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Abstract

Plant parasitic nematodes are tiny, spherical worms that feed on the stems, leaves, and roots of plants,
posing a serious danger to global agriculture. Especially in horticultural nurseries and trees of various
fruit varieties, their sneaky presence immediately reduces fruit yield in apple, pear, and peach plants
while also assisting in the spread of slow decline disease. Smallholder agriculture faces a fresh and
pressing problem as numerous nematode species destroy economically significant crops. Integrated pest
management (IPM) techniques and the use of nanoparticles (NPs) have the potential to alleviate this
problem by increasing farmer acceptability and productivity. A potentially effective strategy to control
plant parasitic nematodes, protect agricultural productivity, and encourage sustainable farming practices
is the merging of IPM with NPs.

Keywords: Plant parasitic nematode, infestation, nature of damage, morphology, classification, area
distribution, apple orchard, pest status, India

1. Introduction

Nematodes are the most diverse and prolific creature category in the animal kingdom
(Jairajpuri and Rahaman, 2001) 34, They may be found in every nook and cranny of the world.
A well-known nematologist believes that if all substance on Earth is wiped out, save
nematodes, the planet will be recognizable by the film of nematodes seen on mountains, hills,
rivers, lakes, and seas (Cobb 1914) ?1, Nematodes are thread-like worms found in a wide
range of macrosystems, including soil and fresh water. These nematodes parasitize insects,
people, and animals, and they are extremely important to humans since they are responsible for
a variety of illnesses. Ascaris lumbricoides, for example, parasitizes and remains in the large
intestine of man for warmth, food, and shelter and is the world's second most contagious
organism, infecting about a quarter of the population (Ash et al. 1984) 61, whereas soil
nematodes play an important role at all trophic levels of the food web, regulating carbon and
nitrogen cycling in particular. Among all these the nematodes are also divided into vital role in
pest management as explained by Munje et al., (2022) % about the Entomopathogenic
Nematodes over other pest in agriculture.

These metazoans keep a watch on the microbial populations in charge. Soil nematodes are
thought to be a good indicator of soil health (Bongers and Ferris. 1999) [, Most soil
nematodes do not parasitize plants in the soil, but instead help in the breakdown of organic
compounds. These nematodes are also known as free-living nematodes and are helpful to the
soil on the other hand parasitic nematodes which are categorized on the basis on the mode of
eating habit and grouped into omnivores, bacterivores, predators, fungivores, omnivores and
herbivores (Yeates et al., 1993) [l Among these parasitic nematodes the plant parasitic
nematodes (PPN) are the most economically important to the plants. These are worms that live
in agricultural soils and Feed on plant components.

Plant-parasitic nematodes exist in a range of sizes and shapes that is are long and thin worm-
like animal, although mature organisms are sometimes bloated and possess lengths that vary
between 250 pm to 12 mm, with an average length of 1 mm and a width ranging from 15 to 35
um. The lifetime of a nematode can overwinter in any of its stages, including eggs, juveniles,
and adults (Kumar and Yadav. 2020) 6], Numerous phytonematodes feed on plant root hairs,
causing damage to the roots and reducing the plant's ability to absorb water and nutrients.
Nematodes harm plants in various ways, such as eating from outside or inside the roots,
causing dead tissue and swellings on the roots, stunted plant growth, different levels of
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yellowing, leaf drooping, and plant death. (Askary et al.
2012) 1,

The organic amendments have been widely used for
management of plant parasitic nematodes which encompasses
numerous members of the Tylenchida order, as well as a few
genera from the Aphelenchida and Dorylaimida orders
(Robert McSorley 2011) B4, Major harm caused to the
horticulture department by plant parasitic nematodes is annual
yield loss of 13.54%. Plant parasitic nematode management
is crucial for outstanding crop yields and quality, which may
be achieved through host resistance and worm population
suppression by physical, cultural, chemical, biological, and
integrative strategies. (Askary et al. 2012) . Although over
4,100 types of plant-parasitic roundworms have been
discovered, new varieties are continually being described
while others, previously viewed as harmless or non-
damaging, are becoming pests as agricultural patterns change.
Plant-parasitic roundworms cause significant harm to crops
and many species are carriers of soil-borne viruses. (Khan et
al 1997). The writer has collected data from 35 regions on
various produce such as corn, cotton, soy, groundnut, wheat,
paddy, sugarcane, millet, tobacco, assorted vegetable produce,
fruit and nut produce, and golf courses. The data was
presented methodically by region and includes the projected
loss, area of cultivation, source of data, nematode species or
classification where applicable, and produce value. The
principal Phytoparasitic nematode genera reported were
Heterodera, Hoplolaimus, Meloidogyne, Pratylenchus,
Rotylenchulus, and Xiphinema. (Koenning et al. (1999) 4,
Another author collected statistics from 35 territories on a
wide range of crops, including maize, cotton, soybean,
peanut, wheat, rice, sugarcane, sorghum, tobacco, various
vegetables, fruits, nuts, and golf greens.

The data is systematically organized by territory and includes
anticipated loss, cultivated land area, information source,
relevant nematode variety or group, and crop value. (Aioub et
al. 2022) ™M, Metalloids, metallic oxides, and nonmetals, as
well as synthetic NPs from plants, algae, fungus, bacteria, and
so on, have been examined for their efficacy against PPNSs.
NPs promote plant development because of their nano-size,
they enter the plant's system via ion channels and membrane
proteins. Nanotechnology benefits agriculture by increasing
crop yield while lowering input and labor expenses. (Khan et
al. 2021) 1, Tobacco mild green mosaic virus (TMGMV), a
pesticide sanctioned by the EPA, is being employed as a
vector to transport nematicides. (Chariou et al. 2017) 7],

1.1 Historical background of plant nematology

Nematodes, a group of roundworms, are believed to have
evolved from primitive life forms over 400 million years
before the "Cambrian explosion™ of fossilized invertebrates.
Some nematode groups, like ectoparasites found in
Chromadorea and Enoplea, have diverged so far back, over
550 million years ago, that accurately determining their age
becomes challenging (Poinar, 1983) [8l, Nematodes have
been around for approximately 100 million years, making
them one of the earliest and most diverse animal groups on
Earth. Their two lineages separated around 550 million years
ago, which adds complexity to dating them (Wang et al.,
1999) [,

Around 8,000 years ago, during the peak of agricultural
development, the rise of agricultural pests increased, and one
of the major culprits was the plant-parasitic nematode. The
first observations of nematodes were reported in 1743 when
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Nedham in England found them within wheat galls, and they
were named (Anguina tritici). In 1855, Berkeley recorded the
root-knot nematode (Meloidogyne spp.), adding to the
knowledge of these plant parasites. Plant nematology has
made significant progress since the beginning of the twentieth
century.

N. A. Cobb played a crucial role in advancing nematology.
His work in the United States, published in 1913, led to the
establishment and development of the well-known U.S.
Department of Agriculture's nematology research program. In
the  mid-1940s, compounds like dichloropropane-
dichloropropene and ethylene dibromide were identified for
their effective nematode-killing characteristics. These
compounds were relatively inexpensive and didn't require a
soil seal, but they were harmful to both humans and plants.
Christie and Perry in Florida further explored nematode
management strategies, demonstrating that some nematodes
could attack plants as ectoparasites using certain materials. In
1961, the Society of Nematologists was founded in the United
States, reflecting the growing interest in the field.
Nematologica, the first magazine dedicated to plant
nematology studies, started publication in 1956 (Jenkins and
Taylor, 1968) [,

In 1943, the DD mixture, a combination of dichloropropane
and dichloropropene, was discovered and tested on potatoes
and other crops. It showed promising results as a nematicide
for potato cultivation and other crops (Carter, 1943) 161,

1.2 Plant and parasitic interaction

Nematodes devour various plant components, including roots,
stems, leaves, flowers, and seeds. They use a customized
spear called a stylet, whose dimensions and shape help
classify nematodes and anticipate their feeding technique. The
ability of a parasite to infect and a host's ability to resist
infection are both heritable features (Briggs et al., 1994) [14],
Phytophagous nematodes can cause significant damage to a
wide range of cultivated plants, leading to billions of dollars
in agricultural losses every year. The families Heterodera,
Globodera, and Meloidogyne are the most economically
significant nematodes, as they solely consume the cytoplasm
of living plant cells. After three molts, these nematodes
mature into pear-shaped, egg-laying females and consume the
cytoplasm of plant-derived large cells using their stylets. They
induce the formation of giant cells and syncytia, diverting
plant resources to the parasitic nematodes (Williamson et al.,
2003) 4. In nature, hosts and parasites co-evolve,
accumulating genes for coexistence, and these genes likely
play a role during both offensive and defensive interactions.
The host-nematode interaction involves the ongoing conflict
between plants and diseases throughout their co-evolution.
Such interactions can be quite complex. Plants have evolved
diverse defence mechanisms against infections, while
phytophagous worms have developed complex offensive
methods to parasitize plants (Zacheo et al., 1995) 8],
Phytophagous nematodes often act as carriers of plant-
pathogenic viruses, bacteria, or, in exceptional cases,
detrimental fungi. They can predispose hosts to plant diseases
or influence the expression of host resistance by modifying
host composition. Nematodes may influence plant defense
mechanisms through changes in nutritional status and the
induction or suppression of host toxins, antifungal
compounds, and growth regulators (Riedel et al., 1988) [61,
Phytophagous nematodes interact with their hosts in various
ways. Based on the plant materials they feed on, they are
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classified as ectoparasites or endoparasites. Some
phytophagous nematodes move from the soil to plant tissues,
while others remain sedentary, with adult females clinging to
the plant's roots. Sedentary endoparasites feed using
specialized cells found around the female's head. Most PPN
species possess a needle-like protruding mouth feature called
a stylet, which aids in puncturing host plant tissues. They
secrete enzymes into the tissues to partially break down plant
cells for easy digestion by the worm's intestine (Pulavarty et
al., 2021) 159,

Nematodes evaluate host exudate components and direct their
migration to the infection site. Host plants detect approaching
nematodes through chemicals emitted by the worms and
mount a defensive reaction. In turn, nematodes have evolved
various strategies to combat plant defenses (Siddique et al.,
2022)."

2.1 Nematodes in rosaecous fruits

2.2 Apple (Malus sp)

Apples are widely grown deciduous tree fruits, propagated by
budding or grafting the preferred scion onto seedling
rootstocks in nurseries. They are the most significant fruit
crop globally, with millions of tons produced each year
(Elhadi M. Yahia, 2010) 1. Apples are rich in dietary fibre,
antioxidants, and vitamins, including A, C, and E, as well as
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minerals like potassium and manganese (Boyer et al., 2004)
[12]

Phytophagous nematodes infest apple roots, introducing
diseases contracted in the nursery into orchards. Nematodes
like Paratylenchus, Meloidogyne, Pratylenchus, Xiphinema,
and Longidorus are economically significant, negatively
impacting plant development and production (McElory, 1972)
159, In various regions, specific nematode species have been
reported in apple roots, such as Heliocotylenchus indicus,
Paratylenchus spp., and Tylenchus indicus in Kashmir
(Askary et al., 2013) [l and Xiphinema americanum,
Hoplolaimus galeatus, Pratylenchus penetrans,
Tylenchorhynchus species, Helicotylenchus species, and
Paratylenchus species in Minnesota, USA (Wallace et al.,
1979) [,

In Pakistan, the impact of soil temperature and moisture on
nematode population density was studied in a Swat-based
apple plantation (Khan et al., 1997) ®. A dynamic plant
absorption model combined with a soil water model was used
in an apple orchard field experiment to replicate pesticide
concentrations in soil and various plant compartments.

Apples are cultivated in Himachal Pradesh, Jammu &
Kashmir, and Uttar Pradesh in India, while South Africa and
Morocco are major apple-producing countries (Childers et al.,
1995) [201,

Table 1: Reports of plant parasitic nematodes from apple tress of different regions

Plant parasitic nematodes

Reference Location

Pratylenchus spp.

de Ramos et al. (2022) %3] South Brazil

Pratylenchus sp

lon et al. (2022) 10U Republic Moldova, Europe

Tylenchus filiformis

Karakas et al. (2021) 7] Bingol province, Turkey

Pratylenchus hippeastri Knoetze et al. (2019) 43 South Africa
Pratylenchus vulnus Meloidogyne arenaria Hammas et al. (2018) [18] Tunisia
Tylenchorhynchus Singh et al. (2018) [¢8l Shimla, Himanchal Pradesh
Pratylenchus spp. Belair et al. (2018) [19 Canada
Pratylenchus hippeastri Wang et al. (2016) ["8] China

Pratylenchus coffeae

Sharma et al. (2015) (64 Himachal Pradesh, India

Helicotylenchus indicus

Askary et al. (2013) [ Kashmir, India

Xiphinema americanum

Khan et al. (2013) 9 Balochistan, Pakistan

Pratylenchus penetrans Meloidogyne incognita Mazzola et al. (2009) [*2 USA
Ditylenchus dipsaci Liskova et al. (2007) 48] Slovakia
Aglenchus siddique Islam et al. (2006) [32 Pakistan
Tylenchorhynchus simil Karanastasi et al. (2006) [3¢] Greece

Pratylenchus Paratylenchus Hoplolaimus

Zaki et al. (2003) [59] Kashmir, India

Pratylenchus scribneri

Minagawa et al. (1990) [ Uruguay, south America

Helicotylenchus pseudorobustus Xiphinema rivesi

Islam et al. (1996) [32 Swat, Pakistan

Helicotylenchus pseudorobustus

Khan et al. (1997) 41 Swat, Pakistan

Helicotylenchus harzatbalensis

Fotedar and Handoo (1974) [#7]

Srinagar, Kashmir India

Source

2.3 Pear (Pyrus communis)

Pear is a highly valuable fruit tree species cultivated
commercially across temperate regions due to its adaptability
and widespread appeal. The propagation process involves
grafting the desired pear scion onto a compatible rootstock in
nursery settings, allowing for successful growth and
development.

The presence and distribution of nematodes in pear orchards
have been the subject of several scientific studies. In pear
orchards located in the Eastern and Western Cape regions,
Helicotylenchus dihystera and Scutellonema brachyurum
were identified as the most prevalent spiral nematodes,
suggesting their potential impact on pear crops in those
regions (Swart et al., 1984) [72,

In Turkey, researchers undertook a taxonomic study of plant-
parasitic nematodes belonging to the Tylenchida order in pear
orchards during the summer months. Understanding the
taxonomy of nematode species in these orchards is essential
for assessing potential pest threats and implementing effective
management strategies (Evlice et al., 2008) 1251,

Similarly, in the Kashmir valley, investigations revealed that
Meloidogyne hapla and Longidorus spp. were the most
commonly observed phytophagous nematodes in the
rhizosphere of pear trees. The presence of these nematodes
could have implications for the health and productivity of
pear crops in the region, necessitating monitoring and control
measures (Askary et al., 2013) P,
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Table 2: Plant parasitic nematodes diversity on pear (Pyrus communis)

Plant parasitic nematodes Reference Location
Meloidogyne halpa Askary et al. (2013) M Kashmir, India
Tylenchida sp. Evlice et al. (2008) [2°] Turkey
Trichodorus nanjingensis Lirong et al. (2005) [*7] China
T. rinae Lirong et al. (2005) [*7] China
T. cedarus Lirong et al. (2005) [*7] China
Paratrichodorus porosus Lirong et al. (2005) 471 China
Crossonema spinosus Singh and Khan (1998) [ Nagaland, India
Pratylenchus penetrans Wehunt and Golden (1982) [#2 Europe
Longidorus elongates Wehunt and Golden (1982) [#2 Europe
Meloidogyne hapla Wehunt and Golden (1982) [¢2 Japan
M. incognita Wehunt and Golden (1982) 82 Japan
Pratylenchus vulnus Siddiqui et al. (1973) 4 Western United States
Xiphinema basiri Yadav and Varma (1967) 102 India
Tylenchulus prunii Gupta and Uma (1981) [ Srinagar, India

2.4 Peach (Prunus persica)

Peach (Prunus persica) is an economically important
deciduous tree cultivated through budding or grafting onto
suitable rootstocks. However, peach trees are susceptible to a
disease called leaf curl, which can partially defoliate the tree.
In 2020, the global production of peaches reached 24.6
million tons, with China leading the way by contributing 61%
of the world's total production.

In the peach orchards of Florida, the most significant
nematode genera or species in the soil were identified as
Meloidogyne spp., Criconemoides spp., and Xiphinema
americanum. Among these, the root-knot nematode,
Meloidogyne spp., exhibited the highest occurrence rate
(54.9%) of the overall parasitic nematode population during
the summer season, followed by Criconemoides spp. (38.6%),
while the lowest proportion was attributed to the dagger
nematode (6.5%) (Sweelam et al., 2021) [,

A study conducted in peach orchards in southern Illinois
focused on the incidence, location, and impact of plant-
parasitic nematodes. The populations of Mesocriconema,
Pratylenchus, and Xiphinema were found to potentially impair

peach output in this region (Walters et al., 2008) [,

Similarly, an assessment of peach orchards in South Australia
revealed the most prevalent nematodes, listed by frequency of
occurrence, including Tylenchorhynchus species,
Paratrichodorus minor, Paratylenchus species, Meloidogyne

species, Pratylenchus minyus, Xiphinema americanum,
Criconemoides xenoplax, T. lobatus, P. vulnus, and
Helicotylenchus  species. Notably, Meloidogyne and

Pratylenchus vulnus were identified as the most harmful
nematodes affecting peaches (Stirling et al., 1975) [, In
orchards of various fruit species, including peach, parasitic
nematodes from genera such as Helicotylenchus and
Hoplolaimus were found in the soil (Yadav et al., 1970) (%],
According to a recent study, non-fumigant nematodes can
only provide a short-term solution for controlling
phytophagous nematodes in peach orchards (Khanal et al.,
2022) 2, Furthermore, organic amendments in the form of
Cannabis sativa and Azadirachta indica have shown potential
as nematicides, effectively reducing root-knot nematodes in
peach trees without causing environmental pollution (Saeed et
al., 2021) 162,

Table 3: Plant parasitic nematodes in peach (Prunus persica)

Plant parasitic nematodes

References

Location

Paratylenchus sp.

Zang et al. (2022) 7]

Nyingchi and Qamdo

Meloidogyne spp

Sweelam et al. (2021) [

Barcelona, Spain

Meloidogyne morocciensis

Silva et al. (2020) [67]

Southern Brazil

Meloidogyne spp. And Mesocriconema spp.

Souza et al. (2019) [%9

Brazil

Meloidogyne floridensis

Reighard et al. (2019) [¢%

Florida

Pratylenchus vulnus

Calvet et al. (2008) [*°]

Ankara district, Turkey

Pratylenchoides alkani Yuksel

Evlice and Okten (2008) [

Eastern and Western Cape

Paratylenchus and Xiphinema

Swart and Hugo (1984) [

Nyingchi and Qamdo

Paratylenchus projectus

Niblack et al. (1985) (%3

Tennessee, United states.

Aglenchus mukii

Phukan and Sanwal (1980) [

Assam, India

Tylenchorhynchus spp

Stirling et al. (1975) [

South Australia

Heliocotylenchus kashmirensis

Fotedar and Handoo (1974) [#7]

Srinagar, India

Xiphinema americanum

Wehunt and good (1975) (81

USA

Paratylenchus hamatus

Ferris et al. (1976) [2°]

San Jaoquin valley, CA

Meliodogyne spp.

Stirling et al. (1979) ['4

South Australia

Paratylenchus sp.

James B. Kotcon

California

Criconema serratum

Khan and Siddiqui (1941) 24

Almora, India

Tylenchulus prunii

Gupta and Uma (1981) [

Srinagar, India

2.5 Almond (Prunus amygdalus)

Almond (Prunus dulcis) is believed to have originated in the
Mediterranean region and is cultivated in temperate regions
across Europe, Asia, and America. It belongs to the
Amygdalus subgenus within the Prunus genus, which is part

of the Rosaceae family. Recent research has highlighted the
presence of a diverse range of phenolic and polyphenolic
compounds in almonds, contributing to their nutritional value.
The fruit of the almond, like other species in the Prunus
genus, is classified as a drupe, where the mature seed is
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enclosed within a stony endocarp. Almonds require relatively
warm and dry weather during the fruit's ripening process for
optimal development (Martinez-Gomez et al., 2007) 4,

As with other stone fruits, almond trees are susceptible to
infestation by various plant-parasitic nematode species.

https://www.thepharmajournal.com

Among them, Pratylenchus vulnus and Meloidogyne sp. are

the

primary nematodes associated with almond crops,

potentially causing economic losses and reducing overall
yield.

Table 4: Plant parasitic nematodes diversity on Almond (Prunus amygdalus)

Plant parasitic nematodes Reference Location
Scutylenchus rugosus M Aminisarteshnizi (2022) 4 Iran
Meloidogyne spp. Siddique et al. (2019) [100 Globally
Pratylenchus vulnus Duncan et al. (2017) 24 Globally
Hirschmanniella spp. Sikora et al. (2017) [58] Globally
Xiphinema spp. Inserra et al. (2005) [ Florida
Tylenchulus semipenetrans Nyczepir et al. (2005) [ Gorgeia
Helicotylenchus spp. Vovlas et al. (2005) 4 Sicily
Haplolaimus spp. Pinkerton et al. (2012) [5° California U.S.A
Pratylenchus Thornei Westphal et al. (2016) [ Globally
Ditylenchus dipsaci Arocha et al. (2017) [ Mediterranean countries
Scutylenchus rugosus Mehrnoush Aminisarteshniz (2022) 12 Central part of Iran
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