parasite, N. gynophila, and the facultative
parasite, V chlamydosporium, were c10sely associated
with changes in the densities of the nematode in soil
not treated with formalin. Populations of the nema
tode declined to densities which did not affect the
yield of toleranr crops in 4 years and the two species
of nematophagous fungi increased, within 3 years, to
levels previously reported to be associated with the
decline of the nematode (Crump & Kerry, 1981). The
rates of decline of the nematode under resistanr barley
and ryegrass were similar to those reported elsewhere
(Gair, 1965; Gair el al., 1969); but it was not possible
to demonstrate a positive density dependenr effect of
the fungi on nematode populations as has been
observed by Jaffee (1992), who found that the weakly
saprophytic fungus, Hirsulella rhosszliensis parasitised
few nematodes at low densities and exerted little
population conrrol unless nematode hosts were abun
danr. In our srudies, the estimates of fungal densities
may have been too variable for the detection of den
sity dependence; indeed, Jaffee's research was done in
smal! microcosms to avoid such variation in sampling.
Although the numbers of spores of both fungi were
associated with changes in the density of H. avenae, it
might be expected that parasitism by the obligate
parasite N. gynophila would show greater density
dependence on the host than V chlamydosporium,
which may grow saprophytically in soil. The latter
species was the more prevalenr in the soils used in this

Fundam. appl. NemalOl.



experimeor and populations of H. avenae declined
more slowly in the years in which the nematode was
abundaor compared to those when the populations
were smaller « twenty eggs g-l soil). This study has
provided further evidence of the decline of popula
tions of H. avenae under susceptible cereal crops and,
for the first time, has provided information on the
associated dynamics of the nematophagous fungi
which cause this phenomenon. Changes in the densi
ties of the nematophagous fungi to levels which were
associated with significaor reductions in H. avenae
populations appeared to take 3-4 years, even in soils
where the fungi were established. Ir remains to be
seen whether the speed of such changes can be
increased by applications of selected isolates of these
fungi to provide a more easily managed strategy for
biological coorrol.
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Summary - Damage due to Meloidogyne incognica on tomato (cv. Moneymaker) growing in large potS (3.65 kg dry soil) was
related to initial population density (Pl). Damage was assessed after 42 and 135 days and only me highest Pi used (20 viable
eggs/g soil) caused a statistically significant decrease in growth at both harvests. After 135 days, growth was also decreased
significantly by Pi =0.8 and 4.0 eggs/g soil. The decrease in growm was proportionally much greater after 135 days man after
42 days, as was reflected by me estimated values of m (me minimum yield), T (me tolerance limit) or z (a constant close to 1.0
which reflects me damage caused by a single nematode or where several generations are involved, ail its progeny). The increased
damage after 135 days was associated wim a greatly increased fmaJ population density (Pf) of M. incognica. The greatest
increase in population density (Pf/Pi = 273) occurred at the lowest effective initial population density used (Pi = 0.03 eggs/g
soil), but me greatest final popuJation (Pf= 90 000 nematodes/pot) occurred with Pi =0.16 viable eggs/g soil. The effects on
tomato growm of drought and of M. incognica were additive, and both decreased stomatal conductance. However, neimer
affected me l3C discrimination in either upper or lower leaves, but me percentage of N in the leaf dry matter was greater in
infested man uninfested plants. © OrstomlElsevier, Paris

Résumé - Dynamique des dommages causés à la tomate par Meloidogyne incognita - Les dommages causés par
Meloidogyne incognica à des tomates cv. Moneymaker poussant dans des pots de grande taille (3,65 kg de sol sec) ont été mis
en relation avec la densité initiale de la population du nématode (Pl). Les dommages sont estimés après 42 et 135 jours de
culture: seule la Pi la plus élevée (20 œufs viables/g de sol) cause une diminution statistiquement significative de la croissance
aux deux dates de récolte. Après 135 jours, la croissance est également significativement diminuée par des Pi de 0,8 et
4,0 œufs/g de sol. La diminution de croissance après 135 jours était proportionnellement beaucoup plus forte qu'après 42 jours,
ainsi qu'il l'était indiqué par les valeurs estimées de m (récolte minimum), T (limite de tolérance) et z (une constante proche
de 1,0 reflétant les dommages causés par un seul nématode ou, dans le cas de plusieurs générations, par la totalité de sa descen
dance). Cette augmentation des dégâts après 135 jours est associée au très fort accroissement de la population finale (Pf) de
M. incognica. La plus forte augmentation de la densité de population (PflPi = 273) se rencontre aux densités efficaces les plus
faibles de la population initiale (Pi =0,03 œuf/g de sol), mais la population finale la plus élevée (P/= 90 000 nématodes par
pot) résulte d'une Pi = 0,16 œufs viables/g de sol. Les effets de la sécheresse et de M. incognica sur la tomate s'additionnent et
l'une et l'autre diminuent la conductivité des stomates. Cependant, ni l'une ni l'autre n'affectent la discrimination du 13C entre
feuilles inférieures et supérieures; toutefois, le pourcentage de N dans la matière sèche des feuilles est plus élevé chez les
plantes infestées que chez les témoins. © OrstomlElsevier, Paris

Keywords: Drought, host status, Meloidogyne incognica, modelling, stable isotopes, stomatal conductance, tolerance, tomato,
water relations.

Several equations have been used to describe the

relationship between crop yields and the initial popu

lation density of nematodes (Pl) with a single gener

ation per year, such as potato cyst nematode (peN or

Globodera spp.). These include a log linear model

suggested by Oostenbrink (1966):

y = a + b (log Pz) ( 1)

with four parameters: Ymax - the expected yield in the
absence of nematodes; T - the 'tolerance' limit, the
threshold for Pi below which no damage occurs; z 
the rate at which the increasing Pi decreases expected
yield; and m - the ratio of minimum yield at high val
ues of Pi and the maximum value when Pi = O. Later
Seinhorst (1986) used a modified version of equation
(2) based on a number of experiments where he had
observed that zT =0.95, thus giving

where Y is the expected yield for a given value of Pi,
and the exponential model of Seinhorst (1965):

{Y= Ymax [m + (1 - m)J'i- T] if Pi> Tand
y = Ymax if Pi> T} (2)

{Y =Ymax [m + (1 - m)O.95(PiIT- 1)]

if Pi> T and Y = Ymax if Pi = T} (3)
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Elston el al. (1991) proposed an inverse linear model
which has two parameters. Whilst the log-Iinear and
inverse Iinear models are descriptive, that of Seinhorst
(1965) includes the concept of a tolerance Iimit (7),
and of a minimum yield (m). The value of m is
expressed as a proportion of the nematode-free
growth and depends on several factors, including the
amount of growth achieved during the initial delay
before nemarade attack started. The longer the delay
(or the larger the planting material), the greater the
growth before attack and the greater the value of m
(Seinhorst & Kozlowska, 1977; Seinhorst, 1995).

The Seinhorst equation has also been used to model
damage by nematodes with several generations per
growing season. Duncan and Ferris (1983) modelled
the effects of the root-knot nematodes Meloidogyne
javanica and M. incognita on the growth of cowpea cv.
Californian Blackeye No 5 and showed that damage
was greater with the M. javanica than with M. inco
gnita for which the cowpea was a poorer host. McSor
ley el al. (1992) found that the effect of M. arenaria on
the yield of peanut could be effectively modelled using
the Seinhorst equation but observed values of T as
low as 0.01 eggs/cm3 soil, and recently Di Vito el al.
(1997) obtained a low estimate of T (0.13 eggs/cm3

soil) for kenaf growing in microplots and attacked by
M. incognita. In contrast, Vrain (1982) found that
damage to carrots by M. hapla cou Id not be satisfacto
rily modelled by the Seinhorst equation.

Seinhorst (1995) simulated up to three generations
of Heterodera avenae by applying the inoculum at sow
ing and/or once or rwice at later dates. Except at the
highest inoculum densities (more than 14 eggs/g soil),
the relative weights of oat plants after 97 days growth
were found ro be the products of the relative weights
that would have been obtained after single inocul
ations on the same dates. The greater sensitiviry to
additional damage observed with the most heavily
infested plants was attributed ra their development
being retarded and to the effects of the 'second mech
anism of damage'.

The severity of crop loss resulting from root-knot
nemarode attack is influenced by environmental fac
tors. Various authors (Niblack el a!., 1986; Windham
& Barker, 1986; Barker & Noe, 1987; Barker &
Weeks, 1991; McSorley el al., 1992) showed that
damage by root knot nemarades is influenced by host
crop and cultivar, by soil type and by the year in
which the experiment was done. Understanding how
the effects of the nematode and of the environment
might interact depends on understanding how the
crop is damaged by the nemarode. Drought coupIed
with infection of roots by po taro cyst nematodes
decrease leaf water potentials (Haverkort el a!., 1991)
and the rwo can interact to further decrease yield.
Similarly, O'Bannon and Reynolds (1965) reported
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that mild water stress decreased water consumption of
cotton plants infected with M. incognita much more
than that of uninfected plants and Meon el al. (1978)
reported that M. javanica infection increased the suc
tion pressure in tomato roots, especially when soil
water was restricted, without greatly affecting transpi
ration. Rahi el al. (1988) observed that both M. inco
gnita and M. javanica increased water stress within the
leaves of robacco and greatly decreased the efficiency
of water use per gram of dry matter produced and
Wheeler el al. (1991) found that the effects on the
yield of robacco of drought and of M. incognita were
additive. Meon el al. (1978) proposed that damage by
M. javanica to romaro involved disruption of the
xylem within the galls and, consequently, increased
water stress in infected plants. Ir seems likely, there
fore, that the availabiliry of soil water may be one of
the environmental factors that could influence the
relationship between yield and nemarode density.

A recent survey involving countries in east and west
Africa, in the Caribbean and South America sugges
ted that damage by root knot nemarode was wide
spread and severe in crops of tomato grown by local
farmers (average gall indices of 5 ra 6, on a 1-10 scale;
Triviiio, unpubJ.). Ir appears that, in general, it is the
good hosts for root knOt nematodes which are most
severely damaged. The main objective of the expe
riment reported here was to test the hypothesis that
on a good host (tomato) initially non damaging popul
ations of M. incognita can multiply so greatly that they
become damaging later in the growing season. The
experiment also examined the effects of M. incognita
on the water relations of tomaro and the interaction
with drought.

Materials and methods

A single ex~eriment was done in large pots (23 cm
diam, 5.4 dm ) in a glasshouse with heating and vents
set at 26°C during the day and 22°C at night. The
effects on the growth of well-watered susceptible
tomato cv. Moneymaker of six population densities of
M. incognita were determined and compared at three
of those population densities with the effects on plants
which were partially subjected ra drought. Plants (five
replicates) were harvested 42 days and 135 days after
inoculation so as to be able to compare the effects on
growth early in the growing season with those that
occurred later.

To produce the inoculum, 4-week-old tomaro plants
cv. Moneymaker were transplanted into 15 cm diam.
pots filled with a peatlsand mixture and infected with
chopped roots containing egg-masses of M. incognita.
The pots were maintained at 25-26°C in a glasshouse
for 2 months, after which the infected roots with
egg-masses were c1eaned of debris, cut in 2 to 5 cm
long pieces, and then stirred for 4 min in 1% NaOCI
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solu tion at 23 oC to release the eggs (Hussey & Barker,
1973). The suspension of eggs was collected on a
38)..1m mesh sieve and quickly washed several times
with tap water. As sorne eggs are killed during extrac
tion with NaOCI (Ehwaeti el al., 1998) a hatching test
was performed to determine the proportion of hatch
able eggs.

The pots were inoculated with 360 ml of egg sus
pension during filling with 3.8 kg (3.65 kg dry weight)
of sterilised, moist, mechanical1y mixed soil (40%
peat and 60% sand). Six densities of M. incognita (0,
160, 800, 4000, 20000, 100000 eggs/pot; equiva
lent to 0.0, 0.044, 0.22, 1.1,5.5, and 27.4 eggs/g dry
soil) were applied and mixed in by hand during fIlling
to try to ensure that the eggs were distributed
throughout the soil. Each pot was placed in a saucer
and a 2-cm layer of polythene granules added to the
surface to prevent water loss. The pots were watered
to 33% moisture and 3 days later planted with a
tomato seedling with two true leaves. There were ten
replicates of each treatment.

A further ten replicates inoculated with 0, 4 000, or
100000 eggs/pot received the reduced watering treat
ment (drought). These pots were initially watered to
22% moisture. Two pots without tomato plants were
used to estimate water losses from the soil surface.

The pots were watered to a standard weight (pro
gressively adjusted to allow for the estimated increase
in plant weight) equivalent to 30 and 20% moisture
for the well-watered and drought-subjected, respect
ively. The amounts of water added to each pot were
recorded. The well-watered plants were watered when
they had used more than 200 g of water, but the
drought-subjected plants were not watered until they
showed signs of wilting. The frequency of watering
depended on water use, so that smaller plants with
lower transpiration rates were watered less frequently
than larger plants

The pots were randomised within ten blocks that
were rotated and plants re-randomised each week to
try to ensure each pot experienced a similar environ
ment. Fertiliser was added weekly as a liquid feed
(Vitafeed III; N 19%, P20 S 19%, K 20 19%), a bal
anced feed, suitable for a wide range of plants and
conditions. The plants were sprayed twice with Ben
late and Calixin to control powdery mildew.

Five blocks were harvested 42 days after planting
(first harvest) and the remaining five blocks after
135 days (second and final harvest). At each harvest
the plant height and fresh and dry weight of the tops
were determined. The roots were washed free of soil
and the numbers of galls counted (first harvest), or
scored on a 1-5 scale (second harvest). The nema
todes per root system were determined by staining the
whole root system (first harvest), or 10% of the
chopped and mixed root system (second harvest),

Vol. 21, no. 5 - 1998

Dyl1amics of damage 10 IOmalO by Meloidogyne incognita

with acid fuschin in lac tic acid. The roots were exam
ined in glycerol (first harvest) under a stereomicro
scope, or after biending in 150 ml water for 30 s at
low and then high speed (second harvest), and the
numbers of nematodes present and stages of develop
ment determined.

The effects of M. incognita and of drought on water
relations were determined once a week between
13-16 h over 15 weeks by measuring the stomatal
conductance (gs) on the abaxial and adaxial side of
the upper leaflet of the youngest full-grown leaf of
every plant using a diffusion porometer (MIO,
Delta-T Devices Ltd, Cambridge, UK). In addition,
immediately before the final harvest, two leaves were
taken from each plant. One came from the lower part
of the plant (the ninth leaf) and one from the upper
part (the fourth leaf) counting from the top of the
plant. The leaves were dried at 80°C for 48 h, ground
to a fine powder and sub-samples of 1 mg were com
busted, and the resulting CO2 was analysed for the
relative abundance of I3C and 12C, the ratio of which
is thought to reflect stomatal conductance (Farquhar
el al., 1982). The ratios of 13C /12C of the samples
were expressed as 130C (per thousand); the carbon
isotopic composition was determined in 1 mg samples
relative to Pee Dee Belemnite standard (I3oC) using a
ratio mass spectrometer (Europa Scientific, UK).
During the carbon analysis, the percentage of N and
its isotope composition were also determined.

Results

In the hatching test, 73% of the eggs hatched and
this is assumed to reflect the true level of viabiliry. The
effective inoculum densities were, therefore, 0.0, 0.03,
0.16,0.80,4.0, and 20.0 viable eggs/g dry soil. These
are the values used hereafter.

At the first harvest, the numbers of galls and es ti
mated numbers of nematodes per root system and
per g root progressively increased with inoculum den
sities up to 4.0 viable eggs/g soil, but slightly
decreased with 20 eggs (Table 1). Percentage invasion
was low throughou t; ranging from 4.9 % with the low
est inoculum density to 0.7% of viable eggs with the
highest inoculum densiry. The numbers of galls and
the total numbers of nematodes were slightly lower in
the drought treatments compared with the corre
sponding well-watered plants but the differences were
not significant.

After 135 days, the greatest number of nematodes
was produced by plants inoculated with 0.16 eggs/g
soil and the greatest number per g root by those inoc
ulated with 0.8 eggs (Table 1). The highest inoculum
density (20 eggs/g soil) produced plants with the
smallest root systems (Table 2) and the fewest nema
todes at the second harvest. The reproduction rate
(final populationlinitial population [PflPl]) progres-
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Table 1. Number of galls or gal! index and numbers of nemaLOdes per pIani or peT pOl 42 and 135 days afleT plaming.

Eggs, Pi Viable/g First harvest (42 days) Second harvest (135 days)
Per pot

Number of galls Nurnber of Gall index * Total nematodes Pt/Pi
nematodes/plant per pot (P!)

Females J2

Well watered
0 0.00 0 0 0 1.0 0 0

160 0.03 5 4 1 2.2 43642 273

800 0.16 16 13 3 3.6 90052 113

4000 0.80 89 81 11 3.2 78892 19.7

20000 4.00 531 512 54 2.6 16 221 0.81

100000 20.00 486 487 45 2.7 11 015 0.11

Drought-subjected
0 0.00 0 0 0 1.0 0 0

4000 0.80 63 58 7 3.2 74204 18.6

100000 20.00 427 416 35 2.8 19680 0.2

LSD 5% 167 188 36 1.0 47939

ResuJts are means of five replicates.
*On a 1-5 scale.

Table 2. Growlh of IOmaLO planlS 42 days afler planàng.

Pi Number Plant height Fresh weight % dry matter Shoot
Viable eggs of leaves (cm) (shoot only) to root
per g soil ratio

Shoot (g) Root (g) Total (g) Shoot
(dry weight)

(g)

Weil watered
0.00 16.2 55 90 4.4 94.4 9.4 10.4 21

0.03 15.4 55 85 4.3 89.3 9.8 11.6 20

0.16 15.8 56 89 5.0 94.0 9.7 10.9 18

0.80 16.6 57 79 3.4 82.4 9.2 11.5 23

4.00 16.0 55 77 3.8 80.3 8.8 11.5 20

20.00 14.0 42 57 4.1 63.1 7.8 13.6 14

Drought-subjected
0.00 14.8 48 62 2.6 64.6 7.0 11.3 24

0.80 14.6 48 58 2.4 50.4 6.4 11.1 24

20.00 14.0 34 37 2.7 39.7 4.1 11.8 13

LSD 5% 4.8 12 27 1.5 28.3 2.4 1.3 6.2

Results are means of five plants.
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sive!y decreased from x 273 at Pi =0.03 eggs/g, to
x O. Il at Pi =20 eggs/g soil for well-watered plan ts
and x 0.20 for the equivalent drought-subjected
plants (Table 1). When the mean numbers of nema
rodes per plant at first harvest were used as the Pi,
then the reproductive rate increased ro x 8728 for the
plants inoculated with 0.03 eggs and to x 21 for those
with 20 eggs/g soil.

At the first harvest, compared with the uninfected
control plants, only the highest inoculum density
(20 viable eggs/g dry soil) affected plant growth; mean
plant weight, shoot fresh weight, total fresh weight
and the root/shoot ratio were all significantly
(P:O; 0.05) decreased (Table 3). Leaf number was not
significantly affected, but height was decreased
(P:O; 0.05), indicating that internode length had been
decreased. It was calculated that the highest inoculum
density also decreased leaf size; a mean of 4.1 g of top
weight per leaf for the most heavily infested plants
compared with 5.6 g per leaf for the uninfected
control plants. The highest inoculum density signifi
cantly increased percentage dry matter in the shoot
(Table 3).

At the second harvest (Table 2), shoot fresh weight
and numbers of fruit and total fresh weight were sig
nificantly (P:O; 0.01) decreased by the three highest
inoculum densities (0.8, 4.0 and 20.0 eggs/g soil).
The shoot/root ratio was also significantly (P:O; 0.05)
decreased with 0.16, 0.80, and 4.0 eggs/g soil. How
ever, compared with the uninoculated plants, the low
est inoculum density (0.032 eggs/g soil) significantly

Table 3. GrOWlh of IOmalO plants 135 days afler plaming.

Dynamics of damage lO lOmalO by Meloidogyne incognita

(P:O; 0.05) increased shoot and root fresh and total dry
weight.

Using equation (1), the relationship between total
plant weight as a percentage of the uninoculated value
at the first harvest against inoculum density (log vi
able eggs/pot) was examined and showed (Fig. 1) a
significant negative, log-linear relationship (P:O; 0.05)
accounting for 68% of the variance.

y =- 10.SS(log Pl) + 123

At the second harvest there was a much greater
negative, linear relationship (P :0; 0.0007, variance
accounted for 98%) berween log Pi and total fresh
weight as a percentage of the uninoculated (Fig. 1).

y = - 38.07(log Pl) + 199

It could be argued that six data points are insuf
ficient ro fit the Seinhorst equations, but nonetheless
an attempt was made ro estimate the parameters in
equations (2) and (3) (Table 4). Parameters were esti
mated using maximum likelihood in the statistical
package GENSTAT (Payne el al., 1987). Simul
taneously estimating ail four parameters in equation
(2) proved difficult without fixing the estimates of at
least rwo of them. Equation (3) presented no difficulty
in estimating all parameters simultaneously and
described the data more effectively than equation (2)
(Fig. 2). For the first harvest the mode! accounted for
86.2% of the variation and for the second harvest

Pi Plant height Fresh weight Dry weigth Shoot
Viable eggs per g (cm) shoot + fruit to rOot
soil Shoot (g) Root (g) Fruit (g) Total (g) (g) ratio

Weil watered
0.00 124 232 53 107 391 43 4.4

0.03 131 302 90 69 461 51 3.4

0.16 119 183 91 84 388 39 2.0

0.80 115 157 68 30 255 40 2.3

4.00 103 71 32 30 132 28 2.3

20.00 91 55 14 0 69 19 3.9

Drought-subjected
0.00 109 199 45 36 280 35 4.4

0.80 99 139 58 22 219 28 2.5

20.00 69 28 9 0 37 10 3.2

LSD 5% 12 27 22 45 82 6.3 2.0

Results are means of five plants.

Vol. 21, no. 5 - 1998 631



M. E. Ehwaell et al.

100JO1
ViAble eggslg soil

• lSl bar"'CSI

l>. +walerslr~s

• 2nd barvesl

0+ wnlcr slress

0.1

1.2

1.0

0.8
"0
-,;
';.
0 0.6-
~

0.4

0.2

0.0

0.01

Fig. 2. Relalionship belween iOtal fresh welglu al lhe fim
(42 days) and second harveslS (135 days) and viable eggs per g
sail as described by filling paramelers iO lhe Seinhorsl yield loss
model (equalion 3).

/
Ist barYes! (42 days)

100

80

~ 60
~

~

40 1
2nd barYes! (135 doys)

20

0

0.03 0.16 0.8 4 20

120

Viable eggs Ig soil

Fig. 1. Total fresh weighl al lhe fim (42 days) and second har
veSIS (135 days) as a percentage of lhe uninoculaled lrealmenc
regressed againsl viable eggs per g soil on a log. scale. Resulls are
means of five replicales.

94.6% of the variation. Using equation (2), with the
estimated values of T and of Ymax fixed, the value of
z was estimated to have decreased from 0.88 at the
first to 0.42 at the second harvest (Table 4). With
equation (3), the estimates of m and of T had
decreased from 0.66 (of Ymax) and 0.34 eggs per g
soil respectively at the first harvest to 0.22 (of Ymax)
and 0.06 eggs per g soil at the second harvest.

Plant height, shoot fresh and dry weight and root
fresh weight were Jess, at both harvests, for
drought-sub;ected compared with the equivalent weil
watered plants (Tables 2, 3). At the first harvest, the
percentage differences (-32%, -27%, and -35%) in
total fresh weight were similar for the three inoculum
densities (0.0, 0.8, and 20 eggs/g soil, respectively). At
the second harvest, the relative decrease associated

with the drought treatment was less than at the first
harvest for plants with 0.0 and 0.8 eggs/g soil (-29%
and -14%, respectively) but greater for the plants
inoculated with 20 eggs/g (-47%). However, there was
no significant interaction between the nematodes and
the drought treatment (Fig. 2).

Water used per plant was decreased overall ca 35%
by drought, and increasingly by the three highest
inoculum densities with the most heavily infested, weil
watered and drought-sub;ected plants having 72 and
76% decreases, respectively, compared with the corre
sponding uninfected plants. After 42 days, water use
per g dry matter produced had been largely unaffected
by drought or by the M. incognila, but after 135 days
drought and the highest inoculum densiry had signifi
cantly (P:5 0.05) increased water use efficiency (data
not shown).

The porometer measurements before the first har
vest showed that, compared with the weIl watered,
uninoculated plants, stomatal conductance (Table 5)
tended to be decreased by drought but was unaffected
by M. incognila, except perhaps for the highest inocu
lum densiry. Between the first and second harvests,
s tomataJ conductance was sligh tly d ecreased by the
drought treatment and by 0.16, 0.8 and 4.0 eggs/g soil

Table 4. Eslirnales paramecers for equalions (2) and (3) based on lOcal fresh weight.s (* indicaces paramelers fixed).

Harvest

First
Second

632

Equation (2) Equation (3)

T* Ymax* fi Z ZT T Ymax fi

0.3 91 0.61 0.88 0.90 0.342 96.28 0.664
0.032 415.0 0.23 0.42 0.92 0.057 422.6 0.221
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Table 5. Mean slOmalal conduccance measured weekly.

Pi
viables eggs
per g soil To 42 days

Stomatal conductance (cmls)

To 135 days

0.00
0.03

0.16

0.80

4.00

20.0

LSD (5%)

Watered

1.53
1.72

1.84

1.75

1.90

0.96

0.92

Drought-subjected

1.34

0.92

1.24

Watered

0.29
0.35

0.26

0.27

0.24

0.19

Drought-subjected

0.25

0.22

0.19

0.09

Results 42 and 135 days are means of ten plants measured on three occasions, and of five plants measured on nine occasions,
respectively.

of M. incognita. The highest inoculum density
(20 eggs/g soil) significantly (P <::; 0.05) decreased the
stomatal conductance of the well-watered plants,
which was not further decreased by drought.

Neither nematodes nor drought had any effect on
the J3C composition of either the lower leaves or upper
leaves (Table 6). Ali the values were close to -28 and,
with one exception, none were significantly different
from the well-watered, uninoculated control plants.
The exception was the drought-subjected plants with
0.8 viable eggs/g soil where the value discrimination in

favour of J2C increased (P <::; 0.05) rather than
decreased as might have been expected if the plants
were water stressed.

The percentage of N was significantly (P <::; 0.05)
increased in the lower leaf dry matter by both drought
and by the highest level of nematode infection and in
the upper leaves by the highest level of nematodes
only (Table 6). The intermediate level of infection had
no consistent effect on the lower leaves but consist
ently increased the percentage of N in the upper
leaves of the drought-subjected plants.

TablE 6. J38(; values for upper and lower leaves and percencage of nitrogen (%N) in leaf dry malter al J35 days.

Pi
viable eggs
per g soil

0.00

0.03

0.16

0.80

4.00

20.00

0.00

0.80

20.00

LSD (5%)

Vol. 21, no. 5 - 1998

I3ÔC %N

Lower Upper Lower Upper
leaves leaves leaves leaves

Weil watered
-28.3 -28.3 4.75 4.95

-28.1 -27.7 4.90 5.03

-28.3 -27.7 4.70 5.27

-27.9 -27.6 4.58 4.77

-28.0 -27.3 4.53 5.28

-27.9 -27.7 5.94 6.31

Drought-subjected
-28.1 -28.2 5.66 4.63

-29.9 -27.7 4.91 5.72

-27.9 -27.8 6.22 6.72

-0.60 -0.70 0.86 0.99
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Discussion

We hypothesised that on good hosts, initially small
populations of M. incognita which cause little or no
damage at the start of the growing season, can
increase so greatly that they cause substantial damage
later in the growing season. Tomato cv. Moneymaker
fulfilled the requirement of being a good host, as
shown by the rates of the population increase of the
M. incognica at the lower population densities, and the
results obtained with it broadly supported the original
hypothesis.

The general principle (Seinhorst, 1967) that the
multiplication rate of sedentary nematodes is density
dependent was again confirmed with the greatest rate
of increase observed at low values of Pi. With an inocu
lum of 0.03 eggs/g soil there was a x 273 increase in
the population density over the whole of the exper
iment compared with x O. II increase with a Pi of
20.0 eggs/g soil. However, as found with M. arenaria
by McSorley et al. (1992), the highest Pi was pro
duced by intermediate values of Pi and it was again
demonstrated that on a good host, and in favourable
conditions, small populations can become very large
during the Iifetime of one crop.

A much greater proportional effect on plant growth
(total plant weight) of the intermediate inoculum den
sities at the second as compared with the first harvest
was demonstrated, supporting the hypothesis that in
itially non-damaging population densities can increase
so greatly that they become damaging during the life
time of an annual crop. AIso, the slope of the linear
regression of total plant weight as a proportion of the
uninoculated yield against increasing log inoculum
density was much greater at the second than at the
first harvest. Using the Seinhorst equation (3) to fit
lines to the data showed that, for the first and second
harvests, the respective estimates of T (the tolerance
Iimit) and of m (the minimum yield) were always
higher for the first harvest data then for the second
harvest data. As at planting, the plants were smail
« 2.0 g), their contribution to m at either harvest
would have been smal!. Estimating z in equation (2)
showed that it was also much higher for the first har
vest (where it measures the damage caused by a single
nematode) compared with the second harvest (where
it measures the damage caused by a single nematode
and ail its progeny).

Equation (3) has the assumption that zT =0.95,
which is largely derived for observations with Globo
dera spp. (Seinhorst, 1986) with one generation in a
growing season. Applying this assumption to the data
for the second harvest, where there will have been up
to three generations of the M. incognita, still resulted
in equation (3) providing a better fit to the data than
equation (2). This approach has also been successfully
used by Di Vito el al. (1985, 1997) to describe yield
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losses in relation to M. incognita on Capsicum and
Hibiscus, respectively.

An important conclusion from these results is that
the estimated threshold for damage (T) at the second
harvest of 0.057 viable eggs per g soil is so low that it
is on the border line of detection, i.e., Il.4 viable eggs
of J2 in 200 g soi!. In a series of studies of M. arenaria
damage to peanut in microplots McSoriey el al.
(1992) reported closer fits with the Seinhorst equa
tion (,2 ranged from 0.79 to 0.98) and similar low T
values (as low as 1.0 eggll00 g soil), except in one
trial where the value of T was higher (23 eggs/lOO g
soil). Their estimated value of z varied from 0.90 to
0.99, indicating that M. arenaria was much less dam
aging to peanut than was M. incognita to tomato.

The lowest inoculum density (0.03 eggs/g soil) had
apparently increased tomato growth at the end of the
experiment. A similar increase was observed with a Pi
of 0.31 eggs per g soil by Niblack et al. (1986) with
M. incognita on partially resistant soybean cultivars
Bragg and Braxton in two microplot experiments. In
contrast the yield of the susceptible cultivar GaSoy 17
was greatly reduced at Pi of 0.31 eggs.

Under ideal growing conditions, nematodes may
cause only moderate damage, whereas under periods
of drought, or other stress factors, they may cause
considerably more damage (Wallace, 1973). More
over, the relative host sensitivity of a plant measured
under glasshouse conditions, where there is minimal
stress, frequently differs from that of plants grown
under field conditions. The drought stress applied in
this experiment decreased the growth of the
uninfested and of the M. incognita infested plants
equally and generally reduced their stomatal conduc
tance compared with the comparatively well watered
plants. However, there was no evidence of an interac
tion between the stress induced by the drought and
that of the M. incognita. Wheeler el al. (1991) also
found that the effects of damage to tobacco by
M. incognita and the effects of drought were additive
and not interactive.

Although both the M. incognita and drought
decreased stomatal conductance, indicating that both
increased water stress, this was not reflected in the
ratio of the stable isotopes 12/13 of carbon. Drought
generally decreases the degree of discrimination so
that a value of -21 is typical of drought stressed plants
(Haverkort & Valkenburg, 1992). However ail our
plants had similar values close to -28. That the
drought-subjected plants grew Jess well than the weil
watered plants suggests that they were water stressed
for at least sorne of the time but this was not reflected
in the carbon isotope ratio. Consequently, the stoma
tal conductance results are the more meaningful and
they support the hypothesis that a damaging infection
with M. incognita does increase water stress, leading to
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reduced growth. The increased percentage nitrogen in
the leaf dry matter of the most heavily infested plants
indicates that they were not N deficient, and that
sorne other factor, such as water stress, must have
been responsible for their poor growth. However, the
possibility has not been excluded of other physiolo
gical effects being involved in reducing the growth of
M. incognita infested plants.
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