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ABSTRACT

Late the blight of potato is a devastating and one of the economic diseases of potato and other plants
belonging to family Solanaceae. Late blight, caused by Phytophthora infestans, is one of the most threatening
pathogenic diseases which not only results in direct crop losses but also cause farmers to embrace huge monetary
expenses for disease control and preventive measure. It was first reported during the Irish Potato Famine, leading
to massive starvation in Ireland and other parts of Europe during the middle of 19" century. Phytopthora harms
the foliar portion in the field and also the tuber in the storage that can result in complete crop failure in potato.
The pathogen has distinct survival mechanisms and two life cycles infection processes. The development of a
sexual spore known as oospore includes two types of pairs, Al and A2. The spores are introduced to good plants
by wind and rain. Different methods for prevention of crops from late blight has been developed and used
worldwide. An integrated disease management strategy includes successful control of this disease. Cultural
control, chemical management, and advanced disease management are the most effective interventions.
Integration of late blight control in tropical regions with abundant fungal inoculants in most months of the year
was also seen as one of the best choices in disease management. This paper reviews the significance of late blight
of potato and controlling strategies adopted for minimizing yield losses incurred by this disease by the application
of synthetic fungicides and different organic amendments.
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INTRODUCTION

Potato is one of Nepal's leading crops, ranking fourth in production and harvest following rice,
maize, and wheat (ABPSD, 2015). Potato is cultivated in a wide variety of climates from
subtropical to temperate Himalayan regions in Nepal (Bajracharya & Sapkota, 2017). Potato,
a staple food for lots of households, is consumed as the main crop in Nepal's plains (Terai and
the inner Terai). In contrast with neighboring countries, potato productivity is poor (13 mt/ha)
relative to China (17 mt/ha) and India (20 mt/ha) (FAO, 2016). The low potato productivity in
Nepal is due to many reasons, including poor seed tuber quality, agricultural inputs, and pest
control. It is cultivated in a 195,173-hectare area with a production of 2,881,829 tons and
productivity of 14,765 kg/ha (MOALD, 2017/18). Phytophthora infestans (Mont.) de Bary is
one of major disease of potato in Nepal causing a significant yield loss. In hilly and plain areas
of Nepal, yield losses from late blight infestations in potatoes grew to up to 75% and 90%
respectively (Shrestha, 2000). In mid-hill regions, yield losses in two-season potatoes are much
greater. The annual loss of tuber due to late blight has been estimated at around 15 percent,
representing around US$ 100 million in the fiscal year 2009/10 (Sharma et al.,2011).

Potato is a major staple crop and source of income for smallholder farmers in high mountain
regions of Nepal (NPRP 2014; Timilsina et al., 2011). The high-altitude seed potato is a
traditionally valuable supplier of seeds to farmers in the lower hills and lowlands since they are
free of diseases. (Rhoades, 1985). Over one billion people consume potato worldwide, and it
is the staple diet of half a billion people. Because of the dry matter, edible energy, and edible
protein content, Potato is considered nutritionally a superior vegetable as well as a versatile
food item not only in Nepal but also throughout the world (CIP, 2009).

The epidemics of late blight are introduced in the fields, both internal and external, from
primary inoculum sources (Mizubuti & Forbes, 2002). Internal reservoirs of inoculum include
infected seed tuber, infected volunteer plants, and field culling piles that play important roles
in temperate regions in late blight epidemics (Powelson et al. 2002). External reservoirs of
inoculum include contaminated potato debris that has led to disease epidemics in tropical and
subtropical regions since previous years (Lima et al.,2009). Since P. infestans also infect
tomatoes, the extension of tomato growing areas and year-round subtropical growth also leads
to late blight epidemics in Nepal. Growers control the fungus with the planting of resilient
crops and spraying fungicides (Forbes et al.,2007). But the sustainability of resistant crops is
adversely affected by new breeds. Fungicides are required to reduce the disease epidemics in
Nepal (Sharma et al.,2013)

Potato varieties grown in Nepal have low levels of general resistance to late blight. Mostly the
commercial potato farmers rely on fungicide applications for control of Phytophthora
infestans, the causal agent of late blight (Neupane et al., 2018). The late blight directly affect
the yield attributing characters like vine mass and tuber yield (Pandit et al., 2020). In Nepal,
the potato growers use Mancozeb (dithiocarbamate) and metalaxyl as two common fungicides.
Fungicides are typically used by farmers at higher frequencies and quantities than indicated
(Sharma & KC, 2004). For example, the farmers of Kathmandu valley apply fungicides to
suppress late blight 10-15 times during the season, depending on the circumstances and
varieties of the weather (Sharma et al., 2011). The overuse of chemical fungicides not only
raises processing prices but has also implications for the climate and public health. Several late
blight resistant potato varieties for Nepal's Hills and Plains have been released by the Nepal
Agricultural Research Council (NARC). But, as shown in the past, these varieties have evolved
in new breeds (Shrestha et al., 1998). Furthermore, producers, researchers, and agricultural
extension workers have reported a decline in the effectiveness of widely used fungicides. The
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studies in these fields indicate that the possibility has been documented in several other potato-
producing countries for fungicide resilient strains in Nepal (Matson et al., 2015). To make
appropriate and accurate recommendations for late blight control, this necessitates a periodic
review of alternative fungicides.

The potato plant is attacked by many pathogens causing significant losses to potato producers
throughout the world. Bacteria, fungi, viruses, nematodes, and phytoplasmas cause serious
production constraints. (Kromann et al., 2014). Of the fungal diseases, late blight, caused by
Phytophthora infestans, stands out from the rest. It is the most widespread throughout the world
and causes serious tuber losses globally (Erwin & Ribeiro, 1996; Fry & Goodwin, 1997; Garrett
et al., 2001). Worldwide losses due to late blight are estimated to exceed $5 billion annually
and thus the pathogen is regarded as a threat to global food security (Latijnhouwers et al.,
2004). This disease is the nightmare of potato producers especially in the coastal wet regions
(Fry et al.,2015) and (Runnopaurson et al., 2016). Late blight caused by Phytophthora
infestans (Mont) de Berry is the major destructive and the most serious fungal disease of potato
and affects its leaves, stems, and tubers (Bekele & Hailu, 2001). The late blight develops most
rapidly at low temperatures and high humidity (Fry et al., 1998). The pathogen produces water-
soaked lesions with chlorotic borders that are small at first expand rapidly under humid
conditions, blighting the entire plant in only a few days with subsequent rotting of the
developing tubers resulting in heavy yield losses under favorable (Sundaresha et al., 2015).

The average global crop losses of all diseases combined were approximately 12.8% of the
potential production but potato alone was subjected to a 21.8% loss (James, 1981). Past studies
have revealed that the occurrence of metalaxyl resistance in P. infestans populations is
associated with severe late blight epidemics, genetic diversity, and pathogen resurgence
(Davidse et al., 1981; Goodwin et al., 1992). Due to the current and intensive use of metalaxyl
in combination with other fungicides, it is crucial to monitor the pathogen isolates sensitivity
to identify the build-up of fungicide resistance and thereby modify fungicide usage strategies.
And though, during the rainy season the disease issue is severe, its management studies are not
adequate.

Table 1: Crop losses in due to late blight disease

Crop loss percent (%) Country References

20 Nepal (Sharma and KC, 2004).

10-75 West Bengal- India (Dutt, 1979)

50-70 Pakistan (Lal et al., 2018)

70 United State of America (Teng & Bissonnette, 1985)

50 Nigeria (Phytophthora infestans
(Phytophthora Blight), n.d.)

72 Ethiopia (Selvaraj, 2013)

75 England and Wales (Large, 1958)

80 Kenya (Nyankanga et al., 2004)

50 New York (Tomato-Potato Late Blight in
the Home Garden, n.d.)

Pathogen of late blight

The late blight pathogen emerged from Central Mexico (Zimnoch-Guzowska et al., 2003). The
genus, Phytophthora, refers to oomycetes that are not associated with true fungi. This disease,
notable for triggering the historical Irish famine in the mid 19" century, poses a significant
restriction on the production of potatoes in various parts of the world (Fry and Goodwin, 1997,
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Elansky et al., 2001). It targets plants, primarily under cool and gloomy conditions and rainy
conditions, resulting in 100 percent yield loss in serious attacks on vulnerable species. With
effective administration but without spraying on fungicides, yield losses for moderately
resistant species may be between 40 and 50% and for most susceptible species between 50 and
70% (Ojiambo et al., 2001; Rahman et al., 2008). It influences field potato foliage and storing
tuber, which contributes to yield losses of up to 100% (Tsedaley, 2014). It is the world's major
potato disease (Sharma et al., 2013) and is the most well-known, well-researched, and most
damaging of all potato diseases (Jones, 1998). Therefore, possible significant disease can cause
substantial economic losses for potatoes and tomatoes (Yoshida & Sakai, 1973). Losses
attributable to P. infestans were estimated at €12 milliards per year, with annual losses
estimated at around € 10 billion in developed countries (Haverkortet et al., 2009). The
pathogen's potential to inflict tremendous loss of returns considers it to be a possible danger to
world food protection (Latijnhouwers et al., 2004). The disease also poses a threat to food
safety, human health, and the environment, as well as economic losses (Kromann et al., 2009),
since it needs multiple fungicide applications in the field (Haverkort et al., 2009). The potato
blight, according to (Ghimire et al., 2003), first occurred in Nepal in the mid-1990s between
1883 and 1897. In the summer and the winter in the Katmandu valley, (Shrestha, 1976) reported
extreme loss caused by the late blight disease on potatoes. In 1996 there was a late blight
national crop failure in Nepal (Dhital and Ghimire, 1996). Host tolerance is an important aspect
of integrated control of the disease owing to long-lasting economic advantages for farmers. It
also decreases improvements in pathogen population structure, reducing the risk of tolerance
to fungicides (Hakiza 1999; Mukalazi et al., 2001). The breeding of the P. infestans began in
the 19th century and the use of biotechnology tools for their tolerance was slower. Several
researchers have shown differences in late blight tolerance between various types of potatoes
(Njulaem et al., 2001). Late blight of potato caused by P. infestans has received considerable
the attention of plant pathologists in the current century since its role in the Irish starvation in
1845s which ended with a million deaths and migration of the Irish people out of
Ireland (Nowicki et al., 2012). Since then, late blight epidemics have been frequently
observed in Europe (Hannukkalaet al., 2007), America (Fry & Goodwin, 1997),
Asia (Chunwongse et al., 2002), Africa (McLeod et al.,2001), and many other regions. The
pathogen parasitizes diverse hosts in family Solanaceae; however, potato and tomatoes are
drastically affected (Flier et al., 2003; Majeed et al., 2017). Typically, late blight symptoms on
foliage and stemsas green-brown or yellow spots which becomes necrotic regions as
the growth of pathogen occurs may appear a few hours after infection with P. infestans which
generally depend on the environmental conditions and host susceptibility (Fry, 2008; Majeed et
al., 2017). Accelerated by the cool temperature and moisture availability, P. infestans rapidly
propagate its mycelia producing thousands of lemon-shaped sporangia on sporangiophores
which serve as dispersal means and asexual infection agents aerially (Nowicki et al., 2012).
Sporangia are carried from the infected plants to healthy plant by water and air and when
settling on plants leaves and stem, they either directly germinate by germ-tube under
temperature the range between 20 and 25°C or indirectly by the release of many zoospores
when the temperature is low i.e., range between 10 and 15°C (Fry, 2008). Lesions and disease
symptoms appear at this stage and may take 2-3 days for the first necrotic lesion is visible (Fry,
2008). The asexual life cycle may repeat several times a week if environmental conditions
allow them to do so (Nowicki et al., 2012). Sporangial survival for next infection is restricted
to host tissues and little is known whether they can remain viable in the soil or other dead
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matter. However, it is well established that during the growing season when host plants are
available, the asexual life cycle of P. infestans predominates causing several disease cycles
(Drenth et al., 1995). P. infestation sex habits heterothallism with two compatible mating
types, Al and A2 and for sexual reproduction, the presence of both mating types are required
(Ristaino, 2002; Yuen & Andersson, 2013). Sexual reproduction may proceed both under
natural conditions when two opposite thali comes in contacts as well as in artificial inoculation
by growing mixtures of both mating types and the result is the formation of oospores (Drenth et
al., 1995). However, for sexual reproduction and production of a substantial number of
oospores, larger proportions of both mating types should be present nearby (Yuen &
Andersson, 2013). Oospores have thick walls and are larger than sporangia with the potential
capacity for survival in the soil for long periods unlike sporangia which remain viable only on
host tissues (Nowicki et al., 2012). Thus, oospores are a potential source of infection for next
season plants as well as a source of genetic variation and development of traits necessary for
coping with environmental changes, host resistance and fungicides resistance (Widmark et
al., 2011). Oospores germinate to form sporangiophores which bear sporangia that may switch
to asexual cycle by releasing zoospores, although germination of oospores is influenced by
several environmental factors.

Development, epidemiology and life cycle of late blight

Sporangia germinate with a specific germ tube at temperatures of 13-21°C. Days of 16-13°C
with high relative humidity and night-time temperatures followed by light rain, fog, or thick
dew, are the optimal conditions for infection and growth of late blight (Kirk 2009; Kirk et al.
2013). Temperatures above 30°C delay or stop the fungal growth in the field but do not kill it,
and when it gets healthy, the fungus can sporulate again, providing that the relative moisture
(near to 100%) is, of course, high enough (Agrios, 2005). The first signs of late blight are small
green light-to-dark and odd, water-soaked lesions in the area (Kirk et al., 2013). These usually
occur first on the lower leaves where the microclimate has high humidity (Martin et al., 1994).
However, they may occur in the upper leaves where weather is conducive and air currents have
brought the pathogen into the field (Martin et al., 1994; Kirk et al., 2013). The lesions develop
easily in rainy weather and form brown, black areas with infinite boundaries. At the edge of
the lesions on the undersides of the leaves is a region of bright, low-yellow, mildew
development 3-5 mm width. Both leaves are soon sick, die, and limp (Agrios, 2005). For spore,
production conditions shall be kept moist for at least 7-10 hours (Martin et al.,1994). Spores or
lesions are more noticeable during wet nights or rainy seasons due to the relationship the edge
of the lesion, mostly on the bottom of the leaf, the fungus may be a white, mildew like
development. This white growth separates late mildew from many other potato foliar diseases.
The spores are transferred to healthy plants by wind and rain where the disease cycle continues.
The growth of late blight epidemics depends heavily on the humidity and temperature in the
various phases of the fungal life cycle In one season, the fungus can complete several
reproductive cycles, taking into consideration the fast increase of the disease after it is found
in a field. Under constant conditions, all the tender sections of the plants are damp and grow
blight and red, resulting in a common odor. In the span of a few days or even weeks, whole
potatoes and plants can be blighted and die. The pathogens' operation is delayed or halted in
dry air. Established lesions avoid expanding, turn purple, curl, and wither, and there is no
oomycete on the bottom of the leaf. The oomycete returns to moisture and the disease
progresses again quickly When the air is damp (Agrios, 2005). Whenever sporangia and tuber
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diseases come into contact, tubers may be affected by P. infestans from the early stages of
tuberisation to storage. Infections occur most frequently as sporangia are washed from injuries
to stem and leaves to the surface and then to the tubers via the soil infections arise during the
growth or mature stage of the tubers, but the interaction between the tubers and sporangia is
more common when the tubers are swollen tubers are most often associated with cold and wet
soils (near field capacities) and soil temperatures above 18 ° C tend to eradicate infections.
Since sporangia can live in the soil for days or weeks, tubers can get infected for a while after
foliage infections are no longer sporadic (Fry 1998). When split open, the tubers in tissue look
water-soaked, dark, and somewhat reddish-brown when it is sliced off and stretches 5-15 mm
over the pulp. The tubers are at first more or less odd, pure-blue, or brownish-blacks. The
affected areas would later become solid and dry and somewhat reduced. Such lesions may be
tiny or virtually the whole tuber surface without further spread into the tuber. But after tuber
harvesting, rot tends to grow subsequently, sporangiophores or pathogen spores may cover
infected tubers or secondary fungal and bacterial infections, causing soft rots and causing
disgusting, aggressive, or rotting fume of potatoes (Agrios, 2005). The amount of tubers
rotating depends on the culture sensitivity, temperature, and period of the cultivar post-
infection (Martin et al.,1994; Kirk et al., 2013).

In living tissues including seed tubers, cull piles, and voluntary potatoes which are spent over
the winter in fields (Shinners et al., 2003), other solanaceous and soil, Phytophthora infestans
can thrive on live host tissue (Kirk et al., 2013). It normally persists every year in tubers that
are processed, in piles of cull pumps, or in tubers that are absent during winter harvest
(volunteer pumpkin) that are unfrozen. The pathogen may be spread by airborne spores to the
potato leaf in the skin from the contaminated tubers in cull piles or by volunteers. Important
reservoirs of the disease are also contaminated seed-potatoes. Any of the tubers infected will
rot in the ground.

Late blight won't occur until maturity, although not all plants from an infected tuber. P.
infestans sporangia can spread by wind, splashing rain, mechanical transportation, and animals
from infected plants on one field by healthy plants in the ecosystem (Martin et al. 1994; Kirk
2009; Kirk et al. 2013). Just a few days after the infection the stomata of the leaves are used to
form new sporangiospores which cause many of them to spread through the wind and infect
new plants. The duration from infection to sporangia formation in favorable weather maybe 4
days; therefore, in the same growing seasons, there can be a large number of asexual
generations and new infections. The sporangia, when they are able, are detached and carried
away by wind and rain, and germinate and cause infections when landing on damp potato leaves
or stems (Agrios, 2005). P. infestans sporangia germinate actively or indirectly by releasing
the zoospores, either through a germ channel. Germ tubes also can shape secondary sporangia
that can enhance the spore's survival (Harrison, 1992). When free water is present on floors
and 8-12 motive zoospores per sporangium, sporangia can germinate at temperatures between
7 and 13 ° they are free to swim in water attaché to the leaf and infect the vine. Encyst-borne
zoospores infect leaves, by stomata or direct penetration through penetration of the leaf surface
with sprouts (Kirk 2009; Kirk et al., 2013). The germ tube is penetrating straight into or
touching, stomata, and the mycelium expands abundantly throughout the cells. Older infected
cells die as the mycelium expands into fresh tissue. In all cases, as the disease progresses, new
legible lesions emerge and sometimes destroy the leaf and reduce the yields of potato tuber
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(Agrios, 2005).
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Figure 1: Late blight cycle of potato (Tsedaley, 2014)
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In rainy conditions, when Sporangia has washed off the leaves and transferred into the soil, the
second stage of the disease begins. The new zoospores germinate from lenticels or wounds and
enter the tubers. In the tuber, the mycelium often develops between the cells and transmits
haustorium in the cells. Tubers polluted in the soil or on diseased leaves can also become
infected with living sporangia during processing. The majority of blighted tubers however
rotate in the soil or the storage. The fungus more commonly develops and sporulates at relative
humidity close to 100 percent at 15-25 °C (Agrios, 2005).

Control methods for late blight

Chemical control by applying Fungicides

Without fungicides application, control of late blight of potato does not seem achievable. Thus
fungicides application is an active component of integrated disease control. Chemical controls
should be used with caution and under extreme attack only-successful and suggested use was
found for items such as Ridomil Gold, Dithane M-45, Filthane M- 45, Stable, Melody Duo
(Nyankanga et al., 2004; Rasheed & Khan, 2008; Rahman et al., 2008). Knowledge about the
biology of the pathogen, prevailing environmental conditions in potato growing areas, degree
of susceptibility of potato cultivars to late blight and mode of action of fungicides can help
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farmers to select proper chemicals and to apply them at a suitable time at suitable dosages.
Several chemicals are developed to manage various plant diseases by preventing or destroying
pathogens causing the disease and their knowledge is important in reducing losses in
production (Tiwari et al., 2020). Fungicide security is temporary since it is weathered and
broken up over time (Gupta et al., 2018). If applied on schedule, fungicides will sluggish or
avoid new symptoms, but the late blight symptoms are no longer healed (Mathews, 2015).
Cooke et al., (2011) argued that fungicides could effectively be employed as the active
component of integrated disease management if their nature, modes of activity, and their
relative influence on foliage, stem, and tuber infection caused by P. infestans could be taken
into account. Evenhuis et al., (2016) described that standard application rate even lower
frequencies of fungicides might be helpful in reducing disease damage if other cultural control
measures are addressed. Since the emergence of new strains of P. infestans which exhibit
fungicides resistance, selection of suitable fungicides, and timing of fungicide spray has
become even more crucial for effective control of late blight. In regions where the population
of P. infestans comprises fungicides resistant isolates, application of more than one type of
fungicides and changes in spray, the schedule seems a promising approach along with
utilizing integrated control measures such as the cultivation of resistant cultivars of potato.

Late blight of potato is effectively controlled by applying chemical fungicides at suitable rates
and intervals depending on the climatic conditions and disease severity (Majeed et al., 2014).
Effectively of fungicides in the management of late blight depends on the proper use and time
of application. After the great Irish potato famine caused by P. infestans, the first effective
fungicide used for diminishing late blight atrocities was the Bordeaux mixture, a copper sulfate
chemical which has several environmental implications (Haverkort et al., 2008). Progress in
synthetic chemistry in the last few decades has resulted in the formulation of advanced
chemicals that are relatively less hazardous than has now enabled manufacturers to Bordeaux
mixture; however, their excessive use also poses ecological, environmental, and financial
problems. The most commonly used fungicides for controlling late blight are cymoxanil +
mancozeb, cymoxanil + famoxadone, and fluazinam under different trade names (Hannukkala
et al., 2007). The first spray with a Ridomil MZ pace of 63,5% wp with a rate of 2 kg/ha was
found to be successful in controlling late blight (Ethiopia Late Blight Profile, 2004), following
2-3 sprays for the required base application of the Dithane M45 with a rate of 3 kg/ha. Every
year, substantial quantities of different fungicides and pesticides are used in agriculture for
controlling plant pathogens and pests of which more than 30% accounts for late blight
fungicides (Naerstad et al., 2007). Though, fungicides application is an effective measure to
check late blight at the earliest; however, public health, environmental problems and financial
costs associated with it is a major agricultural issue (Majeed et al., 2014; Majeed et al., 2017).
Late blight fungicides along with other pesticides are potent sources for the poisoning of
farmers, children, and other non-target animals and are one of the leading sources of air, soil,
and water pollution. Monetary costs due to late blight fungicides are considered as more than
3 billion dollars per year globally (Haverkort et al., 2008). Moreover, due to several migration
events of P. infestans and sexual reproduction, new genotypes of the pathogen with more
aggressiveness and potentials to overcome fungicides efficacy have been frequently appearing
which has further complicated late blight control (Majeed et al., 2014). Although it seems
nonfeasible to completely relinquish fungicides application, its use, however, may be
significantly reduced by adopting integrated strategies.
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Table 2: Rates of fungicides used to control late blight of potato

Fungicides Chemical name doses Citation

Mancozeb Diethane M-45 75%Wp 1.5 kg/ha (Mekonen & Tadesse,
2018)

Metalaxyl Ridomil 25%WP 2.5 kg/ha (Hannukkala et al.,
2007)

Chlorothalonil Bravo 500,40.4F (Hannukkala et
al.,2007)

Curzate Cymoxanil 60% DF 2 kg/ha (Hardy et al., 1995)

Oxathiapiprolin Zorvec 0.15L/ha (Bekele et al., 1996)

Bacticide Copper Hydroxide) 2.5 kgl ha (Mekonen & Tadesse,
2018)

Matco Metalaxyl8%+Mancozeb- 2 kg/ha (Mekonen & Tadesse,

64%) 2018)

Boss 72% WP Metalaxyl+Mancozeb 2 kg/ha (Mekonen & Tadesse,

2018)

Cultural control

The first line of defense against late blight is cultural practice (Arora et al., 2014). The survival
of P. infestans can be reduced to initiate outbreak by preventing the entry into the field of late
blight only by planting disease-free seed tubers, ideally approved seed, killing both culls and
potatoes, preventing daily or evening overhead irrigation, and ensuring good coverage (Goutam
etal., 2018). Late blight is managed using the appropriate harvesting, storage, and application
of fungicides as needed by removing culling piles and volunteer potatoes The cultural
interventions included: the use of disease-free / healthy seed, reduction of voluntary potato
plants, soil hilling, and plant nutrient control (Olanya et al., 2009). The pathogenic infestations
of farm crops can dramatically be reduced by cultural activities such as field sanitation,
weeding, cropping, inter-cropping.(Tripathi et al., 2020)

Integrated late blight management

Many ways may be used to incorporate adaptive management systems for foliar pathogens of
plants. Examples of using host tolerance to reduce or decrease fungicide dependencies include
transitioning from vulnerable to moderately resistant maize leaf (Exserohilum turicum) to
northern maize leaf blight management varieties (Drechsleratritici repentis) (Jones et al., 1998;
Debela et al., 2017). The successful late blight management technique of Phytophthora
infestans has shown a decrease in inputs of fungicide on moderately tolerant potato cultivars
relative to susceptible cultivars (Fry, 1978; Gans et al., 1995; Naerstad et al., 2007).

Resistant varieties also reduce the risk of fungicide tolerance to changes in P. infestans
population structure (Tsedaley, 2014; Arora, 2014). Plant breeders are therefore working to
produce disease-resistant cultivars to improve tolerance in genes of indigenous species that
have been hit hard by non- native invasive plant pathogens (Shah et al., 2020). One of the major
compounds for late blight control and in particular in tropical conditions is the use of resistant
varieties (Chowdappa, 2015; Pacilly et al., 2016). Resistant varieties are recommended, despite
being considered the key technique for the management of fungicides, since resistant varieties
postpone onset or decrease their growth rate, meaning that fewer fungicide sprays may be
required to achieve a sufficient degree of disease control (Agrios, 2005; Skelsey, 2010).
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Table 3 : Potato varieties and their resistance to late blight disease

Potato varieties | Resistance categories Countries References

Accent Tuber late blight, black leg, | U.K AHDB, 2020
potato cyst nematode

Sunita Late blight on tuber and | Netherland AHDB, 2020
foliage, potato cyst

Violet queen Late blight on tuber and | Canada, france AHDB, 2020
foliage, potato mop top

Gravity Powdery scab,skin spot, Late | Europe AHDB, 2020
blight on tuber and foliage,

Volare Late blight on tuber and | European country AHDB, 2020
foliage, potato cyst nematode

Accord Late blight on tuber and | England AHDB, 2020
foliage

Adora Late blight on tuber and | Netherland AHDB, 2020
foliage

Kurfi Sinduri Late blight on tuber and | India NHB, 2013
foliage

Kurfi Jyoti Late blight on tuber and | India NHB, 2013
foliage

Khumal Seto 1 | Late blight on tuber and | Nepal Krishi diary, 2019
foliage

Janak Dev Late blight on tuber and | Nepal Krishi diary, 2019
foliage

Gourmandine Late blight on tuber and | Europe, australia AHDB, 2020
foliage

Juliette Late blight on tuber and | France AHDB, 2020
foliage,Common scab

Manitou Late blight on tuber and | North africa AHDB, 2020
foliage,Potato virus, Dry rot

Leonata Late blight on tuber and | Europe AHDB, 2020
foliage, bruising , splitting

Tyson Late blight on tuber and | Canada AHDB, 2020
foliage, potato leafroll virus

Desiree Late blight on tuber and | Netherland NIVAA, 2007

foliage

Use of organic amendments for late blight control

With an annual production of 325.3 million tonnes (FAO, 2010), potato comes ahead of other
roots and tubers. These low yields are principally due to fungal disease; especially late blight
caused by Phytophthora infestans (Mont.) de Bary (CIP, 1987; Fontem, 1995; Njualem et al.,
2001). The use of synthetic fungicides and crop rotation are the recommended means for
controlling late blight. Some decades ago, it was reported that the use of compost in crop
production not only helps to improve the physicochemical properties and soil fertility but also
to control some soil-borne diseases and increase crop yields (Adebayo et al., 2001; Remade
2006; Yadessa et al., 2010). The efficiency of compost in controlling diseases is attributed to
its content in antagonistic microorganisms such as bacteria and actinomycetes (Yadessa et al.,
2010). These previous research works constitute the motivation of the present study. This study
aimed to evaluate the use of organic amendments in association with a synthetic fungicide on

the control of late blight.
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Sources and types of organic amendments

The use of organic amendments to improve soil quality and fertility dates back to thousands of
years ago. Greeks and Romans applied animal manure and human sewage to the soil. At that
time they also knew that wheat took advantages if grown on fields previously cultivated with
leguminous plants (Goss et al., 2013). Different materials, such as sea-shells, vegetable waste,
farmyard manure, and other waste products were already used to promote crop growth. ldeal
use of mineral and organic manures improves the input of plants, crops, and the availability of
water use (Pandey et al., 2020). Balanced application of organic fertilizers improves fertilizer
performance and increases the soil's physical, chemical, or biological environment, leading to
an increase in crop yield (Shrestha et al., 2020). Plant growth and development, therefore,
depends fundamentally on fertilizer, compost, water level, i.e. biomass enhancement
modifications, increased plant growth, and output. (K.C. et al., 2020)

Nowadays the most common soil organic amendments are compost and animal manure, but
also peat moss, wood chips, straw, sewage sludge, sawdust are used. The different materials
can be grouped essentially into five categories (Goss et al., 2013).

Animal manure

Manure is composed of feces, urine, and animal bedding stacked and turned until a certain level
of composting. It derives from beef, dairy, pork, poultry, and turkey, and its composition
depends on its origin, the time that urine and feces are excreted and mixed and the storage time
before being applied to the soil. Manure supplies nutrients for crops but also organic matter
thus improving soil fertility (Goss et al., 2013). Indeed, the degradation processes occurring in
the surface layers of the manure, under aerobic conditions, produce CO, and not easily
degradable organic compounds; conversely, when anoxic conditions occur, mainly in the
deeper layers of manure if it is not turned, small molecules of volatile organic acids and CH4
gas form.

Municipal biosolids

Municipal sludge or biosolids are organic solids subjected to several treatments to stabilize
organic matter to reduce unpleasant smell and not attract pests and spreading disease (Goss et
al., 2013). As containing nutrients and organic matter, biosolids can be applied to agricultural
soils but under regulatory controls that set limits for heavy metals, weeds, human, and plant
pathogens.

Green manure and cover crops

Green manure consists of incorporating into the soil specific forage or crop varieties while
green or soon after flowering to improve soil physical and chemical fertility (Goss et al., 2013).
Cover crops can be useful in crop rotations also to fill in a short period of non-cultivation to
protect soils, prepare the land for a perennial crop or provide animal feed. Cereal crops
contribute with straw remained after harvest, whereas legumes, such as soybeans, cowpeas,
clover, are frequently preferred as they are able to fix N from the atmosphere working with
bacteria at the root level. As green manure legumes are useful to add N besides organic matter
that soil gains when whole plants are buried. Even non-legumes plants, such as forage sorghum,
millet, annual ryegrass, buckwheat, are used to provide biomass and suppress weeds. The main
benefit of green manure and the cover crop is the addition of nutrients and organic matter to
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the soil, but also an increase in microbial activity and water retention capability (Shrestha et
al., 2020). Independently of its incorporation into the soil, a cover crop is any crop grown to
provide soil cover and to prevent erosion by wind and water (Sullivan, 2003). For example, in
late summer or autumn, the planting covers the soil to protect it through winter. A summer
cover crop will enhance the poor soils or prepare the soil for a perennial crop (Sullivan, 2003).

Waste from manufacturing processes

Several organic by-products coming from manufacturing processes such as exhausted seeds,
hoof and horn meal, animal feathers and fur, residues from sugar extraction, biochar, distillery
waste, biosolids from the paper mill can be applied to soil (Goss et al., 2013). In the latter case,
only a small fraction is used for agronomic purposes because not enough information is
available about lignin mineralization during composting (Tuomela et al., 2000; Goss et
al., 2013).

Compost

The decomposition of organic wastes leads to the formation of the most used soil amendment,
the compost. The use of compost represents both an interesting agricultural practice and waste
recycling management (Pérez-Piqueres et al., 2006). Indeed, it allows reducing the costs of
green/urban waste disposal, recycling nutrient elements for crops, and providing for soil
organic matter depletion. Multiple benefits derive from the use of compost as fertilizer, for
example, an increase in organic C content and microbial activity (Scotti et al., 2015), a greater
concentration of plant nutrients like N, P, K, and Mg, and a root reinforcement (Donn et
al., 2014).Balanced use of fertilizers increases soil fertility without environmental degradation
in a sustainable way (Shrestha et al., 2020). The improvement of soil porosity with a
consequent increase of water available for plants (Scotti et al., 2013), cation exchange capacity
(CEC), and biological activities can also occur. An important feature of compost is the
capability to influence soil microflora by suppressing many soilborne pathogens diseases such
as Pythium, Phytophthora, Fusarium spp. (Szczech & Smolinska, 2001; Borrero et al., 2004).
Animal husbandry and their manure have a conveniently reliable and vital role to play in
Nepalese agriculture. In the last years, the use of commercial compost in agriculture has been
replaced by on-farm compost. On-farm composting could be an efficient, cost-effective, and
environmentally safe biological process for the recycling of residual agricultural biomasses
(Pane et al., 2015). In this way, the on-farm compost production could contribute to solve the
problem of disposing of agricultural biomasses and vegetable feedstock and, at the same time,
to provide for farmers a self-supply of quality compost for the improvement of soil quality.

CONCLUSION

The late scourge is a highly destructive disease in the potato crop with a yield loss of up to
90%. It is essential to know the potato genotypes with tolerance or vulnerability to late blight
in the distribution of different cultivars in the right areas. Combined fungicide with a
moderately tolerant form of potatoes is an important way of dealing with potato infection of
late blight. Potato late blight disease development with a typical decrease in disease index and
an enhancement in tuber yield may be reduced by the prescribed treatment pace for fungicides
and timeliness. The fungicide analysis decreases contamination from potato-late blight in
combination with a moderately resistant variety of potatoes and increases the yield of potato
tuber. Late blight prevention was considered one of the best strategies for disease management
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in tropical regions with ample fungal inoculants in more months of the year. The late blight is
the most damaging of its production restrictions and can result in a complete loss of crops. The
selection and execution of its successful management strategy, therefore, involves an
understanding of its growth, epidemiology, and life cycle. There are various kinds of potato
late blight management options that can help to mitigate the impact. However, owing to the
recent emergence of pressure in the world, there is not one successful late potato management
method. The most effective, environmentally friendly (both for humans and animals) and low-
priced for consumers is thus the integrated disease management (IDM) approach.

Authors’ Contributions
I. Tiwari, K. K. Shah, S. Tripathi, B. Modi, S. Subedi and J. Shrestha wrote this review paper

Conflicts of Interest
The authors declare that there is no conflict of interest.

REFERENCES

ABPSD. (2015). Statistical information on Nepalese agriculture. Kathmandu, Nepal: Agri-
business promotion and statistics division statistics section, ministry of agriculture
development, Nepal. Retrieved from http://moad.gov.np/public/uploads/1862943441-
yearbook2015.pdf

Adebayo, O. S. I., & Ekpo, E. J. A. (2001). Effects of organic amendments on tomato diseases
caused by Ralstonia solanacearum and Fusarium oxysporum fsp lycopersicum. In:
Tanywa, J.S., Nampala, P., Tusiime, G., Osiru, M. (eds). African Crop Science
Conference Proceeding, 5(1), 305 — 307.

Agriculture and Horticulture Development Board (AHDB). (2020). Potato variety database.
https://varieties.ahdb.org.uk/varieties/view

Agrios, G.N. (2005). Plant Pathology. 5th Edition. Academic Press, London, New York,
922pp.

Arora, R.K., Sharma, S., & Singh, B.P. (2014). Late blight disease of potato and its
management. Potato Journal, 41(1), 16-40

Bajracharya, M., & Sapkota, M. (2017). Profitability and productivity of potato (Solanum
tuberosum) in Baglung district. Nepal. Agriculture and Food Security, 6, 47. DOI:
https://doi.org/10.1186/s40066-017-0125-5

Bekele, K., & Yaynu, H. (1996). Tuber yield loss assessment of potato cultivars with different
levels of resistance to late blight. In: Proceedings of the 3rd Annual conference of Crop
Protection Society of Ethiopia. 18-19 May, Addis Abeba, Ethiopia. Eshetu Bekele,
Abdurahman Abdulahi and AynekuluYemane (Eds.), pp. 149-152. CPSE, Addis
Ababa.

Bekele, Kassa., & Hailu, B. (2001). Efficacy and economics of fungicide spray in the control
of late blight of potato in Ethiopia Ethiopian Agricultural Research Organization.
Holetta Agricultural Reasearch Center. Journal of African Crop Science, 9(1), 245-
250.

Borrero, C., Trillas, M.1., Ordovas, J., Tello, J.C., &Avilés, M. (2004). Predictive factors for
the suppression of Fusarium wilt of tomato in plant growth media. Phytopathology,
94(1), 1094-1101.

CIP (Centre international de pomme de terre). (1987). La pomme de terre. Bulletin

313


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

d’information technique, Lima Peru, 6(2), 37-44.

CIP (International Potato Center). (2009). Laboratory manual for Phytophthora infestans work
at CIP Quito.

Chowdappa, P., Nirmal Kumar, B. J., Madhura, S., Mohan Kumar, S. P., Myers, K. L., Fry, W.
E., & Cooke, D. E. L. (2015). Severe outbreaks of late blight on potato and tomato in
South India caused by recent changes in the Phytophthora infestans population. Plant
Pathology, 64(1), 191-199.

Chunwongse, J., Chunwongse, C., Black, L., & Hanson, P. (2002). Molecular mapping of the
Ph-3 gene for late blight resistance in tomato. The Journal of Horticulture Science
Biotechnol, 77(3), 281-286.

Cooke, L. R., Schepers, H., Hermansen, A., Bain, R. A., Bradshaw, N. J., Ritchie, F., &
Andersson, B. (2011). Epidemiology and integrated control of potato late blight in
Europe. Potato Res, 54(2), 183-222

Davidse, L.C., Looijen, D., Turkensteen L.J., & Van der Wal D. (1981). Occurrence of
metalaxyl-resistant strains of Phytophthora infestans in The Netherlands. European
Plant Protection Organization Bulletin, 15, 403-409.

Debela, M., Dejene, M., & Abera, W. (2017). Management of Turicum leaf blight
[Exserohilumturicum (Pass.) Leonard and Suggs] of maize (Zea mays L.) through
integration of host resistance and fungicide at Bako, Western Ethiopia. African Journal
of Plant Science, 11, 6 - 22.

Dhital, B. K., & S. R. (1996). Blighted potato. The Rising Nepal, 3 May 1996.

Donn, S., Wheatley, R.E., McKenzie, B.M., Loades, K.W., & Hallett, P.D. (2014). Improved
soil fertility from compost amendment increases root growth and reinforcement of
surface soil on slope. Ecol. Eng., 71, 458-465.

Drenth, A., Janssen, E. M., &Govers, F. (1995). Formation and survival of oospores of
Phytophthora infestans under natural conditions. Plant Pathol., 44(1), 86-94

Dutt, B. L. (1979). Bacterial and fungal disease of potato. ICAR, New Delhi

Elansky, S.N., Smirnov, A.N., Dyakov, Y., Dolgova, A., Filippov, A., Kozlovsky, B.,
Kozlovskaya, 1., Russo, P., Smart, C., & Fry, W.E. (2001). Genotypic analysis of
Russian isolates of Phytophthora infestans from the Moscow region, Siberia, and Far
East. Journal of Phytopathology, 149, 605-611

Erwin, D.C., & Ribeiro, O.K. (1996). Phytophthora infestans (Mont) de Bary (1876). pp. 346-
353. In Phytophthora Disease World Wide. The American Phytopathological Society.
St. Paul. Minnesota

Ethiopia Late Blight Profile. (2004). (Update January 2004)

FAO (Food and Agricultural Organization). (2010). Traditional Food plants. A resource book
for promoting the exploitation and consumption of food plants in arid, semi-arid and
sub-humid lands of Eastern Africa. FAO Food and Nutrition, 42, 458-466.

FAO. (Food and Agricultural Organization) (2016). FAOSTAT, Data base of agricultural
production. Food and Agriculture Organization. Retrieved in December 23, 2017 from
http://www.fao.org/faostat/en/#data/QC

Flier, W. G., Vanden Bosch, G., & Turkensteen, L. J. (2003). Epidemiological importance of
Solanum sisymbriifolium, S. nigrumand, S. dulcamaraas alternative hosts for
Phytophthora infestans. Plant Pathology, 52(5), 595-603

Fontem, D. A. (1995). Yields of potato as influenced by crop sanitation and reduced fungicidal
treatments against late blight. Tropicultura, 13, 99-102.

314


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

Forbes, G. A., Grinwald, N. J., Mizubuti, E. S. G., Andrade-Piedra, J. L., & Garrett, K. A.
(2007). Potato late blight in developing countries. Retrieved from
https://www.semanticscholar.org/paper/Potato-late-blight-in-developing-countries-
Forbes-Gr%C3%BCnwald/5b44240d40125f354777ad95eecaad9ch74ebeca

Fry, W. E., & Goodwin, S. B. (1997). Re-emergence of potato and tomato late blight in
the United States. Plant Disease, 81(12), 1349-1357.

Fry, W. E. (1998). Vegetable Crops. Late Blight Potatoes and Tomatoes. Cornell University
Cooperative Extension. NewYork State. USA. Retrieved from
http://vegetablemdonline.ppath.cornell.edu/factsheets/Potato_L ateBlt.htm. (Fact
Sheet Page:726.20 Date 7-1998).

Fry, W. E., & Goodwin, S.B. (1997). Resurgence of the Irish potato famine fungus. Bioscience,
47, 363-371.

Fry, W. E., & Mizubuti, E. S. (1998). Potato late blight. In: the epidemiology of plant diseases.
Kluer academic publisher group, Netherlands.

Fry, W. E., Birch, P. R. J., Judelson, H. S., Grliinwald, N. J., Danies, G., Everts, D. A., Gevens,
K. L., Gugino, A. J., Johnson, B. K., Johnson, S. B., & McGrath, M. T. (2015). Five
reasons to consider Phytophthora infestans a reemerging pathogen. Phytopathology,
105 (7), 966-981.

Fry, W.(1978). Quantification of general resistance of potato cultivars and fungicide effects for
integrated control of potato late blight. Phytopathology, 68, 1650— 1659.

Gans, P., Carson, W., Pearson, N., & Owen, L.L. (1995). Exploiting cultivar resistance to
control potato blight (Phytophthora infestans). In: Dowley, L. J., Bannon, E., Cooke,
L., Keane, T., O'Sullivan, E., eds. Phytophthora infestans 150. Dublin, Ireland: Boole
Press Ltd, 345- 50.

Garrett, K. A., Nelson, C. C., & Mundt, G. (2001). The effect of host diversity and other
management components on epidemic of 924 Kasetsart J. (Nat. Sci.) 40 (4) potato late
blight in the humid high land tropics. Phytopathol, 91, 993-1000.

Ghimire, S. R., Hyde, K. D., Hodgkiss, I. J., Shaw, D. S., & Liew, E. C. Y. (2003). Variations
in the Phytophthora infestans population in Nepal as revealed by nuclear and
mitochondrial DNA polymorphisms.Phytopathology, 93(2), 236-243.

Goodwin, S. B., Spielman, L. J., Matuszak, J. M., Bergeron S. N., & Fry, W. E. (1992). Cloning
diversity and genetic differentiation of P. infestansin northern and central Mexico.
Phytopathology, 82, 955-961.

Goss, M. J., Tubeileh, A., & Goorahoo, D. (2013). A review of the use of organic amendments
and the risk to human health. Adv. Agron. 120, 275-379.

Goutam, U., Thakur, K., Salaria, N., & Kukreja, S. (2018). Recent Approaches for Late Blight
Disease Management of Potato Caused by Phytophthora infestans. In Fungi and their
Role in Sustainable Development. Current Perspectives, 4(3), 311-325. Springer,
Singapore.

Gupta, S. K., & Thind, T. S. (2018). Disease problems in vegetable production. Scientific
Publishers.

Hakiza, J. J. (1999). The importance of resistance to late blight in potato breeding in Africa.
In: Proceedings of the Global Initiative on Late Blight Conference. Quito, Ecuador,
pp.16-19.

Hannukkala, A. O., Kaukoranta, T., Lehtinen, A., & Rahkonen, A. (2007). Late-blight
epidemics on potato in Finland, 1933-2002; increased and earlier occurrence of

315


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

epidemics associated with climate change and lack of rotation. Plant Pathology, 56(1),
167-176.

Hardy, B.B., Trognit, Z., & Forbes, G.A. (1995). Late blight breeding at CIP. Circular (Lima-
Peru), 21, 2-5.

Harrison, J.G. (1992). Effects of the aerial environment on late blight of potato foliage - a
review. Plant Pathology, 41(4), 384-416.

Haverkort, A. J., Struik, P. C., Visser, R. G. F., & Jacobsen, E. J. P. R. (2009). Applied
biotechnology to combat late blight in potato caused by Phytophthora infestans. Potato
Research, 52(3), 249-264.

James, C. (1981). A manual of assessment keys for plant disease. Canada Department of
Agriculture. The American Phytopathological Society Publication No. 1458.

Jones, G. D. (1998). The epidemiology of plant diseases.3rd edition. Kluwer Academic
Publishes London, 4(2), 371-388.

K.C., S., Shah, K., Baidhya, N., Neupane, P., Pokhrel, S., Upadhyay, K., & Shrestha, J. (2020).
Evaluation of seedling growth of rice (Oryza sativa L.) genotypes under water stress
and non-stress conditions. Archives of Agriculture and Environmental Science, 5, 174—
178. DOI: https://doi.org/10.26832/24566632.2020.0502014

Kirk, W. (2009). Potato Late Blight Alert for the Midwest. Field Crop Advisory Team Alert
Curent News Atrticles.

Kirk, W., Wharton, P., Hammerschmidt, R., Abu-el Samen, F., & Douches, D. (2013). Late
Blight. Michigan State University Extension Bulletin E-2945. East Lansing, MI.
Available on: http://www.potatodiseases.org/lateblight.html

Krishi Diary. (2019) Ministry of agriculture and Livestock Development. Retrieved from
https://aitc.gov.np/english/downloadsdetail/2/2019/19794382/

Kromann, P., Miethbauer, T., Ortiz, O., & Forbes, G. A. (2014). Review of potato biotic
constraints and experiences with integrated pest management interventions. In
Integrated pest management pp :245-268. Springer, Dordrecht pest management, 4(1),
245-268. Springer, Dordrecht.

Kromann, P., Taipe, A., Perez, W. G., & Forbes, G. A. (2009). Rainfall thresholds as support
for timing fungicide applications in the control of potato late blight in Ecuador and
Peru. Plant Disease, 93(2), 142-148.

Lal, M., Sharma, S., Yadayv, S., & Kumar, S. (2018). Management of Late Blight of Potato.
Potato - From Incas to All Over the World. DOI:
https://doi.org/10.5772/intechopen.72472

Large, E. C. (1958). Losses Caused by Potato Blight in England and Wales. Plant Pathology,
7(2), 39-48. DOI: https://doi.org/10.1111/j.1365-3059.1958.tb00820.x

Latijnhouwers, M., Ligterink, W., &Vleeshouwers, V.G. (2004). A Go subunit controls
zoospore mobility and virulence in the potato late blight pathogen. Phytophthora
infestans. Mol. Microbiol, 51, 925-936

Lima, M. A., Maffia, L. A., Barreto, R. W., & Mizubuti, E. S. G. (2009). Phytophthora infestans
in a subtropical region: Survival on tomato debris, temporal dynamics of airborne
sporangia and alternative hosts. Plant Pathology, 58, 87— 99.

Majeed, A., Chaudhry, Z., & Muhammad, Z. (2014). Changes in Foliar Glycoalkaloids Levels
of Potato (Solanum tuberosum) Triggered by Late Blight Disease Severity.
International Journal Agriculture Biology, 16(3), 609-613.

Majeed, A., Muhammad, Z., Ullah, Z., Ullah, R., & Ahmad, H. (2017). Late blight of potato

316


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

(Phytophthora infestans) I: Fungicides application and associated challenges. Turkey
Journal Agriculture Food Science Technology, 5(3), 261-266.

Martin, A. D., Gary, A. S., Neil, C. G., Arthur, H. L., & Duane, P. (1994). Leaf Blight Diseases
of Potato. North Dakota State University Agriculture and University Extension.
Matson, M. E. H., Small, I. M., Fry, W. E., & Judelson, H. S. (2015). Metalaxyl resistance in
Phytophthora infestans: Assessing role of RPA190 gene and diversity within Clonal

lineages. Phytopathology, 105, 1594— 1600.

McLeod, A., Denman, S., Sadie, A., & Denner, F. (2001). Characterization South African
isolates  of Phytophthora infestans. Plant Dis., 85(3), 287-291.

Mekonen, S., & Tadesse, T. (2018). Effect of Varieties and Fungicides on Potato Late Blight
(Phytophthora infestans, (Mont.) de Bary) Management. Agrotechnology, 07(02). DOI:
https://doi.org/10.4172/2168-9881.1000182

Mizubuti, E. S. G., & Forbes, G. A. (2002). Potato late blight IPM in the developing countries.
In C. Lizarraga (Ed.), Late blight -managing the global threat, 93— 97. Lima, Peru: CIP.

Mukalazi, J., Adipala, E., Sengooba, T., Hakiza, J. J., Olanya, M., & Kidanemariam, H. M.
(2001). Metalaxyl resistance, mating type and pathogenicity of Phytophthora infestans
in Uganda.Crop Protection, 20(5), 379-388.

NPRP. (2014). Annual Report 2070/71 (2013/14). National Potato Research Programme,
NARC, Khumaltar, Lalitpur, Nepal.

Naerstad, R., Hermansen, A., & Bjor, T. (2007). Exploiting host resistance to reduce use of
fungicides to control potato late blight. Plant Pathology, 56, 156— 66.

National Horticulture Board (NHB). (2013). Ministry of agriculture and farmer welfare, Potato
varieties. Retrieved from http://nhb.gov.in/pdf/vegetable/potato/pot013.pdf

Netherlands Consultative Potato Institute (NIVAA). (2007). Netherlands Catalogue of Potato
Varieties, 5(2), 288.

Neupane, P., Shrestha, R. K., & Shrestha, J. (2018). Efficacy of fungicides against late blight
of potato. Agriculture, 107(3-4), 39-43. http://dx.doi.org/10.15835/ agrisp.v107i3-
4.13065

Njulaem, D.K., Demo, P., Mendoza, H.A., Koi, J.T., & Nana, S. F. (2001). Reactions of some
potato genotypes to late blight in Cameroon. African Crop Science Journal, 9(1), 209-
213.

Nowicki, M., Foolad, M. R., Nowakowska, M., & Kozik, E. U. (2012). Potato and tomato
late blight caused by Phytophthora infestans: an overview of pathology and
resistance breeding. Plant Disease, 96(1), 4-17

Nyankanga, R. O., Wien, H. C., Olanya, O. M., & Ojiambo, P. S. (2004). Farmers’ cultural
practices and management of potato late blight in Kenya Highlands: Implications for
development of integrated disease management. International Journal of Pest
Management, 50(2), 135-144. DOI: https://doi.org/10.1080/09670870410001691812

Ojiambo, P. S., Namanda, S., Olanya, O. M., EI-Bedewy, R., Hakiza, J. J., Adipala, E., &
Forbes, G. (2001). Impact of fungicide application and late blight development on
potato growth parameters and yield in the tropical highlands of Kenya and Uganda.
African Crop Science Journal, 9(1), 225-233.

Olanya, O. M., Ojiambo, P. S., Nyankanga, R. O., Honeycutt, C. W., & Kirk, W. W. (2009).
Recent developments in managing tuber blight of potato (Solanum tuberosum) caused
by Phytophthora infestans. Canadian Journal of Plant Pathology, 31 (3), 280-289.

Pacilly, F. C., Groot, J. C., Hofstede, G. J., Schaap, B. F., & Van Bueren, E. T. L. (2016).

317


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

Analysing potato late blight control as a social-ecological system using fuzzy cognitive
mapping. Agronomy for sustainable development, 36 (2), p. 35.

Pandey, M., Shrestha, J., Subedi, S., & Shah, K. (2020). Role of nutrients in wheat: A review.
Tropical Agrobiodiversity, 1(1), 18-23.

Pandit, R., Bhatta, R., Bhusal, P., Acharya, B., Subedi, S., & Shrestha, J. (2020). Response of
local potato cultivars to late blight disease (Phytophthora infestans (Mont.) de Bary)
under field conditions. Agro Bali: Agricultural Journal, 3(1), 28-37.

Pane, C., Celano, G., Piccolo, A., Villecco, D., Spaccini, R., Palese, A.M., &Zaccardelli, M.
(2015). Effects of on-farm composted tomato residues on soil biological activity and
yields in a tomato cropping system. Chemistry Biological Technology of Agriculture,
2(1), 4-8.

Powelson, M. L., Ludy, R., Heather, H., Inglis, D. A., Gundersen, B., & Derie, M. (2002).
Seed borne late blight of potato. Plant Health Progress, 3(1), 14. DOI:
https://doi.org/10.1094/PHP-2002-0129-01-HM

Pérez-Piqueres, A., Edel-Hermann, V., Alabouvette, C., & Steinberg, C. (2006). Response of
soil microbial communities to compost amendments. Soil Biol. Biochem., 38, 460-470.

Rahman, M. M., Dey, T. K., Ali, M. A., Khalequzzaman, K. M., & Hussain, M. A. (2008).
Control of late blight disease of potato by using new fungicides. International Journal
of Sustainability Crop Production, 3(2), 10-15

Rasheed, A., & Khan, S. A. (2008). Relative efficacy of various fungicides, chemicals and
biochemical against late blight of potato. Pakistan Journal of Phytopathology, 20(1),
129-133

Remade, K. (2006). Compost and disease suppression, Organics Factsheet, Scotland.

Rhoades, R. (1985). Traditional potato production and farmers' selection of varieties in eastern
Nepal. Potatoes in Food Systems Research Series, Report No. 2. International Potato
Centre (CIP), Lima, Peru.

Ristaino, J. B. (2002). Tracking historic migrations of the Irish potato famine  pathogen,
Phytophthora infestans. Microbes Infectation, 4(13), 1369-1377.

Runno-Paurson, E., Kiiker, R., Joutsjoki, T. & Hannukkala, A. (2016). High genotypic
diversity found among population of Phytophthora infestans collected in Estonia.
Fungal Biology, 120, 385-392.

Scotti, R., Conte, P., Berns, A.E., Alonzo, G., & Rao, M.A. (2013). Effect of organic
amendments on the evolution of soil organic matter in soils stressed by intensive
agricultural practices. Current Organism Chemistry, 17, 2998-3005.

Scotti, R., D, Ascoli, R., Bonanomi, G., Caceres, M.G., Sultana, S., Cozzolino, L., Scelza, R.,
Zoina, A., & Rao, M.A. (2015). Combined use of compost and wood scraps to increase
carbon stock and improve soil quality in intensive farming systems. European Journal
of Soil Science. DOI: 10.1111/ejss.12248.

Selvaraj, T. (2013). Field Evaluation of New Fungicide, Victory 72 WP for Management of
Potato and Tomato Late Blight (Phytophthora infestans (Mont) de Bary) in West Shewa
Highland, Oromia, Ethiopia. Journal of Plant Pathology & Microbiology, 04(08). DOI:
https://doi.org/10.4172/2157-7471.1000192

Shah, K., Tiwari, 1., Tripathi, S., Subedi, S., & Shrestha, J. (2020). Invasive alien plant species:
A threat to biodiversity and agriculture in Nepal. Agriways, 8(2), 62-73.

Sharma, B. P., Forbes, G. A., Manandhar, H. K., Shrestha, S. M., & Thapa, R. B. 2013.
Determination of resistance to Phytophthora infestans on potato plants in field,

318


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

laboratory and greenhouse conditions. Journal of Agricultural Science, 5, 148— 157.

Sharma, B. P., Manandhar, H. K., Forbes, G. A., Shrestha, S. M., & Thapa, R. B. (2011).
Efficacy of fungicides against Phytophthora infestans in potato under laboratory and
field conditions. Nepal Agriculture Research Journal, 11, 28-39.

Sharma, H. B., & KC, H. B. (2004). Participatory IDM research on potato late blight through
farmers field school, in Advances of horticulture research in Nepal. In Proceedings of
the Fourth National Workshop on Horticulture 2004. Kathmandu, Nepal: Horticulture
Research Division, Nepal Agricultural Research Council, Khumaltar, Lalitpur, Nepal.

Shinners, C. T., Bains, P., McLaren, D., & Thomson, J. (2003). Commercial Potato Production-
Disease Management. Guide to commercial potato production prairies. Western Potato
Council. Retrieved from http://www.gov.mb.ca/agriculture//crops/potatoes/bda04s07

Shrestha, J., Kandel, M., Subedi, S., & Shah, K.K. (2020). Role of nutrients in rice Oryza
sativa L.. A review. Agrica, 9, 53-62. DOI: https://doi.org/10.5958/2394-
448X.2020.00008.5

Shrestha, J., Shah, K. K., & Timsina, K. (2020). Effects of different fertilizers on growth and
productivity of rice (Oryza sativa L.): A review. International Journal of Global
Science Research, 7(1),1291-1301. DOI:https://doi.org/10.26540/ijgsr.v7.i1.2020.151

Shrestha, S. K. (2000). Late blight of potato: Its magnitude distribution losses and approaches
to management in Nepal. African Potato Association Conference Proceedings, 5, 303—
307.

Shrestha, S. K., Shrestha, K., Kobayashi, K., Kondo, N., Nishimura, R., Sato, K., & Ogoshi,
A. (1998). First report of Al and A2 mating types of Phytophthora infestans on potato
and tomato in Nepal. Plant Disease, 82, 1064-1064

Shrestha, S., Shrestha, J., & Shah, K.K. (2020). Non-Timber Forest Products and their Role in
the Livelihoods of People of Nepal: A Critical Review. Grassroots Journal of Natural
Resources, 3(2), 42-56.

Shrestha, S.K. (1976). Study on late blight of potato in Nepal. Nepalese Journal of Agriculture,
6(11), 91-105.

Singh, B.P., Roy, S., Bhattacharyya, S.K., & Shekhawat, G.S. (1994). Scheduling of
metalaxyl  based  fungicide and development of fungicide resistance
strainin Phytophthora infestans. In: Potato: Present and Future (eds. GS Shekhawat,
SMP Khuran, SK Pandey and VR Chandla. Published by Indian Assoc., 174-178
Pp.

Skelsey, P., Rossing, W. A., Kessel, G. J., &vander Werf, W. (2010). Invasion of Phytophthora
infestans at the landscape level: how do spatial scale and weather modulate the
consequences of spatial heterogeneity in host resistance. Phytopathology, 100(11),
1146-1161.

Sundaresha, S., Kumar, S., Singh, B. P., Jeevalatha, A., Rawat, S., Mahota, A.K., & Sharma,
T. R. (2015). Comparative genome analysis of Irish famine pathogen with Indian
Phytophthora infestans isolate. In: 3rd International symposium on Phytophthora:
Taxonomy, genomics, pathogenicity, resistance and disease management. 9th -12th
September, 2015. Bengaluru, India, 3(1), 24-28.

Szczech, M., & Smolinska, U. (2001). Comparison of suppressiveness of vermicomposts
produced from animal manures and sewage sludge against Phytophthora nicotianae
Breda de Haan var. nicotianae. Journal of Phytopathology, 149, 77-82.

Timsina, K. P., Kafle, K., & Sapkota, S. (2011). Economics of potato production in

319


https://doi.org/10.3126/janr.v4i1.33374

Journal of Agriculture and Natural Resources (2021) 4(1): 301-320
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)
DOI: https://doi.org/10.3126/janr.v4i1.33374

Taplejung district of Nepal. Agronomy Journal of Nepal. Agronomy Society of Nepal
(ASoN) and Crop Development Directorate (CDD), Department of Agriculture (DoA),
Kathmandu, 2, 173-181.

Tiwari, 1., Shah, K. K., Tripathi, S., Modi, B., Shrestha, J., Pandey, H. P., Bhattarai, B. P., &
Rajbhandari, B. P. (2020). Post-harvest practices and loss assessment in tomato
(Solanum lycopersicum L.) in Kathmandu, Nepal. Journal of Agriculture and Natural
Resources, 3(2), 335-352. DOI: https://doi.org/10.3126/janr.v3i2.32545

Tomato-Potato Late Blight in the Home Garden. (n.d.). Penn State Extension. Retrieved
November 24, 2020, from https://extension.psu.edu/tomato-potato-late-blight-in-the-
home-garden

Tripathi, S., Shah, K. K., Tiwari, I., & Shrestha, J. (2020). Farmers’ Perception about Major
Insect Pests of Cucurbits and Their Management. Indonesian Journal of Agricultural
Research, 3(3), 153 - 170. DOI: https://doi.org/10.32734/injar.v3i3.4414

Tsedaley, B. (2014). Late blight of potato (Phytophthora infestans) biology, economic
importance and its management approaches. Journal of Biology, Agriculture and
Healthcare, 4(25), 215-225.

Tuomela, M., Vikman, M., Hatakka, A., & Itdvaara, M. (2000). Biodegradation of lignin in a
compost environment: a review. Bioresource Technol., 72,169-183.

Widmark, A. K., Andersson, B., Sandstrom, M., & Yuen, J. E. (2011). Tracking Phytophthora
infestans with  SSR markers within and between seasons—a field study in Sweden.
Plant Pathol, 60(5), 938-945.

Yadessa, G. B., Van, & Bruggen, Ocho, F. L. (2010). Effects of soil amendments on bacterial
wilt caused by Ralstonia solanacearum and on the yield of tomato. Journal of
Phytopathology, 92(2), 439-450.

Yoshida, S., & Sakai, A. (1973) Phospholipid changes associated with the cold hardiness of
cortical cells from poplar stem. Plant and cell physiology, 14, 353-359. DOI:
10.1093/oxfordjournals.pcp.a074867

Yuen, J. E., & Andersson, B. (2013). What is the evidence for sexual reproduction of
Phytophthora infestans in Europe?.Plant Pathology, 62(3), 485-491

Zimnoch-Guzowska, E., Lebecka, R., Kryszczuk, A., Maciejewska, U., Szczerbakowa, A.,
&Wielgat, B. (2003). Resistance to Phytophthora infestans in somatic hybrids of
Solanum nigrum L. and diploid potato. Theoretical and Applied Genetics, 107(1), 43-
48.

320


https://doi.org/10.3126/janr.v4i1.33374

