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Nematology and Practical Agriculture

Agriculture is currently facing, and will con-
tinue to face, monumental challenges towards 
improving food production and ensuring food 
security in subtropical and tropical agriculture 
in the 21st century and beyond. The escalating 
rise in the human population, massive urbaniza-
tion, advancing climatic change, expanding soil 
degradation, loss of  soil fertility and depletion of  
water resources will have major impacts on food 
security, exaggerating hunger and malnutrition 
in many regions of  the world, especially in the 
marginal areas of  the subtropics and tropics. 
Nematology as a science will be confronted with 
even greater challenges to improve plant health 
and yield in the subtropics and tropics in the fu-
ture than in the past. Expanding and improving 
nematological research in these climatic zones 
will be a critical part of  addressing the food pro-
duction and food security issues of  the future.

Tropical and, to a lesser extent, the subtrop-
ical climatic zones of  the world (hereafter re-
ferred to collectively as the tropics) cover large 
areas of  the earth’s land mass and are the focal 
point of  the future problems facing humanity 

(Fig. 1.1). This climatic zone is where much of  
the ever-increasing world population will reside 
and where food production needs to be improved 
most to nourish future generations. Productivity 
and yields need to be improved drastically in the 
tropics, where agricultural land is still available 
and productive and where sufficient water re-
sources are plentiful (FAO, 2014). The tropics is 
where the science of  nematology can have a pro-
found impact on food crop yields in the future.

One of  the major challenges facing nemat-
ologists in the tropics lies in clearly defining 
nematode impact and designing management 
solutions for family-run smallholder farms. 
Smallholder farms are the rule in many coun-
tries in the tropics. FAO (2014) calculates that of  
~570 million farms globally, over 90% are run 
by an individual or a family, which relies primar-
ily on family labour. These smallholder farms are 
the most common form of  agriculture across the 
world, but especially so in the tropics. Smallholder 
farms occupy around 70–80% of  farmland and 
produce more than 80% of  the world’s food in 
value terms. The vast majority of  these farms are 
in lower-income countries, where farm sizes are 
already small and are becoming  increasingly 
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smaller. The average farm size in China, India 
and Africa is 1.2 ha, and is declining in size. 
Worldwide, farms of  less than 1–5 ha  account 
for 94% of  all farms, but control only 22% of  all 
agricultural land. In contrast, just 1% of  farms 
are over 50 ha, but control 65% of  the world’s 
agricultural land, mainly in high-income coun-
tries. The latter predominate in more temperate 
regions, but also exist in the tropics, such as for 
commercial sugarcane, banana or pineapple 
production. Solving nematology problems in the 
temperate zone on large-holder farms of  400 ha+, 
often growing a single crop per year, with mod-
ern technologies and supported by advanced re-
search facilities, is less complex when compared 
to operating in the tropics, where a mosaic of  
smallholder farms practise year-round multiple 
cropping. The notion that these multiple crop-
ping systems are simple could not be further 
from the fact. Factoring in the marginal/ degraded 
state of  many soils, the rapid rate of  multiplica-
tion of  most pests and diseases, the current low 
productivity, the negative impact of  extreme 
temperature change, and the need to intensify 
crop production across all cropping systems re-
veals the sheer scale of  the challenge facing both 
smallholder farmers and nematologists working 
in the tropics (see Ciancio, 2015).

Demonstrating nematode damage and solv-
ing yield decline problems under smallholder 
conditions has proved troublesome. Although 
some good examples have provided sound evi-
dence of  the huge benefits nematode manage-
ment can have, such as doubling yam yields or 
tripling potato yields, translating this to a national 
or regional level proves difficult when dealing 
with such complex cropping systems, especially in 
the face of  the less than comprehensive nematode 
data (Nicol et al., 2011). Consequently, if  we at-
tempt to anticipate the future impact of  nemat-
ology on production in the tropics (see Table 1.3), 
we may conclude that to solve nematode prob-
lems adequately, even though suitable technolo-
gies exist for effective management, may not be 
possible. However, if  we can expect that these 
farms will expand in size as food security and 
hunger issues become more severe, it is conceiv-
able that effective management systems can be 
designed.

Due to a range of  constraints, research in 
nematode management in the tropics often 
 focuses on low-input methods involving crop 

 rotations, multicropping, adjustment of  plant-
ing and harvest dates, use of  various soil amend-
ments and mulches, trap and antagonistic crops, 
fallow and flooding, as outlined in Chapter 23, 
this volume. While emphasis on these forms of  
management strategies in the tropics reflects 
increased awareness of  nematode damage, it 
also demonstrates limited availability and/or 
knowledge of  resistant cultivars, and effective 
use of  nematicides. However, management tools 
have been developed that broaden the integrated 
pest management toolbox, including grafting 
 resistant rootstocks, biological control, remote 
sensing and precision farming, as well as new 
formulations and application technologies for 
nematicide seed treatment. Cultivars resistant to 
various nematodes are becoming more available, 
and nematicides with new mechanisms of  ac-
tion are entering the market. But again, access to 
these technologies by smallholder farmers in 
tropical regions is limited, because knowledge on 
the performance of  such technologies is often 
not available until long after their introduction 
elsewhere, and financial resources for purchase 
are lacking. The challenge is great, but not un-
surmountable.

Nematodes play a major role in causing 
yield loss in many crops, as outlined in the chap-
ters in this volume. This book deals with plant 
parasitic nematodes attacking tropical crops and 
outlines the management practices that need to 
be implemented in the tropics to solve the food se-
curity issues of  the future, regardless of  farm size.

Historical Background

The first attempts to bring together information 
concerning the impact of  plant parasitic nema-
todes on tropical crops were made with the com-
pilation of  the books by Smart and Perry (1968) 
and Peachey (1969). Until then, nematological 
literature focused primarily on temperate crops. 
The knowledge generated in the tropics was 
limited to the research findings of  individual sci-
entists who, for the most part, worked in  isolation, 
often on a single crop. Charappa (in Peachey, 
1969) states that our knowledge of  the import-
ance of  nematodes in the tropics lags behind 
that available in temperate climates because 
nematologists and appropriate research labora-
tories are insufficient or non-existent in the 
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humid tropics where, paradoxically, plant para-
sitic nematodes and their damage are greatest. 
The importance of  nematodes on subtropical 
crops fared far better, due to the extensive re-
search conducted in large-holder commercial 
agricultural regions of  Australia, Brazil and the 
USA, as well as in the countries bordering the 
tropics in southern Europe. The first review art-
icle on the plant nematology problems of  trop-
ical sub-Saharan Africa was published by Taylor 
(1976). He discussed the major nematodes caus-
ing crop damage on the continent. It was among 
the first attempts to highlight the significance of  
the problems facing the few nematologists work-
ing in Africa at that time.

Approximately 76,000 scientific publica-
tions on plant parasitic nematodes have been 
printed between 1915 and 2017 (Anon., 2017). 
The number, especially of  tropical species, has 
increased steadily. During this span of  time, 
26,000 publications on tropical species of  Meloi-
dogyne have been published (14,000 on Meloido-
gyne incognita and 5000 on Meloidogyne javanica), 
as compared to the temperate root knot nema-
todes (2493 on Meloidogyne hapla and 348 on 
Meloidogyne chitwoodi). The vast majority of  pub-
lications on temperate nematodes focused on 
species of  Heterodera (13,000) and Globodera 
(5000). Endomigratory species of  Pratylenchus 
are mentioned 8000 times and Radopholus and 
Rotylenchulus 2177 and 2544 times, respectively. 
The number of  publications on a 10-year basis 
since 1930 dealing with all plant parasitic nema-
todes, and with root knot specifically, has in-
creased steadily (Fig. 1.2).

The first edition of  the book by Luc et al. 
(1990) provided the first major attempt to  review 
and document the considerable knowledge ac-
cumulated on the presence, symptomology, im-
portance and management of  plant parasitic 
nematodes on major food crops in the tropics. In 
addition, chapters on plant parasitic nematodes 
affecting tropical crops have been provided in 
numerous reference and text books, and are 
 cited repeatedly in this revision.

Tropical–Temperate Interaction

We often refer to nematology in temperate com-
pared with tropical climatic zones. It is appropri-
ate here to raise the obvious questions of  whether 

there are fundamental differences or whether 
they differ only because of  the different species 
of  nematodes and types of  crop present. Some of  
the fundamental differences have been discussed 
in detail by Noe and Sikora (1990) in the first 
edition of  this book. It should be noted, however, 
that conditions akin to temperate climates pre-
vail in some of  the higher-altitude areas, as well 
as during the cooler rainy seasons in the tropics. 
Therefore, while there is geographical latitu-
dinal division of  the climatic  regions, areas 
within these latitudes differ according to altitude 
(see Fig. 1.1).

Plant health management is a never- 
ending continuum of  challenges, particularly as 
it relates to nematode detection and manage-
ment. These challenges to nematology in the 
tropics are multidimensional, involving inter-
acting biological and abiotic factors. The fact 
that not all things are created equal means that 
the accumulation of  knowledge on nematode 
damage and the improvement of  management 
practices does not develop at the same speed 
worldwide between these two climatic zones. 
Agricultural production and nematode man-
agement in the tropics has consistently lagged 
behind the level of  expertise attained in the tem-
perate regions.

In the previous edition of  this book, we 
stated with some certainty that most, if  not all, 
major problems caused by nematodes in tem-
perate countries have been detected. We be-
lieve that this fact stands today, and that new 
nematode problems of  major significance 
have not been detected since 2005. Forgotten 
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problems have reappeared as rotation sequences 
are altered or new cultivars introduced, as seen 
with new outbreaks of  the potato cyst nema-
tode, Globodera pallida, and the sugarbeet stem 
nematode, Ditylenchus dipsaci. In addition, mo-
lecular diagnosis has identified new species 
that need study.

A problem new to a particular tropical 
country could arise through the introduction 
and subsequent spread of  a known nematode 
parasite from another country, such as for 
M. hapla on cut flowers in Ethiopia or Globodera 
rostochiensis on potato in Kenya, both presumed 
to have arrived from Europe with infected plant-
ing material (Meressa et al., 2014;  Mwangi et al., 
2015). Introductions will no doubt continue to 
occur, especially as quarantine services, porous 
borders and nematology expertise are often ill 
equipped to prevent new introductions.

Although a major challenge for nematolo-
gists working in the tropical versus the temper-
ate zone pertains to the complexity of  smallholder 
farms, having limited access to finance, produc-
tion inputs and extension services etc., the 
warmer year-round climate in the tropics defin-
itely influences nematode distribution and epi-
demiology, since most nematode life processes 
have thermic optima that determine the ideal 
geographic ranges of  nematodes. Presumably, 
there are southern and northern hemisphere 
bands of  appropriate temperatures for each 
nematode species that would be contiguous and 
would meet at the equator for true tropical spe-
cies. This is clearly shown for the distribution 
limits of  M. javanica versus M. incognita in south-
ern USA, a pattern that does not seem to be re-
flected in Africa (Sasser and Carter, 1985). We 
know very little about the distribution patterns of  
many economically important nematodes of  
tropical crops, especially in countries where small 
farms predominate. Temperature with increased 
altitude, however, does influence nematode 
populations on banana grown in eastern Africa 
(see Chapter 17, this volume).

The negative impact plant parasitic nema-
todes have on agricultural production in the 
tropics is immense, and the overall amount of  
damage and consequent impact that nematodes 
have on yield is repeatedly underestimated. This 
miscalculation is likely to increase as the science 
of  nematology in the tropics trails behind that 
of  temperate regions, as well as behind other 

scientific disciplines as the world struggles to 
negate the increasing food deficit.

Emerging Threats

New problems continue to be discovered in the 
tropics, involving new nematode species, even 
genera, or species not previously recorded as 
harmful to a crop. Examples include ‘legume 
Voltaic chlorosis’ on leguminous crops in Bur-
kina Faso, caused by a new species, Aphasmaty-
lenchus straturatus, from a genus not previously 
known to be harmful (Germani and Luc, 1982); 
‘miti miti’ disease of  taro (Colocasia esculenta) in 
the Pacific caused by a new species, Hirschman-
niella miticausa (Bridge et al., 1983); in the 
semi-arid areas, the new cyst species Heterodera 
ciceri causing damage to chickpeas and lentils 
(Greco et al., 1984; Vovlas et al., 1985); Ditylen-
chus africanus on groundnut (Jones and De 
Waele, 1988); Achlysiella williamsi, a new genus 
and potentially damaging pest of  sugarcane 
(Hunt et al., 1989); Meloidogyne paranaensis 
(Carneiro et al., 1996), now a devastating pest 
on coffee in Brazil; Radopholus duriophilus, asso-
ciated with the decline and death of  durian trees 
and widely distributed across Vietnam (Nguyen 
et al., 2003); Radopholus arabocoffeae, described 
from Arabica coffee, and Radopholus daklakensis 
from Robusta coffee in Vietnam (Trinh et al., 
2004, 2012). Meloidogyne izalcoensis was de-
scribed from coffee in El Salvador (Carneiro et al., 
2005), where it apparently has a relatively small, 
limited area of  distribution on coffee ( Villain 
et al., 2013), but then is discovered on coffee in 
East Africa and on tomato and cabbage in West 
Africa (Jorge Junior et al., 2016). Recently, a new 
genus of  sedentary Pratylenchidae was described, 
Apratylenchus, with two species, Apratylenchus 
vietnamensis and Apratylenchus binhi, found on 
coffee in Vietnam (Trinh et al., 2009). New spe-
cies of  Meloidogyne continue to be described but 
Meloidogyne enterolobii (=Meloidogyne mayaguen-
sis), a highly aggressive and potent nematode 
(Castagnone-Sereno, 2012), requires particular 
note. First described only in 1988 (Rammah and 
Hirschmann, 1988), it has since been recovered 
consistently from various crop hosts, from vari-
ous locations across the tropics on a regular 
basis, such as on guava in Brazil, Thailand and 
Vietnam, yam in Nigeria, sweet potato in Kenya, 
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cowpea in Mozambique, banana in China, etc. 
(see relevant chapters this volume), and poses a 
severe threat to the production of  numerous 
crops. As we start to look, we begin to find! Many 
of  these new threats are the direct result of  de-
veloping and supporting nematology expertise 
in countries where it did not exist or was not 
strong previously. De Waele and Elsen (2007) 
discussed the potential of  a number of  already 
identified species with future importance should 
they expand their distribution through inter-
national trade.

We can expect new, and as yet unseen, 
nematode problems to emerge as agricultural 
production changes; for example, the steady 
shift in rice production from irrigated to upland 
will result in the emergence of  new nematode 
problems. Similarly, the promotion of  soybean 
production into Africa will undoubtedly lead to 
damage by known and unknown nematode 
species. Determining the solutions to these types 
of  problems could be hampered by inadequate 
access to suitable facilities and competence in 
 systematics.

There is little doubt that many more un-
described nematodes and their associated prob-
lems are yet to be discovered across the tropics, 
as nematology expertise improves, activities are 
initiated or expanded and as new crops are intro-
duced into new areas. Whether or not these find-
ings will simply lengthen the list of  known 
species, or whether it will contribute to our 
knowledge of  nematode biodiversity and sys-
tematics, and help growers with significant 
damage problems, is open to question and de-
pendent on the reach of  nematology into the 
tropics. Other nematodes that are still limited in 
distribution but could become important and 
needing scrutiny by quarantine agencies are 
listed in Chapter 23, this volume.

Global Spread and Quarantine

The ever-increasing movement of  agricultural 
produce, either in dried or fresh form, as well as 
seeds and planting material, ensures the con-
tinued and future dissemination of  nematode 
pests, underscoring the need for trained nemat-
ologists within phytosanitary and quarantine 
 institutions. The limited number of  nematolo-
gists in quarantine positions can have a negative 

impact on the development of  quarantine guide-
lines, besides affecting the prevention of  nema-
tode introductions into previously non-infested 
areas. Good examples are the dissemination of  
the banana burrowing and root lesion nema-
todes (Radopholus similis, Pratylenchus spp.) and 
of  the citrus slow decline nematode (Tylenchu-
lus semipenetrans) to nearly all areas where 
these crops are grown, as well as the movement 
of  G. rostochiensis into the high-altitude tropical 
growing areas of  the Philippines (Sikora, 1982) 
and Kenya (Mwangi et al., 2015). The spread of  
known, economically important plant parasitic 
nematodes has occurred in the recent past, and 
will continue as long as we cultivate crops and 
move agricultural produce around the globe; 
for example, the spread of  Heterodera glycines to 
South America, G. pallida to Europe and Bursa-
phelenchus cocophilus to Central and South 
America.

The detection, description and recognition 
of  possible new species of  nematodes, often in 
multispecies mixtures, is highly relevant to prac-
tical nematology and quarantine departments. 
For example, a large number of  nematodes are 
of  potential importance to quarantine globally 
(Chapter 23, this volume). In many cases, these 
less-known species will go undetected through a 
lack of  trained nematologists, thus resulting in 
their spread. Good examples are: Pratylenchus 
coffeae, Pratylenchus goodeyi, M. chitwoodi, Meloi-
dogyne graminicola, M. enterolobii, Meloidogyne 
floridensis, D. dipsaci and B. cocophilus, to men-
tion but a few of  the better-known species. In 
addition, a system for detecting races and viru-
lent populations that are able to break resistance 
in cultivars will be required, complicating phyto-
sanitary efforts further. Improved communica-
tions and web-based information portals will 
help extend such information, but will not over-
come the deficit of  trained nematologists to 
physically deal with problems.

Diagnostics

The use of  DNA fingerprinting for nematode 
diagnostics has been discussed extensively by 
De Waele and Elsen (2007). The vast majority of  
work was undertaken with nematodes import-
ant to quarantine in the temperate regions of  the 
world, i.e. species of  Heterodera and Pratylenchus, 
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as well as the most important tropical species of  
Meloidogyne and Radopholus. There is a dire need 
to expand these diagnostic tools to tropical nema-
todes affecting other crops. Quick and accurate 
identification to species level is also important 
for the planning of  management programmes 
based on resistance. De Waele and Elsen (2007) 
emphasize that the improved use and knowledge 
of  molecular diagnostics by nematologists in the 
tropics lags behind, due, in part, to the lack of  
available equipment and resources to support 
such work. The situation is changing, however, as 
advanced laboratories with significant financial 
and technical support become established, such 
as EMBRAPA (Empresa Brasileira de Pesquisa 
Agropecuária) in Brazil, ARC (Agricultural Re-
search Council) in South Africa, BecA (Bio-
sciences eastern and central Africa) in East 
Africa, as well as with CGIAR (Consultative 
Group for International Agricultural Research) 
and in centres within progressive and advanced 
national programmes. De Waele and Elsen 
(2007) estimate that perhaps just 10% of  nema-
tode biodiversity has been elucidated, and conse-
quently the characterization of  many more new 
nematode species is to be expected, especially 
from the tropics. They state that without 
 increased research opportunities and inter-
national collaboration, tropical nematologists 
will have few prospects for participating in the 
application of  molecular diagnostics to nema-
tode surveys or the analysis of  the origin and dis-
persal of  nematode species based on molecular 
diagnostics. In addition, uncertainties concern-
ing the validity of  nematode species, unless re-
solved, will present practical problems related to 
quarantine measures.

There is a greater diversity of  nematode 
genera and species in the tropics compared with 
temperate climates. As many of  these nema-
todes are new taxa, it is evident that there is a 
great deal of  work for nematode taxonomists in 
the tropics. This, indeed, is happening, but a big 
disadvantage of  concentrating on the taxonomic 
aspect is that the surveys are designed to collect 
nematodes and not to determine the problems 
they cause. This is often the only possible means 
of  establishing new nematology laboratories 
with limited staff  and financial means. The dan-
ger is that such laboratories can limit their activ-
ities to systematics and so become production 
lines for new species and genera, to the exclusion 

of  determining the importance of  the nematode 
being described. The reality is that each supports 
the other, and one without the other is severely 
constrained in their ability to perform.

Establishing Pathogenicity

The identity of  nematodes parasitizing crops is 
an obvious first and necessary step, but estab-
lishing their importance as pests in tropical agri-
culture needs to be a key priority. A big obstacle 
to achieving this, however, is that in the tropics 
nematodes more often occur as mixed commu-
nities, creating difficulties in elucidating the 
pathogenicity of  the individual species present. 
The practical problems of  determining nema-
tode pathogenicity in the tropics can often be far 
more difficult than in temperate countries (Noe 
and Sikora, 1990).

Of  course, many nematodes are now recog-
nized as serious or potentially serious pests of  
tropical crops, as detailed in the following chap-
ters. In our opinion, while the vast majority of  
plant parasitic nematodes that are economically 
important in temperate zones have been studied 
in detail and their pathogenicity well estab-
lished, this is far from complete in the tropics. 
The presence of  multiple species complicates dif-
ferentiating individual species pathogenicity to 
begin with, while solid data using controlled 
studies to determine damage and yield impact 
on various crops for various nematodes remain 
wanting. In some cases, the lack of  information 
on some crops is quite astonishing. Take coffee, 
for instance: in Brazil, the nematode problem is 
viewed as a serious constraint and has nemat-
ologists dedicated to working solely on the crop, 
with state laws in place even to ensure nema-
tode-free seedling certification. In Africa, where 
coffee is a key commercial commodity in a num-
ber of  countries, there is scarce information on 
species distribution and occurrence and only 
limited nematological activity (see Chapter 15, 
this volume). Yield loss estimates, caused by 
plant parasitic nematodes across a wide range of  
crops, were listed by Sasser and Freckman (1987) 
based on information provided by 371 nemat-
ologists from 75 countries (Table 1.1) and pro-
vides a guide to potential yield loss for nematodes 
even today. The levels of  damage on susceptible 
crop cultivars as shown in that table has arguably 
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changed little, and this level of  damage is to be 
expected wherever plant parasitic nematodes at-
tack these crops (Nicol et al., 2011). Crop losses 
caused by nematodes have also been estimated 
by nematologists in the USA for temperate and 
subtropical crops (Koenning et al., 1999). The 
chapters in this book contain pertinent and 
up-to-date information on yield loss caused by 
important nematodes of  the most widely culti-
vated crops in the tropics. Each chapter docu-
ments the extent of  damage that is, or could be, 
caused by nematodes as recognized by nemat-
ologists. This documentation is important, to en-
able informed and balanced decisions for crop 
protection and management options. Unfortu-
nately, nematodes are a largely overlooked and 
neglected aspect within the agricultural and 
crop protection sector. Crop damage by nema-
todes invariably remains hidden, due to the many 
other limiting factors operating in tropical agri-
culture, especially the presence of  multiple biotic 
and abiotic stress factors operating simultan-
eously on the crop. Nematodes have rarely been 
considered or recognized as major limiting factors 
until all other constraints on yield increase have 
been removed (Bridge, 1978). Much effort, there-
fore, remains for nematologists to increase aware-
ness, knowledge and understanding of  nematode 
problems and towards developing appropriate 

approaches to sustainable management, especially 
for smallholder farmers. Greater dissemination of  
information to farmers, agricultural scientists, 
extension officers and administrators is necessary 
to implementing practical and economic means 
of  controlling nematodes, in the face of  all the 
other constraints on crop production.

Yield Interactions

Understanding and unravelling the interactions 
between nematodes and biotic as well as abiotic 
factors warrants much greater emphasis and 
needs to be placed at the forefront of  the re-
search agenda. Nematodes are never present in 
isolation, but act in combination with both bi-
otic and abiotic factors, all of  which have a com-
pounding effect on crop damage. For example, 
nematode-infected plants are often severely 
damaged when crops are cultivated under con-
ditions of  drought and/or nutrient stress in the 
tropics, and especially under tropical dryland 
semi-arid conditions. In many areas of  the world, 
where legumes are grown on degraded soils 
with marginal inputs, nematodes significantly 
intensify yield depression. Nematodes  induce 
vascular disorders and reduce root penetration 
of  the soil profile by infecting and inhibiting 
the primary root development of  seedlings. 
The resulting nematode-induced shallow root 
architecture increases the negative impact of  
moisture stress on root health and yield (see 
Chapter 23, this volume). This is a reality for 
many smallholder growers and goes unnoticed 
by most agriculturalists. Banana, plantain and 
root and tuber crop production is heavily affected 
by these types of  interactions (see Chapters 8 
and  17, this volume). Nematodes and fungi act-
ing in concert are responsible for severe root 
rotting of  both primary and secondary roots, 
causing toppling of  banana and yield loss in 
many crops. Similar interactions exist between 
nematodes and root pathogens adversely im-
pacting root architecture of  wheat and maize 
(see Chapter 6, this volume).

Climate Interactions

There are more intrinsic differences between 
temperate and tropical areas, based mainly on 

Table 1.1. Summary of estimated yield losses due 
to damage by plant parasitic nematodes worldwide. 
(From Sasser and Freckman, 1987.)

Crop Loss (%) Crop Loss (%)

Aubergine 16.9 Oat 4.2
Banana 19.7 Okra 20.4
Barley 6.3 Papaya 15.1
Cacao 10.5 Pepper 12.2
Cassava 8.4 Pigeon pea 13.2
Chickpea 13.7 Pineapple 14.9
Citrus 14.2 Potato 12.2
Coconut 17.1 Rice 10.0
Coffee 15.0 Sorghum 6.9
Cotton 10.7 Soybean 10.6
Cowpea 15.1 Sugarbeet 10.9
Field bean 10.9 Sugarcane 15.3
Grape 12.5 Sweet potato 10.2
Groundnut 12.0 Tea 8.2
Guava 10.8 Tobacco 14.7
Maize 10.2 Tomato 20.6
Melon 13.8 Wheat 7.0
Millet 11.8 Yam 17.7
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the wide diversity of  nematodes, crops and agri-
cultural systems. The range and severity of  
parasitism on all living organisms, humans, ani-
mals and plants, is greater in the tropics. Plant 
parasitic nematodes generally have shorter life 
cycles, resulting in a more rapid population in-
crease than in temperate areas. For example, in 
temperate areas, Heterodera spp. generally pro-
duce one or two generations per year, whereas 
Heterodera oryzae, in West Africa, produces one 
generation every 25 days (Merny, 1966). Con-
versely, the 4- to 8-week duration of  a life cycle 
of  the northern root knot nematode M. hapla 
compared with the tropical species M. incognita 
and M. javanica are similar to each other, whereas 
M. graminicola on rice completes a life cycle in 
less than 20 days. Since the completion of  a life 
cycle is usually temperature dependent, as glo-
bal climates become warmer, the number of  life 
cycles will increase on a per season basis in the 
tropics, adding to the importance of  nematodes 
as limiting factors. The damage caused will re-
duce root penetration in soil, cause deformation 
in root architecture and thereby decrease yields. 
In the distant future, nematologists will be con-
fronted increasingly with these types of  biotic–
abiotic interrelationships and their effects on 
root growth, and thereby yield.

Multispecies Infections

Crops are often attacked simultaneously by a 
number of  economically important nematodes. 
In temperate areas, there may be ‘secondary 
species’, but most often there is one main, easily 
recognizable nematode parasite of  a crop, on 
which control efforts can be focused. This is not 
the case for many tropical crops, where a num-
ber of  species of  several different genera may be 
major parasites of  a crop.

Sugarcane is a good example, which can be 
affected by 10–20 different species in a single 
field, such as Meloidogyne, Heterodera, Achlysiella, 
Pratylenchus, Xiphinema and Paratrichodorus. 
Multispecies nematode infections have a num-
ber of  consequences concerning their control. 
First, they can seriously hinder the establish-
ment of  an effective crop rotation, as the host 
status of  each crop will differ depending on the 
nematode species present. A good example of  this 
phenomenon was experienced in Côte d’Ivoire, 

where Crotalaria was recommended as an inter-
crop to control Meloidogyne spp. on pineapple. 
The intercrop provided effective control of  the 
root knot nematodes, but increased Pratylenchus 
brachyurus densities to levels that were at least as 
harmful to the crop as Meloidogyne spp. Other 
such examples include the nematodes parasitiz-
ing wheat, where multiple species of  Heterodera 
are often found with multiple species of  Pratylen-
chus (see Chapter 6, this volume).

Multispecies infections further complicate 
the search for host resistance against nematodes; 
targeting one nematode species, while proving 
potentially useful, is normally not sufficient in 
the tropics. This is very clear in wheat, where 
cyst nematodes and root lesion nematodes are 
found concomitantly along with root rotting 
fungi (see Chapter 6, this volume). Similarly, in 
both commercial and smallholder banana pro-
duction, a range of  foliar and root diseases com-
bine to exaggerate losses in fields infested with 
multiple species of  important nematodes (see 
Chapter 17, this volume). The lesson of  breeding 
for resistance to one species of  nematode should 
have been learned following the emergence of  
the potato cyst nematode G. pallida following the 
development of  G. rostochiensis resistant culti-
vars. The recent detection of  a new and aggres-
sive species of  root knot, M. floridensis, which was 
detected because it was not parasitized by the 
 obligate bacterial parasite, Pasteuria penetrans, 
should also be mentioned. Strong differences in 
the level of  aggressiveness among populations of  
R. similis attacking banana will also affect future 
integrated pest management strategies.

Management

The most fundamental differences between trop-
ical agriculture and temperate agriculture, which 
markedly affects the study and control of  plant 
parasitic nematodes, are the crops that are grown, 
the cultural practices and the farming systems. 
A substantial proportion of  crops in the tropics 
are propagated vegetatively, in contrast to the de-
pendence on seed-reproduced plants in temperate 
zones. This makes a profound difference in terms 
of  the dissemination of  nematodes, through un-
treated infected planting material. Commercial 
plantation crops are a common feature of  tropical 
agriculture, but by far the largest proportion of  
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cultivated land is farmed on smallholdings, using 
an exceptional range of  crops, including cash and 
utility crops, through traditional cropping prac-
tices with limited external inputs. The outstand-
ing feature of  traditional agriculture is the 
complexity of  cropping systems and the cultiva-
tion methods involved (Bridge, 1996). In con-
trast, modern farming in temperate zones is 
comparatively uncomplicated, and the study and 
control of  the nematodes is also, in comparison, 
relatively straightforward. The many different 
farming systems operating in the tropics fall into 
four main categories: (i) shifting cultivation;(ii) 
lay or fallow farming; (iii) permanent cultivation; 
and (iv) multiple cropping. In some of  these farm-
ing systems, nematodes are less likely to be caus-
ing damage; in others, the cultivation practices 
will enhance greatly the risk of  nematodes caus-
ing serious yield losses (Bridge, 1987).

The nematode management methods that 
theoretically can be employed in tropical coun-
tries differ little from those used in temperate 
zones, but in practice they are more difficult to 
implement and need to be modified considerably 
in many circumstances (see Chapter 23 and 
 individual chapters, this volume). There will be 
 obvious differences in nematode management 
between low- and high-income countries and 
between large-scale commercial farms/plant-
ations compared with smallholder farms using 
traditional cultivation systems.

Chemical nematicide treatment of  soil has 
been a recognized means of  nematode control in 
temperate zones and for large-scale commercial 
crop production in the tropics. The removal from 
use of  many of  these products has, however, 
shifted focus to alternative means and options, 
and in many ways has driven the search for 
more suitable alternatives. However, for most 
smallholder production systems in the tropics, 
synthetic chemical pesticides are not used, nor 
relied on, except for some cash crop and perish-
able vegetable production. Limited awareness of  
pest and disease causal agents, which products 
to apply, and a less than efficient pesticide supply 
chain lead to the misuse and abuse of  pesticides. 
Correcting this serious problem requires a con-
solidated effort on the part of  nematologists. 
Studies on vegetable production systems, target-
ing the use of  healthy seedlings to remove root 
knot nematode infection and other diseases, 
compared with smallholder traditional farmer 

seedling systems significantly reduced overall 
pest and disease levels and the need for pesti-
cides, resulting in higher, better-quality yields 
(see Chapter 10, this volume). Knowledge of  
nematode problems and addressing them can 
consequently have far-reaching effects, with 
multiple benefits. Nematicides with new modes 
of  action that are effective and environmentally 
acceptable are now entering the market. The de-
velopment of  new and targeted forms of  applica-
tion technology, for example seed coating or 
application through drip-irrigation systems, is 
now well developed. Many of  the compounds on 
the market have systemic activity. It should be 
noted that when applied at the recommended 
doses, many, if  not all, of  these compounds will 
protect the plant in the pathozone by the inacti-
vation or mortality of  nematodes, but will not 
reduce nematode population densities in the 
field unless repeated applications are performed.

The modification of  existing agricultural 
practices in order to manage nematodes is one of  
the most acceptable alternatives to chemical con-
trol for both smallholder and large-scale farmers 
in the tropics. Crop rotation can vary from 
non-existent, where there is continuous cultiva-
tion of  susceptible, sequentially planted crops, 
through what can be termed random  rotation, to 
a relatively sophisticated form of  rotation. How-
ever, most rotation schemes in operation have 
been designed to prevent disease outbreaks, re-
duce risk or increase available nutrients, and are 
not always compatible with nematode control. 
With an understanding of  the nematodes in-
volved and the accepted cropping systems, modi-
fications can be made to produce effective control 
by the rotation of  crops. In  order to develop or 
recommend rotations, including the use of  resist-
ant cultivars, accurate information on the nema-
tode species present is necessary. The absence of  
such information undermines our ability to make 
recommendations confidently. Many cultural 
methods, apart from rotation, can be used, and 
are outlined in the following chapters.

Resistant Cultivars and Genetic 
 Modification

Host resistance produces the most dramatic in-
creases in the yield of  many crops and, when 
available, provides a major and desirable solution 
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to nematode problems. This is particularly true 
with regards to the problems facing smallholder 
farms where other inputs are inaccessible. 
Wherever resistant cultivars are available, their 
use should be recommended, but, importantly, 
they should be used in concert with other inte-
grated control techniques to avoid the selection 
of  resistant-breaking populations, a phenom-
enon encountered with G. pallida, H. glycines and 
M. incognita. However, in many, if  not most, of  
the crops covered in this book, there is little or no 
known source of  resistance for breeding pro-
grammes. For vegetatively propagated crops, 
breeding for new traits can also be very pro-
tracted and frustrating. Banana and yam, for in-
stance, both pose major challenges for breeding, 
given their polyploidy, low fertility, seed set and 
germination, combined with limited sources of  
resistance.

A number of  difficulties affect the introduc-
tion of  resistant cultivars to tropical countries. 
A major hurdle is the practical introduction of  
these cultivars, with bureaucratic release pol-
icies and often lengthy and physical supply net-
works that are cumbersome or disorganized in 
some countries. Where resistant cultivars are 
available and suited to the conditions prevailing 
in a country, many other factors need to be taken 
into account. For instance, smallholder farmers, 
and often agricultural staff, are unaware that 
nematodes comprise numerous species and are 
not just a single species. Often, these farmers are 
completely unaware of  nematodes in the first 
place. Consequently, a label stating ‘resistant to 
nematodes’ does not provide them with the blan-
ket control they are expecting. And critical to this 
is knowledge on the nematode species (or strain) 
of  concern. A major vegetable export company 
in Ethiopia, for instance, grafted a costly, 
high-yielding hybrid cultivar on to ‘nematode- 
resistant’ rootstock imported from Europe to 
control a root knot nematode problem. This 
failed due to incorrect diagnosis of  the Meloido-
gyne species present versus the resistance con-
ferred by the rootstock, at great cost to the farm. 
Farmers are generally unaware that resistance 
to one species of  nematode does not necessarily 
mean resistance to others, or that the Mi gene in 
tomato breaks down at high temperatures. One 
of  the successes made to date for managing 
nematodes worldwide is resistance to genera 
 belonging to the Heteroderidae, which have a 

highly developed host–parasite relationship where 
cell modification occurs and is required for suc-
cessful reproduction of  the nematodes (Luc and 
Reversat, 1985). However, many tropical plant 
parasitic nematodes belong to migratory endo-
parasitic groups, which cause cell destruction 
without modifying the host tissues and may be 
more difficult to control with gene modification; 
for example, species in the genera Radopholus, 
Pratylenchus, Hirschmanniella, Scutellonema and 
Hoplolaimus. In the tropics, the  occurrence of  mul-
tiple nematode species on individual crops can 
also render single species resistance of  limited 
use, as one damaging species can come to dom-
inate relatively quickly with the suppression of  
another. There will again be a marked contrast 
in what can be achieved with the commercial 
producer compared with the smallholder farmer, 
but consideration has to be given to both. A good 
illustration of  this difficulty followed the intro-
duction of  dwarf  rice  cultivars to prevent lodg-
ing in South-east Asia (Mydral, 1974), which 
did not account for local smallholder needs, de-
priving people of  their usual source of  rice straw 
for animal feed, bedding and thatching.

The recent development of  transgenic plants 
with resistance to insects, and the detection of  
genes in the plant that are responsible for giant 
cell formation, as well as genes in plants needed 
for protein synthesis by the nematodes, may lead 
to new forms of  resistance. The importance of  
this technology to smallholder and commercial 
growers, to the different nematode groups and 
crops, although highly publicized, will take years 
to have an impact, as well as trickling down to 
the smallholder growers. The cost and duration 
of  developing transgenic crops will undoubtedly 
outlive the current edition of  this book.

There was, and remains, a degree of  opti-
mism concerning the future use of  genetic en-
gineering for nematode resistance. This approach 
would be especially important where sources of  
resistance are not known in the target crop. An-
other key advantage is that culturally preferred 
cultivars can be targeted, ensuring ultimate 
market acceptance in respect to preferred traits. 
Gene manipulated lines with resistance to nema-
todes have been developed (Lilley et al., 2011; 
Roderick et al., 2012; Ali et al., 2017), with some 
promising reports of  nematode control (Atkinson 
et al., 2012; Tripathi et al., 2015). Unfortunately, 
this technology has yet to result in marketable 
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cultivars, due in part to the lengthy process of  de-
veloping biosafety regulations for each country 
concerned and consumer acceptance of  the prod-
ucts of  this new technology. At the present time, 
there seems to be a lull in  reports of  progress.

Research Centres and Capacity 
Building

The first nematology laboratory established in 
the tropics was in West Africa (by ORSTOM 
( Office de la Recherche Scientifique et Technique 
d’Outre-Mer) in Côte d’Ivoire) in 1955, when 
just nine published references relating to plant 
parasitic nematodes were available for the whole 
of  West Africa and Zaire. With the strong sup-
port of  the nematologists working in the UK, a 
thrust was made to develop the field of  nemat-
ology in many of  the Commonwealth countries 
during the 20th century. The first laboratories 
were established in India and Kenya, with a great 
deal of  our initial information on nematodes 
from the tropics gained from these countries.

Nematology centres have since been estab-
lished in a number of  tropical countries around 
the world. In addition, a number of  research hubs 
exist today, where teams of  nematologists are link-
ing closely with institutions and advancing nem-
atology collaboration. Such hubs are now found 
in Brazil, Egypt, India, Israel, Italy, Kenya, Mexico, 
Nigeria, Pakistan, South Africa, south-east, south 
and south-western USA and Spain. Within the 
International Agricultural Research Centres net-
work (CGIAR), IITA (International Institute of  
Tropical Agriculture) and CIMMYT (International 
Maize and Wheat Improvement Center) nemat-
ologists are important drivers in coordinating and 
stimulating research on food crops in Africa and 
Asia. A significant amount of  collaboration exists 
between  scientists working in subtropical and 
temperate countries who are conducting research 
and supporting capacity building in the tropics.

Nematology laboratories established in the 
latter half  of  the 20th century in tropical regions 
needed to take a fresh look at nematode prob-
lems. Basic survey work was often (and still is) 
necessary to determine initially which problems 
existed and to identify accurately which nema-
todes were present (determination, systematics), 
followed by establishing which nematodes were 
harmful or economically important, and finally 

deciding on which treatments or methods were 
appropriate for their management. Many major 
problems involving nematodes now have recog-
nized management options available, while re-
search efforts are required for others, in particular 
where multiple species occur in the same crop or 
field. Some examples include the Pratylenchus 
spp.–root rotting fungi complex on East African 
Highland bananas and plantains; multiple spe-
cies infections of  lesion and ectoparasitic nema-
todes on  African and Asian tuber crops; the 
development of  virulent populations of  potato 
and soybean cyst nematodes; as well as severe 
problems with the cyst–root lesion nematode 
complex on wheat in North Africa, the Middle 
East and West Asia. The latter complex is ex-
tremely damaging, due to interactions with root 
rotting fungi (see relevant chapters, this volume).

There are an estimated 1600 active nemat-
ologists registered as members of  the major soci-
eties of  nematology in India, Brazil, Pakistan, 
Nigeria, the USA (SON, Society of  Nematologists), 
EU (ESN, European Society of  Nematologists) and 
Latin America (ONTA, Organization of  Nematolo-
gists of  Tropical America) (R.A. Sikora, University 
of  Bonn, Germany, 2017, personal communica-
tion). The present trend of  downsizing in all fields 
of  agricultural research needs to be rectified. The 
disappearance of  diagnostic laboratories and 
qualified taxonomists is a problem that is espe-
cially important as it relates to quarantine, where 
decisions on nematodes detected in samples, in 
particular species’ and virulent populations’ des-
ignations, need to be made almost spontaneously.

The number of  MSc and PhD students from 
the tropics studying nematology in major univer-
sities worldwide has increased drastically, and 
these students are now offering nematology pro-
grammes in national universities worldwide. A 
major thrust to promote capacity building was 
through the establishment of  the PINC MSc 
 programme (Postgraduate International Nemat-
ology Course) at the University of  Ghent, Belgium. 
The programme has trained over 300 nematolo-
gists since its inception in 1992, the vast majority 
coming from and returning to the subtropics and 
tropics. The programme is presently expanding to 
include satellite modules based in Ethiopia and 
Kenya to better serve the demands of  subtropical 
and tropical nematology.

Between 2005 and 2010, an advanced re-
search and training programme was initiated to 



 Nematology in Subtropical and Tropical Agriculture 13

build capacity in plant nematology in East and 
Southern Africa funded by the Gatsby Charit-
able Trust. Research centres in Kenya, Uganda, 
 Tanzania, Malawi and Zimbabwe collaborated 
with Rothamsted International, the University 
of  Reading and CABI Bioscience in the UK to im-
prove nematological research in eastern Africa. 
This programme was important in that it not 
only developed capacity but also contributed 
 significantly to the upgrade of  laboratories, with 
much needed equipment. Advanced research 
and training agricultural programmes with a 
strong emphasis on nematology were also devel-
oped in Brazil (Souza, 2017) and South Africa 
(Fourie et al., 2017), with both programmes sup-
ported by very active nematology societies.

Stronger links need to be established be-
tween nematologists working in the tropics, 
both scientifically as well as financially. The pos-
sible formation of  a new international consor-
tium with multiple country funding needs to be 
promoted. In the future, it may be necessary to 
 develop ‘virtual hubs’ or ‘centres of  excellence’ 
in diagnostics for use by nematologists, breeders, 
agronomists and extensionists working in the 
tropics to support nematology in the field of  spe-
cies identification. The use of  modern computer 
and digital imaging may allow access to existing 
centres of  competence in systematics, for ex-
ample in Ghent (Belgium), Aligarh (India), mul-
tiple laboratories in the USA, Braunschweig 
(Germany), Bari (Italy), Wageningen (the Neth-
erlands),  Sophia Antipolis (France) and EMBRA-
PA stations in  Brazil, to name a few. There is 
scope for building on the fast-developing use of  
digital imaging for virtual diagnosis via elec-
tronic means.

Funding

Nematology research in the tropics is under-
funded, and there remains a shortage of  nemat-
ologists to work on problems. Sasser and 
Freckman (1987) estimated that less than 0.2% 
of  the crop value lost to nematodes worldwide 
was invested to fund nematological research to 
combat these losses, a value that likely exceeded 
US$100 billion annually. In our opinion, support 
has, if  anything, decreased over time, due in 
part to the overall reduction in emphasis on 
funding for agricultural research worldwide, but 

notwithstanding a lack of  visibility of  the science 
with donors and its consequent (inevitable) neglect.

Furthermore, the percentage of  funding for 
nematological research in the tropics is consid-
erably less than it is in most temperate countries, 
making the amount infinitesimal. Examination 
of  the senior scientific staff  in the CGIAR Centres 
over a 20-year period, for example, showed that 
while overall numbers of  scientists increased 
markedly, nematologists remained unchanged 
at a bare minimum, and proportionately becom-
ing much less (Sharma et al., 1997). Since 1997, 
the situation has changed little, and within the 
CGIAR today there are but a handful to cover the 
seemingly escalating nematode problems. This is 
important, in that these nematologists act as a 
crucial link within the scientific community in 
areas where working conditions can be very 
challenging (Coyne et al., 2014).

The need for research in tropical agriculture 
is greater than ever before, with the extreme 
problems facing food production in smallholder 
farms, in addition to the considerable losses in 
commercial farms. Many temperate countries 
are suffering the embarrassment of  massive food 
surpluses, which are not transferable or only at a 
high cost to the less developed world. The major-
ity of  countries in the tropics have shortfalls in 
the production of  most crops that can exceed 
80% of  that attained in temperate agriculture. 
Improved crop productivity and food security is 
necessary to raise the nutritional level of  bur-
geoning populations, as well as to the economy 
through important export crop commodities. For 
the most part, this increase in production can be 
reached even at the small farm level, using the 
often lacking good farming principles. Solving 
nematode problems, on the other hand, will play 
an important part in improving crop yields to the 
benefit of  all farmers, and thereby consumers 
and the national economy. It falls to each and 
every nematologist to create and extend aware-
ness of  nematode problems, in a moderated and 
pragmatic manner that encapsulates the issue 
realistically – without exaggeration.

Anticipating Future Challenges  
to Nematology

In previous versions of  this chapter (Luc et al., 
1990, 2005) and in the reviews by Taylor (1976), 
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De Waele and Elsen (2007), Ciancio (2015) and 
Talwana et al. (2016), factors important to the 
practical management of  nematological prob-
lems in the tropics were discussed and elabor-
ated on. Emphasis was placed on the attention 
that needed to be taken to make practical man-
agement applicable for the tropics, including: 
the need for taxonomy and diagnostics, yield loss 
studies, extension, disease complexes and multi-
disciplinary research. In this chapter, we have 
discussed most of  these issues with present-day 
knowledge.

To generate discussion and stimulate our 
thought processes with regards to the future of  
tropical nematology, we decided to try to antici-
pate the status of  agriculture and nematology in 
the tropics in the distant future (Tables 1.2 and 
1.3). We use the concept of  anticipation that in-
volves natural, formal and social systems to de-
velop intentionally or unintentionally ideas of  a 
future so that we can act effectively in the pre-
sent (Poli, 2014). Hopefully, the thought-provok-
ing statements made on the future of  agriculture 
and nematology will help us to foresee the prob-
lems tropical nematology will face as time ad-
vances from 2017 to 2050 and 2100. Our goal 
is to stimulate discussion on scientific advance-
ment in nematology as it relates to changes in 
agriculture over time. The 83-year timespan in 
the tables is approximately three scientist gener-
ations at a major research institution, or that of  
our successor’s successor and beyond.

The changes taking place in the tropical re-
gions of  the world now and in the future are and 
will be immense: increasing population densities, 
mass urbanization, migration, severe climate 
change impacts, expanding levels of  soil degrad-
ation, loss of  soil fertility, as well as increasing 
levels of  hunger and malnutrition in many trop-
ical countries. These factors will affect how trop-
ical agriculture and nematology will be organized 
and directed in the future. These interacting fac-
tors will have a life-changing impact on human 
migration and food production. What is the role 
of  nematology in the future?

If  we consider the anticipated changes af-
fecting agriculture and nematology in the future 
as an outcome of  overpopulation, degradation 
of  agricultural soils, climate change and a lack 
of  adequate pest and disease management, nem-
atology in the tropics will face major challenges 
in the future. Some of  the challenges that need 

to be considered for research in the future in-
clude the following:

• Determine the impact of  nematodes on 
crop yield in smallholder agriculture.

• Clarify the importance of  multispecies com-
plexes in crop loss.

• Examine the importance of  nematode– 
fungal root rot interactions.

• Determine nematode impact in mixed crop-
ping systems.

• Improve the understanding of  nematode–
abiotic stress interactions on yield.

• Work with breeders to develop resistant/
tolerant cultivars.

• Introduce conservation agriculture to im-
prove soil and crop resiliency.

• Expand research on biological control and 
soil antagonistic potential.

• Study the impact of  nematode–abiotic 
stress interactions on root architecture.

• Expand diagnostic tools to all economically 
important tropical nematodes.

• Monitor crops for emerging nematode 
problems.

• Determine temperature distribution patterns.

• Expand research to include endo- and ecto-
parasitic species.

• Strengthen quarantine through advanced 
training.

• Improve nematode control on large-holder 
farms to attain maximum yield.

• Transfer proven management techniques 
to smallholders.

• Develop management programmes to pre-
vent loss of  resistance.

• Educate on the safe use of  nematicides.

• Promote targeted management technolo-
gies, such as seed treatment.

• Advance the use of  remote sensing.

• Improve knowledge transfer to all farmers 
with Internet technology.

• Promote scientific cooperation between 
major centres of  nematology.

• Collaborate in attracting funding for  research 
conducted in the tropics.

• Work in the present but anticipate the 
 future.

We have outlined some of  the difficulties 
facing nematology in the tropics and listed 
the challenges we believe are important. We 
wish to emphasize that none of  the anticipated 



 
N

em
atology in S

ubtropical and Tropical A
griculture 

15

Table 1.2. Anticipation of future developments in agriculture in the tropics from 2017 to 2050 and 2100.

Status of Agriculture

Current 2050 2100

 1. Human population reaches 7 billion
 2. Atmospheric temperature +1°C
 3. Drought and high temperature reduce yields in 

dryland framing sporadically
 4. Production on largescale farms near stagnating
 5. Yields very low smallholder farms in tropics

 6. Smallholder farms in tropics decreasing in  
size < than 1–2 ha

 7. Smallholder farm yield <80% of largescale 
farms

 8. Land reform often absent
 9. Input subsidies lacking
10. Soil degradation extreme
11. World food reserves < 60 days
12. Food shortages common
13. Hunger common in many tropical countries
14. Migration to mega cities accelerates

15. Food production needs to rise 2% annually to 
feed populations

16. Rising sea levels predicted irrigated lowland 
rice affected

17. Demand for meat increasing worldwide
18. Lack of horticultural products affect nutrition

19. Food production per capita at all time low

 1. Human population reaches 9.5 billion
 2. Atmospheric temperature +2°C
 3. Droughts and high temperature repeatedly limit 

production in semiarid and tropical-dry regions
 4. Production on large farms slightly improved
 5. Yields improve marginally in smallholder 

farms in the tropics
 6. Small farm size begin to increase in size

 7. Smallholder farms yields begin to improve

 8. Land reform being adapted
 9. Input subsidies stimulate yield
10. Soil quality improving slowly
11. World food reserves recover
12. Food shortages reduced
13. Hunger levels reduced as production improves
14. Migration to mega-cities shifts to med-size 

cities and slows
15. Food production increases steadily

16. Rising sea levels promote upland rice

17. Demand for meat beginning to stagnate
18. Cooperatives and peri-urban horticulture 

increases
19. Food production per capita adequate

 1. Human population exceeds 11.5 billion
 2. Atmospheric temperature +4°C
 3. Drought and high temperatures prevents crop 

production is many semiarid regions
 4. Production on large farms maximized
 5. Smallholder farm yields increase greatly with 

good farming practices
 6. Small farm size expands greatly with new land 

reform laws
 7. Smallholder farm yields improve significantly

 8. Land reform effective
 9. Inputs increase production levels
10. Soil quality significantly improved
11. World food reserves at all time high
12. Food shortages a thing of the past
13. Hunger no longer a major problem worldwide
14. Migration stabilizes toward midsize cities

15. Cooperatives common and aiding yield stability

16. Upland rice production predominates

17. Demand for meat decreased significantly
18. Demand for high quality horticultural products 

rises
19. Food production per capita keeping pace with 

human growth



Table 1.3. Anticipation of future developments in nematology in the tropics from 2017 to 2050 and 2100.

Nematology

Current 2050 2100

 1. Crop yield in semiarid and tropical-dry zones anticipated
 2. Climate change impact on nematode damage expected

 3. Yield loss underestimated in smallholder farms –SHF

 4. Nematode impact on root architecture underestimated

 5. SHF do not recognize nematode damage in  
mixed-crop systems

 6. Multi-species nematode impact not researched

 7. Breeders still lack sources of resistance to many 
nematodes

 8. Low soil fertility-nematode interactions poorly researched
 9. SHF mixed cropping systems mask nematode damage
10. New emerging nematode problems going unnoticed
11. Nematode interactions with root pathogens poorly 

understood
12. Diagnostic identification tools lacking for many species
13. Agricultural science at universities in decline
14. Nematology extension virtually non-existent
15. Applied nematology positions on a decline, funding poor
16. IPM limited to largescale farms and monocrop systems

17. Invasive nematode spreading understaffed quarantine

18. Minimum tillage on smallholder farms absent, organic 
matter low

19. Antagonistic and ecosystem services not used in IPM
20. Presence of resistance breaking populations unknown

21. Genetically modified nematode resistant crops  
unavailable

22. Chemical & biological nematicides in development

23. Remote sensing well researched but limited adaption in 
field

24. SHF what is the unseen enemy?

 1. Yield losses in these zones increases significantly
 2. Warmer climates responsible for rise in nematode damage

 3. Yield losses measured in SHF and nematode damage 
recognized

 4. Nematode impact on root structure recognized by 
breeders

 5. Nematode damage on SHF recognized, control lacking

 6. Molecular tools improve multi-species research

 7. Breeders develop cultivars with drought/ nematode 
resistance

 8. Soil fertility-nematode complexity investigated
 9. SHF moves to fewer crops, nematode damage increases
10. Emerging nematode problems detected and studied
11. Complex interactions research still poorly studied

12. Diagnostic identification available for important species
13. Importance of applied agricultural science recognized
14. Nematology extension expanding, internet based
15. Applied nematology positions increase, funding increases
16. IPM targets major pests on large and SHF systems

17. Invasive nematodes impacting production, quarantine 
improved

18. Minimum tillage increases organic matter

19. Effective measurement of eco-system potential attained
20. Resistant breaking populations in important species 

identified
21. Genetically modified crops with nematode resistance a 

reality
22. Chemical/biological nematicide synergism used in IPM

23. Remote sensing used for site specific IPM, robots use 
tested

24. SHF recognize the unseen enemy

 1. Some of these areas no longer productive for dry land farming
 2. Nematode generations/season, damage increases 

significantly
 3. Yield increases with site- and crop-specific IPM management

 4. Cultivars with nematode and drought resistance available

 5. Management tools for major nematode problems available

 6. Resistant/tolerant cultivars for multi-species problems 
developed

 7. Nematode/drought resistant cultivars are available

 8. Management for soil fertility - nematode complexity available
 9. Near monoculture conditions promote nematodes damage
10. New nematode problems addressed with IPM
11. Multispecies and complex interactions well researched

12. Diagnostic tools in available for extension nematologists
13. Agricultural universities develop major hubs of expertise
14. Nematology extension reaches all farmers digitally
15. Applied nematology is given high priority, strong funding
16. IPM is farmer driven and site specific and extension 

supported
17. Invasive spread reduced, quarantine effective in tropics

18. Minimum tillage widespread and improves eco-services

19. Antagonistic potential and ecosystem resiliency part of IPM
20. New resistant cultivars detected and available

21. Genetically modified resistance available for site-specific use

22. New forms of nematicides and innovative applications 
developed

23. Remote, micro-sensors and robots used in large scale IPM

24. IPM of Unseen enemy practiced
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problems facing agriculture in the tropics in 
the future are insurmountable with the appro-
priate effort, expertise and backing. You will 
notice, reading through the various chapters, 
that a great deal of  new knowledge on the im-
portance of  nematodes as plant parasites, and 
more relevantly the successes in their manage-
ment, has been accumulated by nematologists 

since the printing of  the second edition. We es-
timate that over 10,000 research articles have 
been published on tropical nematodes affecting 
crops since the last edition of  this book, and 
many of  these have been integrated in the 
chapters in this book. We anticipate, and look 
forward to, a bright and successful future for 
nematology.
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