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The rapid pace of discovery and applications of con-
temporary technologies in the field of plant nematology
emphasise the importance of the publication of this sec-
ond (2013) edition of the CAB International Plant Nema-
tology text, just 7 years after the publication of the first
edition in 2006. Not only are considerable updates in as-
pects of molecular plant nematology highlighted through-
out the volume, but also timely revisions and recent cita-
tions are evident in all chapters of the text. Plant Nema-
tology retains its three primary parts: I) Taxonomy and
Principal Genera; II) Nematode Biology and Plant Re-
sponses; and III) Quantitative Nematology and Manage-
ment. Chapter organisation also remains relatively con-
stant with just a few author substitutions; the only major
organisational change is the move of the chapter on Ge-
netic Engineering for Resistance from Part II in the first
edition to Part III in this edition. The review below at-
tempts to highlight the updates presented in Plant Nema-
tology, 2nd Edition.

New figures including a diagram of different major
plant nematode genera within a root cross-section, rela-
tive size and shape of representative plant nematodes, and
a diagrammatic overview of general nematode morphol-
ogy begin Chapter 1 Structure and Classification. The in-
clusion of these three figures is a welcome addition to ad-
dress the needs of the novice nematologist and to serve
as primary points of reference throughout the text. Fig-
ures of the major structural systems of nematodes are pre-
sented in a slightly larger format than in the first edition
(as are most figures throughout the second edition) and
promote better resolution of fine structural detail. While
the figure of nematode sensory organs remains well pre-
sented, the continued omission of a general diagram of
the nematode nervous system is curious since it is such a
dominant feature of nematode anatomy. Classification of
the major genera of plant nematodes within the Nematoda
again follows the scheme of De Ley & Blaxter (2002),
with relatively few revisions. The Hoplolaimidae present
the greatest revision since the first edition and now in-
clude the subfamily Meloidogyninae (Meloidogyne) and

exclude Meloidogynidae as a separate family. The taxo-
nomic position of Meloidogyne appears to be in transition
since the root-knot nematodes are included in Meloidog-
ynidae in other chapters of the second edition. Chapter 1
closes with a section on morphometric analyses of nema-
tode taxa and includes a new figure to illustrate the mor-
phometric measurements presented.

The fundamental concepts of molecular systematics
and phylogeny as they apply to plant nematodes remain
relatively unchanged as presented in Chapter 2, Molec-
ular Systematics, although updated treatments and tech-
nologies are cited throughout the chapter. The potential
utility of DNA pyrosequencing by 454 Life Sciences (but
not Illumina’s sequencing by synthesis technology) for
use in molecular systematics is introduced, as is the po-
tential practicality of loop-mediated isothermal amplifica-
tion (LAMP) for molecular diagnostics that do not require
thermocycler conditions or equipment. A useful new fig-
ure of the genes and structure of (Radopholus similis) cir-
cular mitochondrial DNA (mtDNA) is provided that also
includes a linear comparison of partial mtDNA organisa-
tion between R. similis and Heterodera glycines. The po-
tential of DNA barcoding using the COI gene of nematode
mtDNA is now discussed in a separate section. The con-
cept of phylogeography as it relates to plant nematodes is
nicely illustrated in a new figure that integrates cyst nema-
tode species on the basis of molecular phylogeny and geo-
graphic distribution. The applications of molecular phylo-
genetic concepts are also discussed in a new and welcome
section on the infraorder Tylenchomorpha. Figures of up-
dated phylogenies of species within Meloidogyne, Hete-
rodera and Anguina are presented, as is a new figure of
species phylogeny within Pratylenchus. The integration
of a relatively new numerical clade scheme (van Megen
et al., 2009) within the original five clade phylogeny of
the Nematoda as recently compiled by Blaxter (2011) is
reproduced in Figure 9 as the most recent phylogeny of
the Nematoda based upon small subunit (SSU) rDNA se-
quence.
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Chapter 3, Root-knot Nematodes, and Chapter 4, Cyst
Nematodes, both present summary discussions on nema-
tode biology and life cycle, a brief treatment of host-
parasite interactions, and general information on manage-
ment in agriculture (all of which are elaborated in subse-
quent chapters). Chapter 3 places a primary focus on root-
knot nematode morphology, including a life cycle figure
that emphasises the morphology of life stages over a more
in planta visualisation of the infection process. The list of
nominal species of Meloidogyne remains relatively con-
sistent with updated species inquirendae and reference to
an updated (2009) list of full synonyms. The morpholo-
gical criteria used for systematics of selected Meloido-
gyne species of agricultural significance are listed and fig-
ures of key morphological root-knot nematode features
are presented. The chapter on cyst nematodes also pro-
vides the morphology of the cyst nematode genera and
species of major economic importance, but also provides
additional information on the cyst nematode hosts and ge-
ographic distributions of agricultural significance in both
the tables and text. Tables of the nominal species of He-
terodera and other cyst nematode genera have been up-
dated and now include the genus Vittatidera as a para-
site of the Poaceae. A full taxonomic figure of Heterodera
schachtii is now included as the type species for the genus
and serves as a useful visual reference for descriptions of
other cyst species. A relatively outdated race system of H.
glycines is presented as a figure and would benefit from
updating to the HG-Type system proposed by Niblack et
al. (2002) that is discussed in Chapter 14. The section on
Globodera now includes discussions of G. pallida and G.
tabacum along with G. rostochiensis as representatives of
this important genus of agricultural pest.

Some recent citations and updates are presented in
both Chapter 5, Migratory Endoparasitic Nematodes, and
Chapter 6, Ectoparasitic Nematodes, but the revisions in
both chapters are relatively minor. Chapter 5 provides
considerable and valuable discussion on the parasitic be-
haviour and ecology of migratory endoparasitic plant ne-
matodes and limits descriptions and figures of the ma-
jor species. Chapter 6 takes an opposite approach, focus-
ing mainly on species descriptions complete with figures,
and limits discussions on parasitic behaviour and ecology.
Major endoparasitic genera like Pratylenchus, Radopho-
lus, Ditylenchus and Aphelenchoides are nicely detailed
in Chapter 5; however, some sedentary endoparasitic ge-
nera of agricultural importance, including Rotylenchulus,
Tylenchulus and Nacobbus, receive no treatment because
the chapter is confined to migratory parasites. Although

the status of Hoplolaimus as an ectoparasite vs migra-
tory endoparasite is debatable, its major species and other
important tylench ectoparasites are well represented in
Chapter 6. The split of some species of Criconemoides to
Mesocriconema is described in this chapter, as is the ac-
ceptance of Nanidorus minor as the current nomenclature
for its synonymous Paratrichodorus species of consider-
able agricultural significance. While updated virus vector
information and perhaps a table of virus host status of the
Enoplean plant nematodes would benefit this edition, the
most recent molecular systematic data available for these
nematode groups are provided in Chapter 6.

Part II of Plant Nematology begins with Chapter 7,
Reproduction, Physiology, and Biochemistry, and opens
with concise treatments of nematode reproduction, de-
velopment, musculature and nervous systems and pro-
cesses, similar to the first edition. A number of new re-
search papers and reviews are cited throughout the text
of Chapter 7, including 2011 reviews on neurotransmis-
sion in plant nematodes and Caenorhabditis elegans and
a 2011 review on osmotic/ionic regulation in nematodes.
It is suggested that, while metabolite pathways have been
extensively studied in C. elegans, mainly metabolite con-
tent has been investigated in plant nematodes. It could be
mentioned that extrapolation of potential metabolite path-
ways might be explored in plant nematodes using compar-
ative genomics between C. elegans and the genomes that
are relatively recently reported for two species of root-
knot nematode (Abad et al., 2008; Opperman et al., 2008).
In many cases, however, new relevant information on C.
elegans is provided for comparisons to plant nematodes
throughout Chapter 7. New updates are presented on plant
nematode metabolites, including products of amino acid
metabolism like auxins and B vitamins, and an expanded
lipid section that includes more extensive discussions on
plant nematode glycolipids and sterols. Further applica-
tions of the term ‘dauer’ to plant nematodes are discussed
in a new section of Chapter 7 and supported by the ex-
istence of some daf gene orthologues in plant nematodes
(although complete dauer pathways as they exist in C. ele-
gans have not been identified in plant nematodes to date).
The Chapter 7 section on hatching has also been exten-
sively updated and expanded to include new information
relating the nematode hatching factors.

The text and figures of Chapter 8, Behaviour and Sen-
sory Perception, are relatively similar to those in the first
edition, but it offers an expanded discussion of the role of
carbon dioxide in the soil solution and as an attractant for
plant nematodes. The section on response to plant attrac-
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tants is fairly extensively revised and expanded to include
new information on the components and roles of plant dif-
fusates and soil ions as they affect nematode behaviour in
soils. The chapter could benefit from a summary of what
is known about chemosensory genes and responses in C.
elegans and the potential application of that knowledge to
investigations and management of plant nematodes. Dis-
cussions and recent citations, however, on the transcrip-
tomic, behavioural and surface coat responses of nema-
todes to stimulants like root diffusates are a welcome new
addition to the text of Chapter 8.

Although the organisation of Chapter 9, Molecular As-
pects of Plant-Nematode Interactions, has been modified
only slightly, the content of this chapter has been revised
significantly to keep pace with discoveries in this dynamic
area of plant nematology research. Citations of cell wall-
modifying proteins that are secreted from plant nematodes
have expanded, and the chapter now includes further dis-
cussions on nematode expansins and the identification of
large gene families encoding cell wall-modifying proteins
discovered in the reported (2008) genome analyses of
root-knot nematodes. It is curious as to why a section (or
chapter) of this new edition is not dedicated to the genome
analyses of root-knot nematodes and their relation to ne-
matodes as a group of organisms and adaptations for para-
sitism. Chapter 9 does provide an excellent update of plant
defence against nematode challenge, including the latest
information on nematode resistance genes in plants and
how they relate to (a new figure of) the ‘zig-zag’ model
of plant defence to pathogen attack. The recent (2012)
identifications of the Rhg1 and Rhg4 soybean resistance
genes against cyst nematodes are also of particular interest
since they encode proteins involved in cellular transport
and metabolism that do not adhere to the current paradigm
of known (NBS-LRR type) plant resistance genes against
pathogens. New information presented indicates that plant
transcriptomic response to nematode challenge includes
down-regulation of plant defence-related genes, potential
active suppression of host defence molecules by secreted
nematode effectors, and nematode effectors that may play
a role in virulence/avirulence. Changes in transcription
factor activity, potential regulation of plant cell wall activ-
ity, peptide signalling and an increase in sucrose transport
into nematode feeding cells are highlighted among molec-
ular responses in compatible plant-nematode interactions.
Updates on the roles of phytohormones in nematode feed-
ing cell formation are also presented in Chapter 9, includ-
ing further evidence for the role of active auxin transport

and potential regulation of auxin transport by a secreted
nematode effector.

Chapter 10, Plant Growth and Population Dynamics,
and Chapter 11, Distribution Patterns and Sampling, open
Part III of Plant Nematology and remain as amazingly
comprehensive and detailed as presented in the first edi-
tion. Predictors of yield reduction are discussed with em-
phasis on initial nematode population densities as a key
indicator. Three types of plant growth reduction; i) in-
herent at all nematode densities; ii) accelerated at high
densities; and iii) early senescence at high densities, are
highlighted and the need to account for a minimum plant
growth rate relative in time and space is emphasised. The
importance of deriving the ‘z’ parameter from experimen-
tal data to apply in damage functions relative to initial
nematode population is noted and is now set at 0.95 in
equation 10.5 since it deviates little from this value among
most experiments. Calculating plant responses and popu-
lation dynamics relative to root and shoot-feeding nema-
todes are presented, as are the potential influences of ne-
matode management tactics like plant resistance and ne-
maticides. The importance of nematode distribution and
sampling are presented as they relate to: i) estimating tar-
get nematode densities in small field plot experiments;
ii) determining the presence or absence of a nematode
species; and iii) estimating nematode population densi-
ties in farm fields for use in management recommenda-
tions. The accuracy of the negative binomial over Poisson
distribution to incorporate nematode aggregation in esti-
mates of nematode population densities is discussed and
depends upon a known ‘k’ aggregation factor for each ne-
matode species that can be estimated by a protocol pro-
vided. The importance and effects of sample size and
number as they relate to the layout and size of the area
to be sampled are extensively derived and deliberated. The
utility of such sampling calculations is nicely illustrated in
an updated figure that demonstrates a markedly increased
detection probability using the new (2010) EPPO statu-
tory sampling protocol for potato cyst nematodes over the
old protocol without an unreasonable increase in sample
size collected per hectare.

Detection and potential exclusion of damaging plant
nematodes are key components of the international and
regional pest regulatory schemes described in Chapter 12,
International Plant Health – Putting Legislation Into Prac-
tice. Since pest status and regulations are dynamic in na-
ture and information must be timely, this chapter provides
critical new websites and updates throughout the text. The
distinction is made early in the chapter between pests that

Vol. 16(3), 2014 375



Book review

are ‘quarantined’ (do not exist in a given region or coun-
try) vs ‘regulated non-quarantine pests’ (RNQPs) that ex-
ist in a given area but are still regulated in their movement.
The relatively recent detection of G. pallida in the USA
and subsequent eradication efforts are discussed in sev-
eral appropriate sections of the chapter. Historical consid-
erations of nematode pest regulation now include the use
of molecular data for nematode phylogeography and evi-
dence that the greatest evolution of potato cyst nematode
genotypes occurred on wild Solanaceaous species located
in the Andes Mountains. Table 12.1 demonstrates the in-
crease in the number of countries that regulate movement
of select plant nematode species from 1982-2011, with
the number of nematode species regulated increasing to
a total of 20. The chapter closes by voicing concern over
the steady global loss in expertise in traditional nematode
identification and the increased need for reliable and effi-
cient molecular assays to be both practical and networked
in global databases.

A number of new research reports and (2011) reviews
are cited in a substantial revision and update of Chap-
ter 13, Biological and Cultural Management. The authors
note a lack of extension service to disseminate informa-
tion on nematode management in general, and cultural
methods of management in particular, which continues to
be a significant barrier to agricultural improvement, es-
pecially in developing nations. New research in biocon-
trol has investigated the transcriptomic response of ne-
matodes to attack by parasitic fungi to identify potential
key mechanisms in the infection process that may be ex-
ploited to improve nematode management. Recent studies
on Trichoderma fungi as biocontrol of root-knot nema-
todes are reported, as are phylogenetic relationships and
surface attachment mechanisms of Pasteuria penetrans
and other Pasteuria species to plant nematodes. The re-
cent discovery and ability to grow and increase spores of
Pasteuria bacteria in vitro is noted as a key event in poten-
tial large-scale applications of biocontrol for management
of plant nematodes. Among cultural controls, more sim-
plified methods of plant disinfestation such as hot water
treatment are emerging that are adapted to local conditions
and economies. The nematode management potential of
anaerobic soil disinfestation (biofumigation) by burying
and tarping large amounts of plant debris is also discussed
in Chapter 13.

Chapter 14, Nematode Resistance in Crops, continues
to provide a thorough and contemporary treatment of all
aspects of plant resistance to nematodes from concepts, to
methods, to the molecular and mechanistic components

of nematode resistance. The new section ‘Inheritance and
mechanisms of resistance’ condenses all the current in-
formation on nematode R-genes and quantitative trait loci
(QTLs) in one place compared to the first edition. A new
(2009) figure of the current Mi-1.2 resistance gene cas-
cade is a welcome addition; Figure 9.7 from Chapter 9
must serve as visual reference for discussions of other R-
genes such as Gpa1, Gro1 and Rhg1/Rhg4. The (2002)
HG-Type system for soybean cyst nematodes is intro-
duced in the discussions of virulence in nematodes upon
selection in resistant crop cultivars. An extensive new dis-
cussion on the utility of molecular marker-assisted selec-
tion (MAS) in crop breeding for nematode resistance is
provided that outlines distinct advantages in germplasm
screening throughput but reminds readers that verification
of nematode resistance in candidate lines remains a cru-
cial downstream component of the process. A previous
offset box describing the status of cyst nematode resis-
tance in soybean has been replaced with a box in Chap-
ter 14 that describes the development of nematode resis-
tance in crops in West Africa. Noted are promising resis-
tance in yams to Scutellonema and root-knot nematodes,
resistance in cassava to root-knot nematodes, and the util-
ity of Mi-tomato in breeding programmes where Mi is
effective against the populations of root-knot nematode
present in a given location.

The most extensive chapter revision has occurred in
Chapter 15, Genetic Engineering for Resistance, with
omission of discussions in the first edition of the steps to-
ward product development, and inclusion in the second
edition of more extensive and updated detail on poten-
tial molecular target identification to engineer resistance
to nematodes in desirable crop cultivars. The discussions
on utilising and modifying natural R-genes to broaden the
range of nematode biotypes and crop cultivars affected
has been expanded and suggests the potential role of next
generation DNA sequencing to identify single nucleotide
polymorphisms (SNPs) to accelerate these efforts. Recent
investigations to disrupt host-finding and invasion by in-
fective nematode life stages are demonstrated in plants
engineered to secrete a disruptive peptide from the root
apex. New and promising applications of engineered tox-
ins from Bacillus thuringiensis (Bt) and an expanded sec-
tion on the utility of engineered plant protease inhibitors
in transgenic plants are presented in Chapter 15. Advances
in applications of plant host-derived RNA interference
(RNAi) targeted to vulnerable nematode genes that are
central to nematode biology or the parasitic process are
detailed, along with the potential to use RNAi concomi-
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tantly to disrupt more than one molecular target in nema-
todes. A new table (15.2), which has great utility, is pro-
vided and lists a summary of potential targets, strategies
and example outcomes of bioengineered plant resistance
against plant nematodes. An expanded discussion on fre-
quently used promoters used to drive the expression of
bioengineered transgenes in plants, and the potential util-
ity of promoters of plant genes known to be up-regulated
in nematode feeding cells or in specific plant cell types,
places an emphasis on appropriate spatial and temporal
expression to maximise the potential efficacy of any trans-
gene engineered to provide plant resistance to parasitic
nematodes.

Chapter 16, Chemical Control of Nematodes, closes
the volume with limited updates from the first edition on
the current status of global nematicide availability and
use (that continue to diminish faster than they can be re-
placed). Interestingly, however, a ban on the use of 1,3
dichloropropene (Telone) has been initiated in the Euro-
pean Union, while, at the same time, registration for use
of this fumigant nematicide has been approved in China.
An updated EPA website for information on critical use
exemptions for methyl bromide is provided and a revised
Europe Zone and EU Regulation (EC) No. 1107/2009 for
European nematicide use is listed. New information is
also presented related to operator exposure, personal pro-
tective equipment (PPE) and poisoning related to nemati-
cide exposure, as well as timing of application of non-
fumigant (granular) nematicides and crop harvest inter-
val (HI) relative to nematicide application on-farm. Flu-
ensulfone is mentioned as a new (2012) nematicide but
no further detail is provided about this fluoroalkenyl sys-
temic non-fumigant nematicide. Abamectin and iprodione
have been added among the globally important nemati-
cides listed in Table 16.1, and calculated estimates of the
global nematicide market, total material used, and esti-
mated crop damage by nematodes have been updated in
Table 16.2. As in the first edition, Chapter 16 closes with
discussions of potential use of nematicides of natural ori-
gin and the characteristics of an ideal nematicide.

The substantial updates provided throughout this sec-
ond (2013) edition of Plant Nematology significantly in-
crease the value of this volume. As the editors indicate
in the preface of the book, the initial impetus for Plant

Nematology grew from a need to serve students in an in-
ternational M.Sc. course conducted at Ghent University.
For students and professionals that may have access to
only one text in plant nematology, this volume serves as
perhaps the most succinct, yet comprehensive, treatise of
plant nematology that currently exists. The editors and au-
thors of Plant Nematology, 2nd Edition, have provided a
text that is increasingly friendly to the novice user while
providing the latest in plant nematology discoveries to the
scientific and agricultural communities.
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