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ABSTRACT

Potato is the world’s number one non-grain food commodity, with production reaching 325 million tons. Some
inherent qualities give potato a competitive edge over the leading food crops. It is able to produce more protein and
carbohydrates per unit area than cereals. Among all the crops grown worldwide, is known to suffer the greatest losses
from disease attack. Among those diseases late blight and bacterial wilt are the most economical diseases which
incurred 100% vyield loss. The main Objective of this review was to understand very well the recent advances on
potato late blight disease management up to gene for gene level and incorporate these recent molecular advances
with the conventional one for mitigating the virulence spectrum of the pathogen. The population of P. infestans
characterized using molecular markers has led to better understanding of pathogen at molecular level.
Mitochondrial DNA haplotyping of P. infestans has revealed that mt Ia is displacing the other haplotypes
globally at a faster rate.
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INTRODUCTION

Potato (Solanum tuberosum L.) is the fourth major crop of the world
after rice, wheat and maize [1]. It is used as vegetable, stock
feed and in industries for manufacturing starch, alcoholic
beverages and other processed products. It provides essential
body building substances such as proteins, vitamins, minerals (P,
Ca, Mg, K, Fe, S, Cl) [2]. Itis an important food source globally. It
is cultivated worldwide in over one hundred countries throughout
Africa, Asia, Australia, Europe, and North and South America
[3]. Some inherent qualities give potato a competitive edge over
the leading food crops. In fact, it is able to produce more protein
and carbohydrates per unit area than cereals and some leguminous
crops like soybeans [4]. It is the world’s number one non-grain food
commodity, with production reaching 325 million tons in 2007
[1]. Its production in developed countries, especially in Europe and
Commonwealth independent states, has been declining on average
by one percent per annum over the past 20 years. However, the
output in developing countries has been expanding at an average
rate of 5% per year [1]. In Ethiopia, potato production is expanding
steadily. The total area under potato crop in 2012 was estimated
to be 54,007 hectares [5]. According to FAO [1] production has
increased from 280,000 tons in 1993 to around 525,000 tons in
2007 and during 2007 production year the total area covered with
potato was 73,095 hectares, while the yield was 7.2 tons/hectare.
It has a promising prospect in improving the quality of the basic
diet in both rural and urban areas of the country. The protein

from potato is a good composition with regard to essential amino
acids in human nutrition. Potato also has substantial amount of
vitamins, minerals and trace elements. Such crop undoubtedly is
very important for Ethiopia, where adequate protein and supplies
of calories are the apparent nutritional problems [6].

Among all the crops grown worldwide, is known to suffer the
greatest losses from disease attack. Its cultivation is constrained by
several biotic factors such as Early blight, late blight, wart, black
scurf, charcoal rot, powdery scab, Fusarium wilt, Verticillium wilt,
Sclerotium wilt, common scab, Brown rot, soft rot, potato virus
X, potato virus Y, crinkle mosaic, potato acuba mosaic virus
and witch’s broom, of which late blight caused by Phytophthora
infestans (Mont. de Bary) is considered the most important, highly
devastating disease [7]. Itis become endemic in potato growing
areas, with an incidence ranging from 50-100 percent [8]. Late
blight of potato, caused by P. infestans (Mont. De Bary), is among
its most important diseases, being especially devastating in the
major potato growing tropical highlands of Sub-Saharan African.
In the mid-1840s, a devastating potato disease swept continental
Europe, the British Isles and Ireland. It is estimated that Ireland,
as a direct consequence of late blight, lost more than a quarter
of its 8 million inhabitants to starvation and emigration, making
this one of the most significant crop diseases in history. However,
it was not until 1876 that a micro-organism named Phytophthora
(meaning ‘plant destroyer’) infestans was conclusively demonstrated
to be responsible for potato late blight [9]. In the mid 1800s, late
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blight caused widespread crop failures throughout Northern
Europe including Ireland where it was responsible for the Irish
famine [10]. Since then, it has spread far and wide and now
occurs wherever potatoes are grown. Losses due to P. infestans
have been estimated to € 12 billion per annum of which the
losses in developing countries have been estimated around €
10 billion per annum [11].

P. infestans is heterothallic oomycete with two mating types, Al
and A2, which evolved in the Toluca valley, central Mexico. Until
the 1980s the A2 mating type was confined to Mexico, previous
spread of the pathogen being attributed to a single Al isolate of
the pathogen [12]. Since the 1980s the old A1 population has been
gradually replaced by a new A1/A2 population. This has led to
increased virulence and genetic variation worldwide, suggested to
be the result of sexual reproduction [13].

LITERATURE REVIEW

Recent years have seen a dramatic intensification in molecular
biological studies of P. infestans, including the development of novel
tools for transformation and gene silencing and the resources for
genetically, transcriptional and physical mapping of the genome
[14]. In recent years, there has been a growing movement in the
world to reduce the amount of synthetic pesticides being applied to
the environment. According to Dhaliwal and Arora, [15] study, only
one percent of the total pesticide applied has become effective in
controlling pests, remaining 99% goes into various environmental
systems. Late blight is one of the most dreaded diseases of
potato worldwide and cause significant loss in production.
The pathogen is highly variable and adapt to the newly bred
varieties and fungicides. Population of P. infestans in most of
the countries has changed dramatically and original Al has
almost been displaced by more virulent A2 strain. In India, A2
mating type was recorded in 1990s and now it has displaced the
Al in temperate highlands while in sub-tropical plains still Al is
dominating [16]. Virulence to all major resistance genes has
been recorded and in India the racial complexity has reached
to its zenith resulting in breakdown of many disease resistant
varieties. Indiscriminate use of metalaxyl based fungicides has
led to the development of metalaxyl resistance world over
including India, which has necessitated the use of additional
systemic molecules for the management of this disease [17].

The population of P. infestans characterized using molecular
markers has led to better understanding of pathogen at
molecular level. Mitochondrial DNA haplotyping of P. infestans
has revealed that mt la is displacing the other haplotypes
globally at a faster rate including India [18].

DISEASE CYCLE AND EPIDEMIOLOGY
Disease epidemiology

In the absence of a sexual cycle, the pathogen survives as mycelium
in tubers of volunteer plants, seed tubers or discarded tubers near
crop fields. Sporangia can also survive several days and even weeks
in humid soil; however they do not survive freezing temperatures.
Sprouts developed from infected tubers constitute the initial
inoculum; mycelium grows through the stem and reaches the soil
surface [19]. In a couple of days (4 days in optimal conditions:
moderate temperatures and high humidity), after infection has
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started, new sporangiophores emerge through stomata and produce
numerous sporangia that will infect other plants. In just one
season, many asexual generations can be produced. Under humid
conditions, sporangia located in leaves and stems are washed off
and pulled down to the soil where they can produce zoospores
and infect tubers near the soil surface. Most of these tubers get
infected with rot in the soil through secondary infections produced
by other microorganisms, induce infections under inappropriate
storage conditions, or mycelium survives on seed tubers until the
next season (Figure 1) [19].

The role of oospores in the epidemiology of potato late blight

Even though coexistence of both mating types is a prerequisite for
oospore formation, skewed mating type ratios can result in a large
production of oospores [20]. This means that there is a potential
for oospore production even in areas where the population is
strongly dominated by one mating type. The first observations
of oospore formation under field conditions were made in the
1950s in Mexico [21]. In Europe the first reports came 33 or more
years later from Germany [22], The Netherlands [23], The United
Kingdom [24] and the Nordic countries [25]. These were more
sporadic observations of oospore formation.

Favorable conditions for disease development

Excessive humidity (above 90% RH) coupled with suitable
temperature for germination of sporangia and further disease
development are the principal pre-disposing factors. Where the
mean atmospheric temperature exceeds 25°C, the disease is rare
or unknown. Cool moist condition favor dispersal or arrival of
viable sporangia. Extended dry periods or rapid dehydration can
quickly kill many sporangia but within the temperature range of
15°C and 20°C and moisture range of 40 to 88% RH, the life time
of sporangia is extended. Maximum spread of the disease occurs
when the conditions are favorable for germination of sporangia
into zoospores [26].

Yield Loss of Potato by Phytophthora infestans

Potato late blight is considered to be the most serious potato disease
worldwide [27]. Yield losses due to the disease are attributed
to both premature death of foliage and diseased tubers. In
Ethiopia, the disease occurs throughout the major potato
production areas and it is difficult to produce the crop during
the main rainy season without chemical protection measures

[28,29].

In our country Ethiopia and also our continent Africa we used
conventional management strategies’ to tackle the potato late
blight disease but the disease develops its virulence spectrum due
to sexual recombination of the two mating types Al and A2 mating

types.
So our objective will be to familiarize these advanced technologies
and review these advanced management strategies.

The main of objectives of this review are

e To understand very well the recent advances on potato
late blight disease management up to gene for gene level.

e To incorporate these recent molecular advances with the
conventional one for mitigating the virulence spectrum of
the pathogen.
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Figure 1: The life cycle of the late blight pathogen Phythophtora infestans. Source [18].

The role of molecular plant pathology for potato late blight
disease management

Oomycetes are eukaryotic organisms that superficially resemble
filamentous fungi, but are phylogenetically related to diatoms and
brown algae in the stramenopiles [30-32]. Fossil evidence indicates
that a number of oomycetes emerged as endophytes of land plants
at least by the Carboniferous period, approximately 300-350
million years ago. Phylogenetic analyses of modern taxa have
revealed that plant parasitism has evolved independently in three
lineages of oomycetes [33].

Well-known plant pathogens, namely Downy mildews, Phytophthora
and Pythium, appear to have radiated from a common plant-
parasitic ancestor [33]. The impact of oomycetes on humankind
is well documented as both a persistent threat to subsistence
and commercial farming and as destructive pathogens of native
plants [27,34]. As a result, news related to plant diseases caused by
oomycetes tends to capture the interest of the general public and is
frequently featured in the media. It has produced novel paradigms
in understanding host-microbe interactions, effector biology and
genome evolution [35,36]. The oomycete community was one of
the first in plant pathology to initiate coordinated transcriptome
and genome sequencing projects, and subsequently to exploit the
resulting resources to drive conceptual advances [37,38]. These
days with the genomes serving as unique resources for basic and
applied research, oomycetes are best portrayed as a ‘genomicist’s

dream’ [38].
Genetic variability

The possible sources of genetic variation in P. infestans are sexual
reproduction, mutation, mitotic recombination, para-sexualism,
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migration, and selection [34]. The markers most used to characterize
populations of this pathogen have been virulence, mating type,
isozymes, mitochondrial haplotypes, restriction fragment length
polymorphism (RFLP) and microsatellites (also known as single
sequence repeats or SSR). Furthermore, an increasing number of
studies based on sequencing of various nuclear or organelle genes
have been developed and the full genomes of a number of isolates
have been sequenced. Within the literature related to P. infestans,
and a number of other pathogens as well, the term “virulence” has
been used as the genetic ability of a P. infestans race (a particular
strain) to overcome host resistance, causing a compatibility
reaction, that is, the disease occurs [30]. If the R gene product
in a plant recognizes the avirulence gene product of a pathogen,
rapid death of plant cells near the infection point occurs and the
infection is stopped, i.e., there is no disease. Loss or change of
avirulence genes leads to what is often called a compatible reaction
and disease occurs. The term race groups isolates based on virulence
related to R-genes in different potato genotypes. These plants are
referred to as “differentials” because they are used to identify the
race of a pathogen isolate. Using virulence phenotypes to infer
genetic variation in the pathogen population has many constraints
because the inference is based on the phenotypic reaction of a
pathogen and host without knowing the genetic makeup of either.

Pathogen resistance to fungicides occurs when certain strains have
lower sensitivity than normal to a particular product or class of
products. This resistance is the result of stable and hereditary
mutations. Resistance to the active ingredient metalaxyl and
other phenylamides has been reported in P. infestans populations
worldwide, becoming a limiting factor when using this type of
fungicides. Temporary reduction in sensitivity to a fungicide
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is an adaptation trait of the pathogen; however, because it is
not hereditary, it can be reverted by changing chemical control
strategies. Isozymes are variants of an enzyme with the same or
similar catalytic activity. Allozymes are a special type of isozymes in
which variants are codified by the same locus. Therefore, they are
allelic to one another [19].

The P. infestans -potato gene-for-gene interaction

Genetic resistance to P. infestans in both wild and cultivated
potato species may be of two forms, either race specific or race
nonspecific (field or partial resistance) [39]. Race specific resistance
is characterized by interactions between the products of dominant
resistance (R) gene alleles in the host and corresponding avirulence
(Avr) gene alleles in the pathogen; the so-called genefor-gene
hypothesis [40]. The result is a form of localized programmed
cell death called the hypersensitive response (HR) that prevents
a further spread of the pathogen. Race nonspecific resistance is
poorly under-stood, although recent evidence implies a central role
for the HR in all forms of resistance to oomycetes [41].

Genetic studies on P. infestans have been carried out to reveal
the genetic basis of avirulence [42]. These studies have revealed
that specificity towards R genes in potato is conditioned by single
dominant Avr genes for most interactions. Nevertheless, an
investigation of different isolates of the pathogen has revealed
contradictory results, in that Avr2 and Avr4 were dominant in
some isolates and recessive in others. The differences between these
strains may be explained either by independent loci determining
avirulence in each, or by the occurrence of epistasis inhibitor
loci. To facilitate the positional cloning of avirulence genes from
P. infestans a genetic linkage map has been constructed using 183
AFLP and 7 RFLP markers [43]. The map contains 10 major linkage
groups and represents 1200 cM. Recently, using bulked sergeant
analysis, the positions of six dominant Avr loci have been placed
on the map [44]. Avr4 was positioned on linkage group (LG) A2-
a, Avr2 on LG VI, Avrl on LG IV and Avr3, Avrl0 and Avrll
were shown to be tightly linked on LG VIII. The genome size of
P. infestans is 250 Mb, unusually large for an oomycete. A DNA
library with large insert sizes and several-fold genome redundancy
may thus prove essential for positional cloning [44].

The molecular basis of non-host resistance

Most plant pathogens exhibit specialization and can only infects
a limited number of plant species. P. infestans is no exception,
primarily infecting the leaves of a variety of Solanaceae. This implies
that the majority of non-host plants possess a series of either pre-
formed or inducible mechanisms to successfully prevent infection
by this pathogen. Non-host resistance to P. infestans, and indeed
to oomycetes in general, involves the HR, presumably activated by
the perception of elicitors generated by the pathogen [45]. As with
race-specific resistance of potato to P. infestans, non-host resistance
may thus involve a gene-for-gene interaction. This is exemplified by
the well-characterized interactions between Phytophthora spp. and
tobacco. Most Phytophthora spp studied secrete elicitins, 10 kDa
holo-proteins that elicit an HR-like response and systemic acquired
resistance (SAR) specifically in Nicotiana spp. within the Solanaceae
family [46]. Elicitins are thus believed to act as avirulence factors
in tobacco-Phytophthora interactions. Similar to many other
Phytophthora spp. that has been studied, P. infestans contains a family
of elicitin-like genes [47,48]. The gene INF1, encoding the major
elicitin secreted by P. infestans, is highly expressed in mycelium
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grown in various culture media, but is not expressed in sporangia,
zoospores, cysts or germinating cysts. During infection, the gene is
down-regulated in the early, biotrophic stages of the interaction,
but is highly expressed in the later stages of infection, when profuse
sporulation and necrosis occur [49]. A genesilencing strategy has
been adopted to inhibit INF1 production. INFI-deficient strains
are still pathogenic on potato, but also induce disease lesions when
inoculated on Nicotiana benthamiana. In contrast, wild-type P.
infestans elicits a typical, localized necrosis on this non-host plant,
indicating that INF1 functions as an avirulence factor in the P.
infestans-N. benthamiana interaction [50].

The top 10 oomycete pathogens in molecular plant pathology

In the last two decades, increased awareness of the distinctive
phylogeny and biology of oomycetes has driven the emergence of
a specialist research community that is currently organized under
the umbrella of the ‘Oomycete Molecular Genetics Network’. This
community has moved the field beyond the gloomy view of the
1980s that oomycetes are a ‘fungal geneticist’s nightmare’ [14,51].
It has produced novel paradigms in understanding host-microbe
interactions, effector biology and genome evolution [34,30,51,52].

The Top 10 species and their ranking are: (1) Phytophthora
infestans; (2, tied) (2) Hyaloperonospora arabidopsidis;(2, tied) (3)
Phytophthora ramorum ; (4) Phytophthora sojae; (5) Phytophthora
capsici; (6)Plasmopara viticola; (7) Phytophthora cinnamomi; (8, tied)
(8) Phytophthora parasitica; (8, tied) (9) Pythium ultimum; and (10)
Albugo candida (14). The oomycete community was one of the
first in plant pathology to initiate coordinated transcriptome
and genome sequencing projects, and subsequently to exploit the
resulting resources to drive conceptual advances [51,53]. These
days, with the genomes serving as unique resources for basic and
applied research, oomycetes are best portrayed as a ‘genomicist’s

dream’ [30,51,53].
Tools for the study of gene function in P. infestans

For any aspect of gene function to be assessed in P. infestans, it is
essential that a DNA-mediated transformation system is available.
The first reported transformation of P. infestans was by Judelson et
al. [54] albeit at low efficiency, using protoplasts. Nevertheless, it
has been used successfully for anti-sense inhibition of a transgene
and for co-transformation using intermolecular ligation [55]. It
has also been used to develop an in planta reporter system [50]
and for heterologous expression in P. infestans of a gene from
another Phytophthora spp. [56]. However, the transformation
procedure used in these reports required the digestion of the cell
wall using Novozym 234, an enzyme mixture that is no longer
produced. Therefore, different methods for transformation
must be adopted. One such method, utilizing microprojectile
bombardment to transform P. infestans, has recently been reported
[14,52] and overcomes the requirement for protoplast formation
with Novozym. For map-based cloning of genes and studies of
genome structure and organization, two BAC libraries have been
constructed from P. infestans. Randall and Judelson [57] reported
the generation of a library comprising four folds genome coverage
and an average insert size of 75 kb. Birch et al. [58] have generated
a BAC library comprising 10-fold genome coverage and an average
insert size of 98 kb. The transformation of entire BAC clones into
D. infestans, making it possible to determine the presence of a gene,
such as an avirulence gene, within large regions of the genome [57].
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P. infestans is diploid, making it difficult to perform gene knock-
outs, as is often done in the fungi that have a haploid stage in their
life cycle. The occurrence of posttranscriptional gene silencing
in P. infestans is therefore a promising development in the area of
P. infestans functional genomics [59]. However, at this time gene
silencing in P. infestans is not yet routine and its molecular basis is
poorly understood. The utility of gene silencing as a functional tool
in P. infestans has been shown by the development of transgenic
strains silenced for transcription of the elicitin encoding inf 1 gene
[50]. Functional analysis of cloned P. infestans genes may also be
performed without transformation or silencing in P. infestans.

The P. infestans -plant interaction transcriptome

A number of developmental processes are required for P. infestans
to successfully invade its plant host, including the formation of
zoospores, their encystment, the production of a germ tube, and
the development of appressoria, hyphae, haustoria and, finally,
sporangiophores [58]. Successful infection and the development of
disease symptoms are often termed a compatible interaction. If the
plant, through mounting a series of defenses, is able to interrupt
or inhibit any of these processes, colonization of the pathogen, and
its further spread to other plants, will be prevented. This is often
called an incompatible interaction. The perception of P. infestans
by its host, and the ability of the pathogen to avoid or overcome
the host’s defenses, implies a complex, dynamic communication
network between the interacting organisms. The induction of
biochemical response pathways, or the development of cell type
specific to the interaction, requires the up- or down-regulation
of countless genes. We have recently coined the term ‘interaction
transcriptome’ to mean the sum of the transcripts, from both host
and pathogen that are produced during their association [59]. A
key initial step in understanding the mechanisms and processes
involved in the P. infestans-plant interaction involves determining
the interaction transcriptome.

The development of low-cost, high throughput DNA sequencing
has allowed plant pathology to enter the ‘genomics era’. In
particular, projects involving large scale sequencing of cDNAs
(Expressed Sequence Tags or ESTs) are on-going for a wide variety
of crop plants. EST information has also emerged from P. infestans
[48] and P. sojae [60]. Approximately 2000 - 3000 ESTs from each
species are currently housed in the Phytophthora Genome Initiative

(PGI) data-base [61].

Thus, in silico analyses can prove powerful in distinguishing
candidate plant and pathogen genes in the Phytophthora -plant
interaction transcriptome, although it remains to be seen whether
clear differences in GC content between host and pathogen
cDNAs will be observed in other patho-systems. Many proteins
that play a role in pathogenicity, or elicit a defense response in
the plant, are likely to be surface components of the pathogen.
Tyler et al. [62] have been exploiting the increasing EST data to
search for genes encoding potential extracellular proteins in P.
infestans. They have developed an algorithm called PEXFINDER
V1.0 (where PEX represents Phytophthora extracellular protein) to
rapidly identify putative secreted or membrane-associated proteins
encoded by the ESTs, with the expectation that candidate genes
with an essential survival or virulence role would be targeted for
downstream functional analyses. To date, analysis of more than
2000 ESTs has revealed 145 independent Pex genes, of which 85

show no similarity to sequences in international databases. Many of
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the genes with a key role in either host defense or pathogenicity will
be up-regulated during the P. infestans-plant association. A number
of methods exist for isolating such differentially expressed genes.
[63] Judelson et al. [55] isolated a number of in planta induced
(ipi ) genes by differential screening of a P. infestans genomic DNA
library with ¢cDNA derived from mRNA prepared after infection
of potato leaves with P. infestans and from mRNA prepared after
growth of P. infestans on a basic medium in culture. Amongst the
up-regulated P. infestans sequences were the ipiO and ipiB genes,
each of which is a member of a cluster of related sequences [63].
The ipiO gene has since been shown to be expressed in invading
hyphae during the early stages of infection [59].

Using standard subtractive hybridization techniques, Gornhaldt et
al. [64] isolated a family of mucin-like genes, termed car genes that
are up-regulated in germinating cysts shortly before the onset of
infection. The car genes were shown to be clustered in the genome.
The authors postulated that the car gene products may serve to
provide a mucous cover to protect the germinating cysts from
desiccation, physical damage and plant defenses.

More recently, a PCR-based method for isolating differentially
expressed genes, suppression subtractive hybridization (SSH), has
been used to study potato -P. infestans interactions. This technique
can be readily combined with large-scale sequencing approaches
and allows the detection of low-abundance differentially expressed
transcripts. This is a major advantage in analyzing plant-micro-
organism associations, where often only small amounts of biological
material are available. SSH has been used to isolate potato
genes that are up-regulated in the incompatible and compatible
interactions with P. infestans [65,66]. Moreover, SSH-derived
c¢DNA populations enriched for sequences expressed specifically at
early (15 h post inoculation) and late (72 h post-inoculation) stages
of infection have been generated and used as probes to screen
the P. infestans BAC library constructed by Birch and Kamoun
[58]. Each probe hybridized to a number of BACs, but neither
hybridized to the same clones. Quantitative RT-PCR has been used
to demonstrate that these BACs contain sequences that are up-
regulated specifically at the early or late stages of infection and are
thus candidates for a role in pathogenicity [67].

MANAGEMENT OF POTATO LATE BLIGHT
Cultural control

There are different methods of cultural practices applicable for
late blight management. Cultural practices are the first line of
defense against late blight [68,69]. Late blight is controlled by
eliminating cull piles and volunteer potatoes, using proper
harvesting and storage practices, and applying fungicides when
necessary [70]. The most effective strategy for managing late blight
is to avoid sources of inoculum. The initial sources of inoculum
are likely to be infected potatoes in cull piles, infected volunteer
potato plants that have survived the winter, and infected seed
tubers. Therefore, it is important to keep a clean operation by
destroying all cull and volunteer potatoes [27].

Chemical control

Fungicides that are used against late blight can be classified into
two basic mobility groups: protectant or penetrant. Fungicides can
slow or stop the development of new symptoms if applied in
a timely fashion, but fungicides will not cure existing light
blight symptoms [71]. In Ethiopia the first spray with Ridomil MZ

5
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63.5% WP at a rate of 2 kg ha' followed by 2-3 sprays (need base
application) of Dithane M-45 (Mancozeb) at a rate of 3 kg ha'! were
found to be effective in controlling late blight [72,73]. He also
reported that, reduced rates of Ridomil application resulted in
better management of potato late blight with the highest marginal
rate of return.

Anti-resistance management strategies

¢ Restrict the number of high-risk fungicide applications.
Mix a high-risk fungicide with a low-risk fungicide to be
sure spores will not survive.

¢ Alternate applications of high-risk fungicides with low-risk
fungicides, including the use of fungicides with different
modes of action. Add other integrated management
practices, different from those of the chemical component
in order to avoid disease development.

Biological control

Biological control of crop disease is receiving increased attention
as an environmentally sound alternative to chemical pesticides.
Some species of Trichoderma and Pseudomonas are among the major
microorganisms that have shown great potential for biological
control of several plant pathogens. Trichoderma species have shown
bio control potential against many plant pathogens including
diseases caused by Sclerotinia minor [74,75]. Botanical control is one
of the safe substitutes to be explored to control this phyto-pathogen.
In the present study an attempt has been made to evaluate the
antifungal activity of plant extracts against the above pathogen.

Crude ethanolic extracts of five different plant materials viz. Brassica
nigra, Cinnamomum camphora, Eupatorium adenophorum, Lantana
camara and Melia azedarach were screened and tested against the
fungal isolate of P. infestans [76]. The antifungal activity of the
crude extracts was evaluated by agar well diffusion method and two
fold broth dilution method. The moisture content was highest in
the twigs of L. camara and lowest in the cake of B. nigra. C. camphora
gave the highest yield of 70% while M. azedarach had the lowest
yield of (9.75%) of crude extracts. B. nigra was found most effective
against P. infestans with both MIC and MFC values at 6.25 mg/ml
while C. camphora was found least effective [76]. Different types of
plant extracts with different concentration significantly (P= <0.05)
inhibited the growth of the pathogen. The extracts of B. nigra, E.
adenophorum, L. camara and M. azedarach inhibited the growth of
P. infestans from 10 mg/ml concentration, B. nigra being the most
effective one with both MIC and MFC values 6.25 mg/ml. C.
camphora showed the inhibitory activity only from the 30 mg/ml
concentration [76].

Host-plant resistance

Host resistance to late blight is of significance in integrated
late blight management due to its longterm economic
benefits for farmers. It also minimizes changes in the population
structure of P. infestans, decreasing the likelihood of fungicide
resistance [77,78]. The use of resistant varieties is among the most
effective and environmentally safe means of managing the disease.
Biotechnology is also being employed in the pursuit of late
blight
not acceptable for organic production [79]. But, potato cultivars
with high blight resistance can be destroyed by new strains of the
fungus since the resistance is controlled by single gene. The use

resistance. Genetically-engineered plants, however, are
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of durable or polygenic resistance is sometimes interpreted to
be synonymous with intermediate resistance levels but cultivars
ranging from complete susceptibility to very high resistance.
Polygenic resistance has proved to be helpful in reducing the
amount of fungicides [74]. Use of resistant varieties is one
of the main components of late blight management and is
especially effective under tropical conditions [80]. However, the
race-specific Oligo-genic resistance in the existing released potato
varieties can be rapidly broken down by compatible races of P.
infestans rendering the varieties to be susceptible to the disease

within a short period (80,81].

Generally resistant potato varieties and improved cultural practices
can reduce late blight [1]. It is not sufficient to rely on varietal
resistance to control late blight, as, in favorable weather, late
blight can severely affect these varieties unless they are sprayed
with a good protective fungicide. Even resistant varieties should
be sprayed regularly with fungicides to eliminate, as much as
possible, the possibility of becoming suddenly attacked by races of
the fungus to which they are not resistant. According to Binyam et
al. [72] onset of the potato late blight disease was delayed almost
by 20 days on the moderately resistant varieties as compared
to the moderately susceptible and susceptible varieties.

Genetic control

Genetic control refers to the use of varieties or species of the host
that have resistance to the pathogen which acts to stop or slow
down disease development. There are two ways that resistance
to P. infestans is expressed in the potato plant. The first one is
characterized by triggering a hypersensitivity response (HR) as
small necrotic lesions and is called race-specific resistance, vertical
resistance, qualitative resistance, unstable resistance or complete
resistance. It is governed by R genes with strong effects that produce
products which in turn interact with products of avirulence genes
(Avr) of the pathogen. Most major genes known until now mainly
come from S. demissum, however a number of new genes have
recently been detected in S. bulbocastanum and other Solanum spp.
This resistance is race-specific; its inheritance is qualitative and in
the past never had long duration. The exact way in which products
of R genes and Avr genes interact is unknown; however, diverse
models have been proposed.

The second type of resistance is governed by minor genes of
additive effect and is called general resistance, quantitative
resistance, and polygenic resistance, non-specific resistance, and
partial resistance, horizontal or field resistance. Inheritance is
quantitative and because it is governed by several or many genes,
it is theoretically more stable and effective against all the pathogen
races. Furthermore, adaptation for greater pathogen aggressiveness
in host genotypes with general resistance has been identified.
Integrating genetic resistance and chemical control helps, in
reducing the use of fungicides, decreases production costs and
reduces damage to human health and the environment [82].

Integrated Disease Management (IDM)

Effective management of this disease requires implementation of
an integrated disease management approach. Although the most
important measures are cultural, resistant cultivars and chemical
controls should also be utilized. Integrated pest management
has helped farmers drastically reduce the need for chemical
controls while increasing production [1]. Effective control of late
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blight requires implementing an integrated disease management
approach [68,69,83]. Integration of  different management
options, including cultural practices (good crop husbandry),
resistant varieties and fungicides is required to control late
blight. The integration of reduced rate of Ridomil application
and moderately resistant potato varieties, in the management
of potato late blight important in  reducing
environmental pollution and input cost of the fungicide, and

is very

increase in production and profitability of high quality potato
tuber yield [72]. For effective control of late blight, integrated
management must be adopted by all producers, including large and
smallscale farmers. Experimental plots with IDM-LB vyielded
50% and 75% more than late planting (planting during the
month recommended for potato-growing) alone [84]. According
to Binyam et al. [72] cost effective management of late blight was
obtained by integrating potato varieties with the lowest rate
of Ridomil application. The combinations of the varieties Gabissa,
Chiro, Harchassa, Bedassa and Zemen with 0.75 kg ha' Ridomil
application were resulted in up to 28, 21, 18, 16 and 13% marginal
rate of returns, respectively [73].

SUMMARY AND CONCLUSION

Late blight of potato is the most dreaded disease and will
continue to remains as the pathogen is evolving at a fast rate
and adapting to new environments and hosts. There is need to
characterize the pathogen population with more robust molecular
markers and to study the epidemiology of isolates grouped in
different categories on the basis of markers. Disease resistant
varieties should be developed mode of action need to be identified
and used along with compatible bio-control agents to minimize the
use of pesticides. As more and more information is being
generated there is a need to develop an appropriate disease
management strategy based on farmer friendly information
technology.

FUTURE DIRECTIONS

Molecular works must be done intensively for the most important
crops such as potato, wheat, coffee, ground-nut, sesame, cotton
etc. which have multiple benefit for human being used as food,
as income generating item. It gives high yield with in small plot of
land around garden and exportable crops as foreign currency for
Ethiopia. Pathogen will be detected at molecular level using marker
assisted selection. Highly skilled man power must be trained to
detect the pathogen and give remedies for the problem at its infant
stage.
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