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Foreword

This textbook entitled ‘‘Plant Virus and
Viroid Diseases in the Tropics-Volume 2:
Epidemiology and Management’’ is an ideal
introduction to the subject written for stu-
dents, practitioners and researchers by Drs.
K. Subramanya Sastry and T. A. Zitter. The
authors focused on physical and biological
factors that favor epiphytotics, including
weeds that can constitute virus reservoirs as
well as breeding foci for vectors. Virus
properties, survival and spread by inverte-
brate vectors, nematodes and fungi, are fol-
lowed by the description of spatial
dynamics, disease gradients, forecasting,

and mathematical modeling techniques. Seven important tropical diseases their
ecology and epidemiological aspects are described in detail.

In the Chap. 1, the well organized overview of virus survival and spread,
disease forecasting, disease gradients and progress curves, systems analysis and
simulation models are covered.

The Chap. 2, the authors have presented the outlines of the management of
tropical plant virus and viroid diseases, the selection of virus-free seed and
propagules, techniques of production of virus-free plant materials by biotechno-
logical strategies, barrier cropping, time of planting, eliminating of weeds, use of
insecticides and use of transgenic plants-the most effective control measure.

The important role of plant quarantine is stressed. Certification schemes for
seed-borne viruses in lettuce, barley, pea, beans, soybean, cowpea and peanuts, as
well as production of virus-free plants and certification schemes through tissue
culture techniques are discussed for cassava, citrus, potato, sugarcane and other
plants. Cultural practices and phytosanitation in virus and viroid diseases, as well
as cross-protection in fourteen virus diseases are described in detail.

Control of vectors by oil and insecticides are discussed in great detail, as is also
the use of aluminum mulches for vector control. Sources of resistance and
transgenic approaches to viral and viroid diseases, benefits and risks, are
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enumerated. Technical guidelines for exchange of germplasm and breeding lines,
with detailed descriptions of methods of plant importation are described.

This authoritative review will provide a unique education platform to the
readers, so that they can keep in touch with the latest developments in the field of
tropical plant virus diseases. Drs. K. Subramanya Sastry and T. A. Zitter have
substantial practice in tropical plant viruses and this invaluable book is meticu-
lously researched. It will appeal to all those with an interest in tropical plant virus
diseases and their control.

New Brunswick, USA Karl Maramorosch

vi Foreword



Preface

Many of the world’s most important food crops are grown in the tropics and major
crops like rice, maize, wheat, sorghum, barley, tomato, chillies, okra, peas, peanut,
sunflower, cucurbits, pigeonpea, etc., are raised through true seed, whereas cas-
sava, potato, sweet potato, sugarcane, cocoa, avocado, apples, banana, and other
fruit crops are grown through vegetative propagated materials like tubers, sets,
rhizomes, cuttings, budwood, etc. Almost all these crops are affected by important
virus and viroid diseases besides fungal and bacterial diseases. However, emer-
gence of new viruses and virus strains of existing viruses, along with changing
contexts due to agricultural intensification and climate change have been creating
new challenges and demanding an even greater effort to overcome hurdles to
increase agricultural productivity, food availability, and economic development.
These diseases are responsible for heavy yield losses. We have definite chemical
measures against fungal and bacterial diseases, whereas until now no promising
viricides have been developed to control virus spread.

Disease-free crops and plants are of great economic and social importance in
feeding the world population. The thrust of the book Volume-2 is on virus and
viroid disease in the tropics in order to provide the latest information on ecology,
epidemiology, and management of virus and viroid diseases in southeastern Asian
countries, the African, and South American continents, which fall within the
tropical zone. Plant viruses are a matter of great concern globally, but effective
management measures against plant viruses requires a clear understanding of their
ecology and epidemiology.

Environmental factors like rainfall, wind velocity, soil conditions, temperature,
and moisture play a major role in crop production. Among the major virus diseases
that are encountered in tropical zones are tungro, yellow mottle and hoja blanca in
rice, mosaic in sugarcane, mosaic in cassava, tristeza in citrus, swollen shoot
in cacao, sterility mosaic in pigeonpea, rosette and bud necrosis in peanut, necrosis
in sunflower and legumes (vegetables and ornamental crops), leaf curl in cotton and
tomato, and ringspot in papaya. Key factors for emergence of new plant virus and
virus-like diseases include the intensification of agricultural trade (globalization),
changes in cropping systems (crop diversification), and climate change.

In this second volume, the list of plant virus genus and species according to 9th
ICTV classification and the latest techniques of plant virus diagnosis are included. In
the Chap. 1 along with information on various aspects of ecology and epidemiology
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of plant viruses of tropics, we examine the physical and biological factors which are
favorable for epiphytotics to develop. Various aspects related to survival and spread
of virus and viroids are also presented as well. For an easier understanding of
epidemiology, aspects of disease progress curves, mathematical modeling tech-
niques, and systems analysis and simulation models are discussed.

In the Chap. 2, comprehensive information on plant virus management are
included. The ultimate goal of plant pathologists is to effectively manage the virus
and viroid diseases of tropical crops. This topic is quite extensively covered on
various relevant aspects including integrated disease management practices. In this
chapter, various aspects of disease management like the production of virus-free
planting materials through certification schemes for crops like cassava, sweet
potato, potato, citrus, banana, grapes, strawberry, pome, stone fruits, ornamental
bulbous crops that helps in production of virus-free planting materials are dis-
cussed. Similarly, new steps on true seed certification schemes for certain legumes
are provided. Cultural practices including rouging, border cropping, plant density,
elimination of the virus sources, etc., are discussed. Vector control through the
application of insecticides and oils or both are found to be effective in certain
virus–host combinations are presented. Available success stories of different
horticultural crops with cross-protection techniques are included. Development of
pathogen-resistant transgenics for the management of virus and viroid diseases are
also added. In the present world globalization, plant quarantines play a major role
in almost all countries to exclude the entry of new diseases while importing the
germplasm from other countries for research and agricultural purposes.

Information on the key factors of virus epidemiology in certain tropical
countries is an important step towards the development of management measures
against virus and viroid diseases. Identification of risk factors that contribute to
virus outbreaks need to be intensified and integrated disease management (IDM)
strategy in reducing the impact of these virus diseases needs to be continued
throughout the tropical countries. Nevertheless, integrated control measures have
evident benefits and should be fostered and promoted as a means of enhancing
crop productivity to meet the increasing demands of burgeoning human popula-
tion. Originally, the authors have planned to confine to the aspects of virus epi-
demiology and management of tropical zone only. But to provide more
information and clarity of the subject, it was inevitable for us to include the
research results of temperate crops also, since some of the crops are grown in both
zones.

It is hoped that the information provided in this volume on various aspects of
virus and viroid diseases of tropical crops would be useful to research scientists,
seed companies, quarantine personnel and institutions of both research and
teaching.

Tirupathi, India K. Subramanya Sastry
Ithaca, USA Thomas A. Zitter
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Chapter 1
Ecology and Epidemiology of Virus
and Viroid Diseases of Tropical Crops

1.1 Introduction

Generally for distinguishing the differences between the terms ecology and epi-
demiology, there are no clear cut differences. The ecology describes the factors
influencing the behavior of a virus in a given physical situation. These factors
include host-range, tissue tropism, pathogenesis and host responses. It is a fun-
damental concept based on the relational properties of the virus and is not a
property of the environment. Epidemiology is the study of the determinants,
dynamics and distribution of disease caused by virus and virus-like pathogens in
host populations over time and space. It includes a dimensional aspect of the
factors determining the spread of a virus into a given situation, as it is influenced
by environmental factors, rate of pathogen (virus), reproduction, mode of viral
dispersal, efficiency of virus survival, level of aggressiveness of the virus, level of
host plant resistance, and others. The epidemics is the progress of disease in time
and space. The magnitude of disease intensity depends on the initial level of
disease and the rate of increase, the disease intensity either low or high at a given
time during the epidemics. A directory of plant pathology defines an epidemics as
a ‘‘wide spread increase, usually limited in time, in the incidence of infectious
disease’’. When the epidemics occur over large areas, with high levels of disease, it
is known as pandemic. The epidemics may cause minor to moderate losses and
occasionally epidemics may also get out of control and become extremely wide
spread. For example, in sub-Saharan Africa, since 1900 there were more than 15
epidemics due to rosette virus in groundnut with losses of up to £ 200 million for
epidemics. Similarly, African cassava mosaic virus epidemics have caused £ 40
million loss annually affecting 60,000 ha of cassava. The two terms, ecology and
epidemiology are often interlink but each has a specific meaning (Hull 2002).

Kranz (1990) defines epidemiology subject as ‘‘the science of populations in
populations of host plants, and the diseases resulting there from under the influ-
ence of the environment and human interferences’’. The foundations of the modern
plant epidemiology were laid down by Gregory (1968). He examined in great
detail how different forms of disease gradients in space arose and how these
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developed over time. For the past two decades molecular techniques are exten-
sively used in ecological and epidemiological studies and the word molecular
ecology is coined. The molecular ecology is most useful for the management of
tropical plant virus diseases. Fargette et al. (2006) have extensively studied
molecular ecological aspects of Cassava mosaic virus, Rice yellow mottle virus,
and Banana streak virus. Concepts and techniques of molecular ecology are
described in text books (Brown 2002; Beebee and Rowe 2004; Freeland 2005).

Understanding plant virus disease epidemiology is vital to formulating viable
disease management practices in a given agro-ecosystem. Various factors that
influence the development and progress of plant disease epidemics are variable
from the region to region and hence researchers working in different regions have
to understand disease epidemics before attempting to control the virus and virus-
like diseases. Thus different groups of researchers are involved in studying the
epidemiology of a particular crop-virus-vector-environment system (Fig. 1.1).

The factors responsible for virus disease epidemics are (1) The host should be
susceptible. (2) The virus should be virulent to cause the disease. (3) The presence
of a potential vector. (4) When the above cited factors are present, then several
environmental factors play an important role in the disease development. For
pedagogical purposes, the triangle is sometimes expanded to a square, pyramid
(Fig. 1.1) or multi-dimensional structure to either emphasize the effects of time and
/ or space on disease, to reflect the influence of humans on diseases (Francl 2001).

Some pathologists represent the specific conditions required for disease
development in the form of ‘‘Disease Pyramid’’. Specific conditions must be
present for biotic disease to develop. There must be a susceptible host plant, the
pathogen and environmental conditions conducive for disease development and
must come together in a given point in time. These conditions make up what is

Environment 
(Physical and 
biological 
factors)

Host

Virus Vector

Environ
ment

Disease Pyramid

Fig. 1.1 Diagrammatic representation of interactions between plant-virus-vector as influenced
by environmental factors

2 1 Ecology and Epidemiology of Virus and Viroid Diseases of Tropical Crops



called the ‘‘Plant Disease Pyramid’’. Biotic disease cannot occur if one of these
pieces is missing (Fig. 1.1).

Due to the hectic work involved in the research of plant virus epidemiology,
only a few research groups are engaged in studying the epidemiology of virus and
viroid diseases. In addition, a very long time is required to generate meaningful
data about particular crop-virus-vector system. Further, this study requires con-
stant involvement and periodical visits to the fields to achieve a better under-
standing of the various factors that contribute to the virus disease epidemics. Even
with all these limitations, a meaningful group of disease forecasting systems were
developed against a number of virus diseases.

1.2 Epidemiological Concepts

Epidemiology is the science of disease in populations, and is a quantitative dis-
cipline with strong conceptual foundations and practical applications. Epidemics
which is also known as epiphytotics, of plant diseases will have major impacts on
agricultural and horticultural crops with major socio-economic and political con-
sequences. The epidemics are defined as the phenomenon in which a pathogen
spreads severely and affects many plant individuals within a population over
relatively large area and within a relatively short time frame. An epidemiological
tool-kit includes methodologies for analyzing disease progress in time and space,
the derivation of key parameters determining the rate of epidemic progress and the
extent of control required for disease management. The complexity of biotic
interactions affecting plant epidemics is shown by introducing genetic variation in
host and pathogen. Epidemic development of virus diseases is influenced by (1)
Environmental factors, (2) Rate of virus/viroid replication, (3) Mode of virus
dispersal, (4) Efficacy of virus survival, (5) Level of aggressiveness of the virus,
and (6) Level of host plant resistance.

For more details on the epidemiological concepts, the reader may refer to
representative books/review articles (Thresh 1974a, 1980; Harrison 1981; McLean
et al. 1986; Thresh 1991, 2006a, b; Anderson 2005; Jeger 2009; Waggoner and
Aylor 2000; Jones et al. 2010; Jones and Barbetti 2012).

To understand the intricacies of various factors that contribute to disease epi-
demics, involvement of plant virologists/plant pathologists, entomologists, crop
specialists and statisticians are needed to facilitate the fruitful epidemiological
investigations. Having this in foresight as early as 1978, a scientific society
‘‘International plant virus epidemiology’’ (IPVE) was formed under the chairman-
ship of Prof. Mike Thresh at the third ‘‘International Society of Plant Pathology’’
(ISPP) congress held at Munich, Germany. The first plant virus epidemiology
symposium was held at Oxford, UK in 1981 and IPVE has conducted 11 workshops
at 2 years intervals on this topic and the latest 12th Conference was held at Arusha,
Tanzania in 2013. The proceedings of the IPVE were published (Plumb and Thresh
1983; McLean et al. 1986; Fereres et al. 2000; Thresh et al. 2004).
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Basic information on plant virus ecology and epidemiology is available from
different sources (Zitter 1977; Maramorosch and Harris 1981; Plumb and Thresh
1983; Jeger and Chan 1995; Waggoner and Aylor 2000; Zadoks 2001; Fereres
et al. 2000; Thresh 2003; Thresh and Fargette 2003; Jeger et al. 2004; Anderson
and Morales 2005; Fargette et al. 2006; Madden et al. 2007; Jones 2009; Makkouk
and Kumari 2009; Pappu et al. 2009; Jones et al. 2010; Patil and Fauquet 2011;
Jones and Barbetti 2012).

In addition, researchers have worked out the information related to plant virus
ecology and epidemiology in different crop-virus-pathosystems, for example,
exhaustive information is available on Tospoviruses (Reddy et al. 1983a; Van Os
et al. 1993; Gitaitis et al. 1998; Culbreath et al. 2003; Wells et al. 2003; Coutts
et al. 2004a; Jones 2004; Ranganath et al. 2006; Pappu et al. 2009; Naidu 2013);
Begomoviruses (Muniyappa 1980; Cohen and Antignus 1994; Thresh et al. 1994;
Sserubombwe et al. 2001; Fondong et al. 2002; Morales 2004; Morales and Jones
2004; Anderson and Morales 2005; Patil and Fauquet 2011); Tomato mottle Ge-
minivirus (Polston et al. 1996); Rice tungro virus disease complex (Yadav and
Mishra 1990; Anjaneyulu et al. 1994; Hibino 1996; Varma et al. 1999; Osmat
2000; Azzam and Chancellor 2002; Muralidharan et al. 2003; Chancellor et al.
2006; Krishnaveni et al. 2011); Rice yellow mottle virus (Reckhaus and Andria-
masintscheno 1997; Fargette et al. 2006); Rice hoja blanca virus in rice (Morales
and Jennings 2010); Maize streak virus (Rose 1978; Asanzi et al. 1994; Bosque-
Perez and Buddenhagen 1999; Smith et al. 2000; Magenya et al. 2008); Maize
chlorotic dwarf virus in maize (Madden et al. 1990a); PVY, PLRV in potato (Jones
1981; Shahid Ali et al. 2013); African cassava mosaic virus (Bock 1983; Fauquet
et al. 1988; Fauquet and Fargette 1990; Thresh 1991; Fargette et al. 1993, 1994a, b;
Holt et al. 1997; Legg et al. 1997; Calvert and Thresh 2002; Jeger et al. 2004) and
Cassava brown streak virus in cassava (Jeremiah et al. 2013); Cucumber mosaic
virus in chilli, tomato and eggplant (Kiranmai et al. 1998) and in lupine (Thackray
et al. 2004); Barley yellow dwarf virus in barley (Irwin and Thresh 1990; Burges
et al. 1999); Yellow vein mosaic virus in okra (Chellaiah and Murugesan 1976;
Khan and Mukhopadhyay 1985; Pun and Doraisamy 2000; Kalita et al. 2005);
Tobacco leaf curl virus in tobacco (Valand and Muniyappa 1992); Tomato leaf curl
virus in tomato (Sastry et al. 1978; Saikia and Muniyappa 1989; Ramappa et al.
1998; Jeger et al. 2004); Tomato yellow leaf curl virus (Mazyad et al. 1979;
Ioannau and Iordanou 1985; Cohen et al. 1988; Aboul-Ata et al. 2000; Czosnek
2007); Yellow mosaic disease of horsegram in Macrotyla uniflorum (Horsegram)
(Muniyappa 1983); Yellow mosaic disease of soybean (Gupta and Keshwal 2003);
Soybean mosaic virus in soybean (Irwin and Goodman 1981; Almeida et al. 1994;
Irwin et al. 2000); Pigeonpea-sterility mosaic virus in pigeonpea (Singh and Rathi
1997; Kumar et al. 2008a); Bean yellow mosaic virus in lupin (Thackray et al.
2002); Bean golden mosaic virus (Anderson and Morales 2005); Bean leaf roll
virus and Chickpea chlorotic stunt virus in legumes (Makkouk and Kumari 2009);
Groundnut rosette virus (Naidu et al. 1998); Indian peanut clump virus in
groundnut (Delfosse 2000); Iris yellow spot virus in onion (Pappu et al. 2007);
Tomato spotted wilt virus in lettuce and pepper (Coutts et al. 2004a);
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Tobacco streak virus in sunflower (Nagaraju et al. 2003; Shivasharanayya and
Nagaraju 2003; Upendhar et al. 2006; Chandra Mohan et al. 2006; Lakhmod et al.
2007; Lokesh et al. 2008; Kumar et al. 2008a); and virus diseases in sweet potato
(Alicai et al. 1999; Byamukama et al. 2004). Epidemiological studies were also
carried out against major virus diseases of certain fruit crops viz., tristeza in citrus
species (Gottwald et al. 2002); plumpox virus in stone fruits (Dallot et al. 2003;
Budzanivska et al. 2011); Blackberry yellow vein associated virus in blackberry
(Poudel et al. 2013); bunchy top virus in banana (Allen 1978; Smith et al. 1998).

All these cited examples are concerned to epidemiological studies of different
virus diseases which have various types of insects as vectors. Epidemiological
studies were also carried out on viroid diseases which have no insect-vectors and
generally spread through true seed and vegetative plant material. Even weed and
collateral hosts helps in viroid disease spread as seen in PSTVd in tomato and
Chrysanthemum mottle viriod in chrysanthemum (Yamamoto and Sano 2006;
Verhoeven et al. 2010).

1.3 Conditions Favorable for Epiphytotics

Virus and viroid pathogens will not always be able to cause a disease unless
environmental conditions and suitability of the host are also favourable for sur-
vival, multiplication, and entry of the pathogen into the plant and further devel-
opment of the disease. For causing (epidemics) epiphytotics, the pathogen has to
be virulent in the first place; the host has to be susceptible, and the environmental
conditions like temperature, relative humidity, soil moisture, soil pH, and soil type,
need to be favourable (Nayudu 2008; Jones 2013). Disease will not develop if
anyone of the three conditions is not fulfilled.

If all the criteria are not fulfilled, such as susceptible host and pathogen are
present but the environment is not conductive to the pathogen infecting and
causing disease, disease cannot occur. Likewise, if the host is susceptible and the
environment favors the development of disease but the pathogen is not present,
there is no disease (Fig. 1.2). Sometimes a fourth factor of time is added as the
time at which a particular infection occurs, and the length of time conditions
remain viable for that infection, can also play an important role in epidemics.

1.3.1 Physical Factors

(a) Air temperature

The changes in air temperature will alter the distribution and prevalence of
viruses and vectors. However, one cannot anticipate the emergence of entirely new
problems as a consequence of global warming.
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There is a close correlation between the air temperature and the insect vector
population primarily the whitefly (Bemisia tabaci). Whitefly transmitted gemin-
iviruses are major problems in almost all tropical countries. Among the major
geminiviruses are: African cassava mosaic virus in Africa; Bean golden mosaic
virus in Brazil, Puerto Rico and Guatemala; Cotton leaf curl virus in Pakistan and
India; Tomato leaf curl virus and Rice tungro virus in southeast Asian countries
and Tomato yellow leaf curl virus (TYLCV) in Israel, Spain, Italy and some other
tropical countries. In recent years, Torradoviruses which includes Tomato torrado
virus, has been associated with the green-house whitefly, Trialeurodes vapora-
riorum in Poland as well as B. tabaci elsewhere.

Weather data collected at UAS, Bangalore where experiments involving the
incidence of TLCV and whitefly populations were conducted, indicated high
temperature, low humidity and low rain fall from January to May, coincided with
the increase in the whitefly vector population. The low whitefly populations during
July–November were perhaps due to low temperatures, high rainfall, and high
humidity (see Fig. 1.3).

The impact of the virus diseases on yield is presented in the Chapter-3 of Volume I.
Temperature plays a key role in the population dynamics and activity of whiteflies.

Temperatures of 20–30 �C favour large populations of whitefly and are asso-
ciated with high fecundity, and greater longevity (Cock 1986; Fargette et al.
1994a, b). In Latin America, Bean golden mosaic virus (BGMV) was transmitted
by B. tabaci, and the optimum vector population was at the warmer temperatures
of 26.7 �C (26.5 %) or above. Generally, the inciting virus is most important at
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Virus
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Virus
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Fig. 1.2 Criteria for virus disease development
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elevations below 2,000 m, where whitefly populations, inoculum sources and
warm temperatures are more common (Anderson and Morales 2005; Morales
2006).

In India epidemiological studies were conducted against Tomato leaf curl virus
(TLCV) transmitted by B. tabaci by planting tomato crop in March, July and
November months by Saikia and Muniyappa (1989). In the March (summer)
planted tomato crop the TLCV incidence appeared 2 weeks after planting; spread
was initially slow but from 5 weeks onwards the incidence increase rapidly,
reaching 100 % by 11 weeks. In the July planted crops, symptoms of TLCV were
first observed 3 weeks after planting, and then increased slowly in incidence,
reaching 59 % at 14 weeks after planting. In the November planted tomato crop
symptoms first appeared 4 weeks after planting and a maximum of 66 % TLCV
incidence was observed 14 weeks after planting (Fig. 1.4).

The air temperatures will also have marked effects on the rate of multiplication
and movement of airborne virus vectors. For example, aphid vector populations
will be reduced at higher temperatures and with reasonably warm temperatures the
winged alates tend to fly.

Fig. 1.3 TLCV incidence in relation to whitefly numbers and weather conditions during 1983;
d, whitefly density; m, TLCV level. Source Saikia and Muniyappa (1989)
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In central India growth of the potato crop under high temperatures (30–35 �C)
and dry weather during September–October months favors thrips activity to the
maximum extent and thus potentially cause higher incidence of Groundnut bud
necrosis virus (GBNV). In the crops planted after October 15th, low activity of
thrips and thus low GBNV incidence occurs. Therefore, potato planting after the
end of October is helpful in reducing GBNV disease incidence by avoiding crop
exposure to thrips vectors (Somani et al. 2007); similar studies have been reported
for GBNV (also called Peanut bud necrosis virus) in greengram (Sreekanth et al.
2002). Similarly in India, the high incidence of Tomato leaf curl virus in tomato
(Saikia and Muniyappa 1989) and Indian peanut clump virus (IPCV) in peanut
(Delfosse 2000) are related to humidity and temperature.

The air temperature will also have marked effects on the rate of multiplication
and movement of the air-borne virus vectors. For example aphid populations at
higher temperatures will be reduced, while at reasonably warm temperatures the
winged alates tend to fly.

An economically important virus of rice is Rice tungro virus which is caused by
two viruses, Rice tungro bacilliform and Rice tungro spherical viruses which are

Fig. 1.4 Spread of TLCV in relation to whitefly numbers in different seasons during 1983; d,
whitefly, density; m, TLCV level. Source Saikia and Muniyappa (1989)
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