
Saudi Journal of Biological Sciences 29 (2022) 2047–2055
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Review
Biological control: An effective approach against nematodes using black
pepper plants (Piper nigrum L.)
https://doi.org/10.1016/j.sjbs.2022.01.004
1319-562X/� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: AMMousttafa@agri.zu.edu.eg (A.M. Saad).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Ahmed M. Saad a,⇑, Heba M. Salemb, Amira M. El-Tahan c, Mohamed T. El-Saadony d, Saqer S. Alotaibi e,
Ahmed M. El-Shehawi f, Taia A. Abd El-Mageed g, Ayman E. Taha h, Mohammed A. Alkahtani i,
Ahmed Ezzat Ahmed i,j, Ayman A. Swelumk,l

aBiochemistry Department, Faculty of Agriculture, Zagazig University, Zagazig 44511, Egypt
bDepartment of Poultry Diseases, Faculty of Veterinary Medicine, Cairo University, 12211 Giza, Egypt
cPlant Production Department, Arid Lands Cultivation Research Institute, The City of Scientific, Research and Technological Applications, SRTA-City. Borg El Arab, Alexandria, Egypt
dDepartment of Agricultural Microbiology, Faculty of Agriculture, Zagazig University, Zagazig 4451, Egypt
eDepartment of Biotechnology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia
fDepartment of Biotechnology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia
g Soil and Water Department, Faculty of Agriculture, Fayoum University, Fayoum 63514, Egypt
hDepartment of Animal Husbandry and Animal Wealth Development, Faculty of Veterinary Medicine, Alexandria University, Edfina 22758, Egypt
iBiology Department, College of Science, King Khalid University, 61413 Abha, Saudi Arabia
jDepartment of Theriogenology, Faculty of Veterinary Medicine, South Valley University, 83523 Qena, Egypt
kDepartment of Animal Production, College of Food and Agriculture Sciences, King Saud University, PO Box 2460, Riyadh 11451, Saudi Arabia
lDepartment of Theriogenology, Faculty of Veterinary Medicine, Zagazig University, Sharkia 44519, Egypt
a r t i c l e i n f o

Article history:
Received 29 October 2021
Revised 5 December 2021
Accepted 2 January 2022
Available online 6 January 2022

Keywords:
Biological control
Parasitic nematodes
Piper nigrum
Yield
Meloidogyne incognita
a b s t r a c t

Black pepper (Piper nigrum L.) is one of the oldest spices in the world, additionally, it is highly demanded.
Several biotic and abiotic variables pose black pepper production worldwide. Plant-parasitic nematodes
play a key role among biotic factors, causing considerable economic losses and affecting the production.
Different synthetic nematicides were used for controlling plant nematodes, however the majority of pes-
ticides have been pulled from the market due to substantial non-target effects and environmental risks.
As a result, the search for alternative eco-friendly agents for controlling plant-parasitic nematodes pop-
ulations. Microbial agents are a precious option. In this review the bacterial and fungal agents used as an
alternative nematicides, they were studied and confirmed as essential anti-microbial agents against plant
nematodes which infected Piper nigrum L. This work examines the most common plant nematodes
infected Piper nigrum L., with a focus on root knot and burrowing nematodes, in addition, how to control
plant parasitic nematodes using microorganisms.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Black pepper (Piper nigrum L.) is an Indian origin. It is grown on
an estimated 1,37,378 ha in India, with an evaluated yield produc-
tion of 61,000 tons in 2019–2020 (Subha and Balamurugan, 2020).
Karnataka produces the majority of pepper in India, which has
been evaluated to deliver about 30 thousand metric tons of pepper
de’s genera and number of species that badly affect black pepper crops.

era Number of species

ysiella 1
ina 8
smatylenchus 1
lenchoides 12
lenchus 1
nolaimus 2
enchus 3
aphelenchus 4
odera 3
lenchus 8
hodorus 1
odera 3
otylenchus 7
icriconemoides 3
icycliophora 3
rodera 25
hmanniella 5
olaimus 5
ra 3
idorus 10
roposthonia 2
idogyne 38
inius 3
bbus 1
olichodorus 2
longidorus 2
trichodorus 11
tylenchus 3
ylenchus 24
todera 3
isulcius 3
pholus 5
lenchulus 3
lenchus 1
ellonema 5
eronema 1
nguina 3
odorus 5
chorhynchus 8
chulus 2
tidera 1
inema 15
tylenchus 1
ysiella 1
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annually. It was expected that the perennial woody vine of pepper
is going to grow in about 40 ha of land (Statista, 2021). Many fac-
tors were affected the black pepper crop for several years
(Karmawati et al., 2020). One of the most earnest restrictions is
parasitic nematodes, which cause massive yield losses and lower
productivity as a result of biotc and abiotic stressors such as in
(Desoky et al., 2020a). Burrowing nematode, Radopholus similis and
Root knot nematode,Meloidogyne incognita are the most common
plant parasitic nematodes infesting black pepper crops (Gómez-
Rodríguez et al., 2017; Pervez, 2018). Table 1 presented 250 species
from 43 genera that meet one or more of the criteria for being clas-
sified as a phytosanitary risk. The majority of these species affected
the economically important crops, and the others were vectors for
viruses (Singh et al., 2013).
2. Plant parasitic nematodes in black pepper

Black pepper was infected with plant 29 genera and 48 spp, of
parasitic nematodes. Seventeen genera have been linked to the
crop thus far. Meloidogyne incognita, Rhadopholus similis, and Holi-
cotylenchus spp. usually infest black pepper in Kerala (Subila and
Suseela Bhai, 2020) M. incognita is the most prevalent species.
Trophotylenchulus piperis also attack black pepper (Ravindra et al,
2015). Meloidogyne piperi sp. is a new species of root-knot nema-
tode discovered in the roots of Piper nigrum growing in Kerala,
India, has been described and illustrated (Nisha et al., 2019). The
varities, Radopholus similis, Meloidogyne incognita, and Trophoty-
lenchulus piperis attack the roots of Piper nigrum. In Vietnam, 35
plant-parasitic nematodes from 19 sp. and 11 families hurt pepper
plants (Thuy et al., 2012). Meloidogyne spp., Tylenchus sp., Roty-
lenchulus reniformis, Ditylenchus ausafi, and Aphelenchus avenae
are five plant-parasitic nematodes found in all provinces studied.
Meloidogyne spp, were the common taxon found, and all Meloidog-
yne were recognized as M. incognita. In Brazil, the check results
revealed thatMeloidogyne arenaria, M. incognita, M. javanica, Hoplo-
laimus seinhorsti, and Xiphinema ifacolum affect the growth of black
pepper. Plant height and root development were both lowered by
all nematode species, where the leaves of stunted plants attacked
with H. seinhorsti and M. incognita revealed yellow color (De
Souza et al, 2021). Additionally, Criconemoides sp., Xiphinema sp.
Aphelenchus sp., Longidorus sp., Trophotylenchulus piperis, Radopho-
lus similis, Hoplolaimus sp., Meloidogyne incognita, Pratylenchus sp.,
Scutellonema sp., Helicotylenchus sp. Rotylenchulus reniformis, Tylen-
chorhynchus sp., and Acontylus sp. (Ramana et al., 1994). The grad-
ual wilt/yellows disease in the black pepper is caused by M.
incognita and R. similis (Brooks, 2021). The slow decline infection
in black pepper is induced by M. incognita, Phytophthora capsica,
and R. similis, revealing feeder root damage. Generally the bad
effects of nematodes were briefed in Fig. 2.
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2.1. Root knot nematode

Meloidogyne incognita (Kofoid and White) Chitwood, a root-knot
nematode (RKN), is one of the highly persistent pests because of its
damage-revealing potential (Ravindra et al., 2014) see Fig. 2, the
infection levels exceed to 90% in Brazil and India.Meloidogyne spp.
has been implicated in the decreased unprofitable development of
black pepper in India (Narayana et al., 2018), Malaysia (Leong et al.,
2021), and Brazil (De Souza et al., 2021). Under potts conditions,
ten juveniles per plant can reduce black pepper growth by 16%.
The root-knot nematode is an obligatory endoparasite that lives
entirely within the roots of plants. The RKN causes ‘‘giant cells”
bloating in the vascular tissues after entering the plant roots
(Jones and Goto, 2011). The root-knot nematode’s feeding disrupts
water and nutrients intake via plant roots, while the gigantic cells
are metabolic active cells which consider as feed sinks to meet the
nematode females’ rising nutritional demands for reproduction
(Mhatre et al., 2015). The yellowing and wilt disease that affects
pepper plants is caused byM. incognita. Wilting appears 2-3
months after a severe infection in conditions of sunny, warm,
and dry weather (Shahnazi et al., 2012).
2.2. Burrowing nematode

Radopholus similis (Cobb) Thorne, a burrowing nematode, found
to be infesting over 300 plant species (Sathyan et al, 2020). Via the
host variable analysis using multiple Citrus sp. and cytological
research in India, proved that R. similis infected black pepper was
known as the ‘banana race’ (Ramana, 1992). R. similis population
increase in black pepper gardens throughout the year except in
the summer, when they are estimated to be more than 250 nema-
todes/gram of roots. The nematode growth population begins in
June/July and reached the peak in September/October. R. similis
prefers black pepper to white pepper as a host of R. similis. Yellow-
ing symptoms, root necrosis, and canopy dieback are all signs of
burrowing nematode infestation in pepper crops (Kumar et al.,
2018).
3. Impact of plant parasitic nematodes

Plant-parasitic nematodes posed 15% of annual crop yield esti-
mating losses of 100–157 billion USD all over the world (Abd-
Elgawad and Askary, 2015; Phani et al., 2021). Due to the compli-
cated relationship between plants, nematodes, soil organisms and
soils, yield loss data is difficult to acquire (Coyne and Plowright,
2000). Several biotic and abiotic stressors are threatening black
pepper production (Thangaselvabal et al., 2008; Negi et al, 2021).
Plant parasitic nematodes are one of the principal limiting factors
among the biotic stressors, causing yield losses of up to 15–35%
(Abd-Elgawad and Askary, 2015). Nematodes have been identified
as a primary cause of early decrease in black pepper output (Thuy
et al, 2012). Slow wilt is thought to be caused by a combination of
nematode fungal infection and nutritional inadequacy in many
pepper growing areas (Naik et al, 2017). M. incognita and R. similis
produced considerable reductions in black pepper growth and pro-
ductivity in pathogenicity experiments conducted under simulated
field conditions (Mohandas and Ramana, 1991). Nematode feeding
combined by secondary diseases such as fungus and bacteria, in
addition to direct feeding andmigratory harm (Mitiku, 2018). More
crucially, just 0.2% of the infested crops were used to fund nemato-
logical research to remedy these losses (Pervez and Eapen, 2015).
The root-knot nematode’s relationship with black pepper vines
was first observed in 1906 (Butler, 1906), followed by the fungus
Fusarium sp. connected with the ’wilt sickness’ (Krishna Menon,
1949). Considerable decline infection was thought to be caused
2049
by a combination of worm and fungus disease, as well as nutrients
deficiencies (Abd-Elgawad and Askary, 2018). Both organisms had
a synergistic pathogenic effect on plants, causing the plants wilt-
ing, and the presence of an initial nematode infection increased
the growth inhibition. The decline in black pepper yield is not only
due to nematodes or fungi, but also the synergy of nematodes and
fungi causes a massive decrease in pepper yield (Ramana et al.,
1992; Usman et al, 2020).
4. Biological control of nematodes in black pepper

Because nematodes primarily block the soil and attack the
plants’ roots, nematode treatment is more complex than other
pests (Mian, 1998). Chemical nematocidies have been used to con-
trol plant parasitic nematodes for decades, but they are progres-
sively being re-evaluated due to health and environmental
concerns, as well as restricted availability in developing countries.
Various studies demonstrated several techniques i.e., convential
breeding for black pepper (Hassanin et al., 2020),eco-friendly nat-
ural compounds which may have nematocidial activity among
these compounds are bioactive peptides (Saad et al, 2020a; El-
Saadony et al, 2021a,b; Saad et al, 2021a), polyphenolic extracts
(Saad et al., 2020b; Saad et al, 2021b,c), essential oils (El-Tarabily
et al, 2021; Abd El-Hack et al., 2022; Alagawany et al., 2021), and
nanomaterials (Saad et al, 2021d; El-Ashry et al, 2022; El-
Saadony et al, 2021c), additionally microbial control is a safe and
an effective attitude in controlling parasitic nematodes (Dong
and Zhang, 2006; Mukhtar and Pervaz, 2003). Biological control
is a cost-effective and environmentally acceptable alternative to
chemical control for worm management, as well as a safer crop
protection technique to combat nematode stress (Mhatre et al.,
2019). When considering the microbial-based efficacy inside a sup-
pressive soil, the effectiveness of pathogens, endophytes, and
opportunities for biological management of Meloidogyne spp and
other stressors, is high (Desoky et al., 2020b; Hallmann et al.,
2009). Therefore, the use of these natural practices is safer,
environmentally friendly, and more effective than chemical formu-
lations and limits the spread of diseases (El-Saadony et al., 2020;
Swelum et al., 2020). Many studies have shown that numerous cul-
turable microorganisms, such as bacteria and fungi, can be used as
biocontrol agents against plant parasitic nematodes in a variety of
crops (Mukhtar et al., 2013; Rahanandeh et al., 2012). Table 2,
Figs. 1 and 2 showed recent brief about microbial control of nema-
todes and their mechanisms of action.

4.1. Fungus

Nematopathogenic fungi are carnivorous fungi, which trap ver-
miform nematodes with their spores, mycelial structures or hyphal
tips to parasitize nematode cysts and eggs or create toxins to
assault nematodes (Khan and Haque, 2011). More than 200 fungus
species from six different classes have been found to parasitize
nematode eggs, juveniles, adults, and cysts (Mukhtar et al., 2013).

4.1.1. Paecliomyces lilacinus
Paecilomyces lilacinus (Thorn.) Samson, a soil-dwelling hypomy-

cetes is potent against root-knot nematodes recently, it has piqued
the interest of different scientists because of its effectiveness in
controlling phytonematode propagations. It has been discovered
in most agricultural soils with repeated occurrence in the tropics
and subtropics (Chen et al., 1996). Ten local strains of Paecilomyces
lilacinus (PL) obtained from two extensively infested root-knot
nematode-infested black pepper plantations (Pau et al., 2012), col-
onized female nematodes to varied degrees. Two indigenous
strains out of ten showed highly substantial colonization (90%)



Table 2
Microbial control of black pepper parasite nematodes.

Microorganisms Mode of action References

Fungi Paecliomyces lilacinus extensively infested root-knot nematode-infested black
pepper plantations where colonised 90% of female nematodes,
inhibited egg hatching kept in spore suspension

Ahmad et al., 2019; Sivakumar et al.,
2020; Youssef et al., 2020

Pochonia halamydosporia reduced the eggs hatching of RKN by 41.4% in five days,
indicating that it could be used to manage root knot
nematodes in spice crops

Ghahremani et al., 2019; Manzanilla-
López et al., 2017

Arthrobotrys oligospora The fungal activity in the soil lead to a drop in nematodes
count, minimizing the nematode’s destruction

Liu et al., 2021; Soliman et al., 2021

Vesicular Arbuscular Mycorrhizae (VAM) Pre-inoculating pepper vines with VAMwill help to reduce the
severity of M. incognita root infestation. Glomus fasciculatum
had a reduction in root-knot index of 32.4%, whereas Glomus
etunicalum had a reduction of 36%. In black pepper plants

Bhale et al., 2018; da Silva Campos, 2020;
Nair et al., 2022; Vallejos-Torres et al.,
2021

Bacteria Bacillus subtilis revealed the strongest inhibition on root knot nematode egg
hatching by 92% where, Chitinase and protease were found to
be highly linked to egg hatching suppression, while natural
chemicals with thermal stability were recently identified to be
important in killing J2 nematodes

Cao et al., 2019; Mazzuchelli et al., 2020

Bacillus thuringiensis Freshly born 2nd stage juveniles (J2) of Meloidogyne javanica
were killed by B. thuringiensis culture by 80%

Leong et al., 2021; Sidhu, 2018; Khanh,
2020

Pasteuria spp One of the most promising bacterial biocontrol agents for
many worm species because they can totally limit nematode
reproduction by functioning as an ovarian parasite. It is found
to be specific to M. incognita from completed its life cycle

Öztürk et al., 2020; Perrine-Walker and
Le, 2021; Sidhu et al., 2021

Bacteria Pseudomonas fluorescens is attributed to bind the root surface with carbohydrate and
lectin, competing with the host, made it a promising
biocontrol agent against root knot nematode

Senthilkumar and Ananthan, 2018;
Sharma et al., 2021; Azam et al., 2018

Entophytic
bacteria

Serratia spp. reduced nematode populations in soil by over 70% while
simultaneously producing over 65% nematode-free plantlets

Daulagala, 2021; Maulidia et al., 2020;
Nguyen et al., 2021; Tran et al., 2019;
Maris et al., 2020; Munif et al., 2020

Pseudomonads spp.
Arthrobacter spp
Curtobacterium spp.
Micrococcus spp.
Bacillus spp.

Fig. 1. Effect of rhizosphere biocontrol against RKN.

A.M. Saad, H.M. Salem, A.M. El-Tahan et al. Saudi Journal of Biological Sciences 29 (2022) 2047–2055
on RKN females and dramatically inhibited egg hatching kept in
spore suspension. Paecilomyces did not entirely suppress nema-
todes, but it can reduce nematode infection and enhance root mass
in black pepper (Hano and Khan, 2016). The fungus was more
effective On Meloidogyne incognita than Rhadopholus similis. The
low values of Root Knot Index (RKI) in plants treated with P. lilac-
inus, while M. incognita was attributed to the specificity of P. lilac-
inus parasites RKN eggs. In pots under greenhouse conditions, the
potency of P. lilacinus to overcome of M. incognita on black pepper
was investigated. In the treatment of RKN in black pepper, P. lilac-
2050
inus was more effective than P. penetrans, although the usage of
both species together was beneficial (Sosamma and Koshy, 1997).

4.1.2. Pochonia chalamydosporia
Pochonia chlamydosporia (Goddard) (Verticillium chlamydospo-

rium) was reported as a parasite of nematode eggs in 1974. For
the first time (Sreeja et al., 1996), Verticillium chlamydosporium
was isolated and identified from infected black pepper by a
semi-endoparasitic nematode. In an in vitro experiment, the fun-
gus reduced the eggs hatching of RKN by 41.4% in five days, indi-



Fig. 2. RKN Infection and the benefit of biocontrol.
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cating that it could be used to manage root knot nematodes in
spice crops. Owing to the mass population, saprophytic character,
and durability of chlamydospores, only Pochonia chlamydosporia
demonstrated valuable control of root knot nematodes attacking
black pepper (Eapen et al., 2009). Organic soils have proven to be
a better substrate for P. chlamydosporia growth than mineral soils
(Kerry et al., 1993). It was discovered that the tritrophic relation-
ship between root-knot nematodes, P. chlamydosporia, and the host
plant is complex (Kerry, 2001).
4.1.3. Arthrobotrys oligospora
Arthrobotrys oligospora is a species of Arthrobotrys. The widely

isolated and the most ubiquitous nematode-catching fungus in
the environment, the first reported nematode trapping fungus
(Farrell et al., 2006; Jaffee, 2004; Wachira et al., 2009). Arthrobotrys
(53 sp.), Dactylellina (28 sp.), and Drechslerella are the three pri-
mary genus of nematophagous fungi (14 sp.). The fungal activity
in the soil lead to a drop in nematodes count, minimizing the
nematode’s distruction (Jaffee et al., 1996). They are made up of
about 200 species of taxonomically varied fungi that all have the
potential to feed on living nematodes (juveniles, adults, and eggs)
and use them as nutrients (Nordbring-Hertz et al., 2006). Three
strains of nematophagous fungus Arthrobotrys oligospora were iso-
lated from sixty coffee and pepper planted soil samples have multi-
trap effect for different nematode sp., especiallyMeloidogyne incog-
nita and Pratylenchus coffea, which harmed pepper and coffee in
Vietnam (Hiep et al., 2019).
4.1.4. Vesicular arbuscular mycorrhizae (VAM)
VAM’s contribution to minimizing the damaging effects of root

invasion by several parasitic nematodes in crop plants is now
widely acknowledged. Four kinds of vesicular arbuscular mycor-
rhizae were equally potent as phorate in controlling worm infec-
tions in black pepper. Pre-inoculating pepper vines with VAM
will help to reduce the severity ofM. incognita root infestation. Glo-
mus fasciculatum had a reduction in root-knot index of 32.4%,
whereas Glomus etunicalum had a reduction of 36%. In black pepper
plants, the highest plant development was recorded in the shape of
vine length, nodes numbers, existing leaves number, shoot and
root weight in plants, which received only AMF (Koshy et al.,
2003). The multiplication of burrowing and root knot nematodes
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was decreased when AMF was administered prior to nematode
inoculation, lowering root-knot indices and the root-lesion indices.

4.2. Bacteria

Host-plant tissues, soil and nematodes, as well as their eggs and
cysts, have all yielded a range of nematopathogenic bacterial
groupings (Tian et al., 2007). To manage populations of plant par-
asite nematodes in natural conditions, they build a net with intri-
cate interactions between the environment, bacteria, nematodes
and plants (Tian et al., 2007; Rahanandeh et al., 2012).

4.2.1. Bacillus subtilis
Bacillus subtilis (Ehrenberg) Cohn is useful in increasing plant

vigour while also being toxic to plant diseases and nematodes.
Active nematocidal rhizobacteria, Bacillus subtilis strain (RB.
DL.28) was isolated from black pepper roots in Vietnam, revealed
the strongest inhibition on root knot nematode egg hatching with
82% (Nguyen et al., 2019). Chitinase and protease were found to be
highly linked to egg hatching suppression, while natural chemicals
with thermal stability were recently identified to be important in
killing J2 nematodes. Prophylactic application of B. subtilis, P. fluo-
rescens, T. viride, and AMF resulted in a soil environment capable of
suppressing nematode population formation in the soil and roots
of Piper longum, as well as keeping infection at a lower level. P.
longum treated with B. subtilis showed the greatest reduction in
root knot index (Subhagan, 2008). additionaly, Bacillus thuringiensis
Berliner (Bt)had nematicidal effects for insect management (Brar
et al., 2006), also, it examined against commercially important
phyto parasitic nematodes (El-Sherif et al., 2007; Khan et al.,
2010; Mohammed et al., 2008). Freshly born 2nd stage juveniles
(J2) of Meloidogyne javanica were killed by B. thuringiensis culture
(Carneiro et al., 1998). After in vitro treatment with Bt was reduced
the nematodes population with 80% (Mozgovaya et al., 2002). Pas-
teuria is a Gram positive, endospore forming bacterial parasite of a
high range of invertebrates that was first discovered parasitizing
Daphnia spp., a type of water flea. Pasteuria parasitizes plant para-
sitic nematodes in six species (Mohan et al., 2012) and one para-
sitizes bacterivorous nematodes in one species (Mohan et al.,
2012). Pasteuria spp. are one of the most promising bacterial bio-
control agents for many worm species because they can totally
limit nematode reproduction by functioning as an ovarian parasite
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(Perrine-Walker and Le, 2021). Black pepper is a perennial crop
that has been reported to be an excellent host for P. penetrans on
M. incognita (Sosamma and Koshy, 1997). Under greenhouse condi-
tions, the efficiency of P. penetrans in controlling RKN in black pep-
per was considerably reduced nematode propagation, root-gall
indexes, and improve development and root mass productivity
(Sosamma and Koshy, 1997). The Pasteuria strain found to be speci-
fic toM. incognita and ruined its life cycle (Mhatre et al., 2020). Pas-
teuria prevented nematode fecundity by preventing infected
females from laying eggs or egg masses.

4.2.2. Pseudomonas fluorescens
The capacity of Pseudomonas fluorescens Migula is attributed to

bind the root surface with carbohydrate and lectin, competing with
the host, acheving a promising biocontrol agent against root knot
nematode (Oostendrop and Sikora, 1990). Different biological
agents, as Bacillus subtilis (Bbv 57), Pseudomonas fluorescens (Pfbv
22), Trichoderma viridi, AM fungi and Biodynamic compost were
discovered to have the ability to boost considerable plant growth
in terms of number of leaves and plant biomass in black pepper
(Senthilkumar and Ananthan, 2018). In terms of nematode popula-
tion decrease in black pepper, FYM enriched Pseudomonas fluo-
rescens is considered the best of all bio-control agents (Bina and
Sarodee, 2019).

4.3. Endophytic bacteria

One of the antagonist species commonly used in biological con-
trol is endophytic bacteria (Ryan et al., 2008). It like endoparasitic
nematodes, colonizes inside plant tissue, making them great candi-
dates for pathogen control (Hallmann et al., 2009). When com-
pared to chemical control, endophytes are more effective since
they migrate to internal plant tissue and detect pathogen on their
own (Ryan et al., 2008). Endophytic bacteria consortiums (Serratia,
Pseudomonads, Arthrobacter spp., Curtobacterium sp., Micrococcus
spp., and Bacillus spp.) reduced nematodes, Radopholus similis and
M. incognita (Aravind et al., 2009). Endophytic bacteria isolated
from black pepper plant roots were studied for their biocontrol
characteristics against root knot nematodes, as well as their activ-
ity against Fusarium oxysporum andMeloidogyne incognita (Wiratno
et al., 2019). Nine endophytic bacteria isolated from pepper plants
were safe and potent against F. oxysporum and M. incognita. Pro-
tease and chitinase are among the enzymes produced by the bac-
teria, which also play a role in nitrogen fixation and phosphate
solubilization (Wiratno et al., 2019). Phytophthora capsici and
Radopholus similis were discovered to have strong antagonistic
effects against naturally existing endophytic bacteria from black
pepper vines. On cut shoots, stem bacterisation with endophytic
Pseudomonas spp., suppressed P. capsici infection (almost 90% low-
ering the length of the lesion) (Aravind et al., 2012). The majority of
plantlets which inoculated with Pseudomonas aeruginosa were free
of P. capsici infection on roots. Pseudomonas putida, and Bacillus
megaterium. Curtobacterium luteum and Bacillus megaterium
reduced nematode populations in soil by over 70% while simulta-
neously producing over 65% nematode-free plantlets. The bacteria
were discovered to boost the growth of rooted cuttings in addition
to protecting the plants against infections (Aravind et al., 2012).
Curtobacterium luteum TC 10 was found to have much greater
nematode suppression than Bacillus megaterium BP 17 regardless
of the black pepper cultivars evaluated (Aravind et al., 2012).
5. Conclusion

Because of the possible risk of environmental and health issues,
the alternatives for managing root knot nematodes are becoming
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increasingly limited. Several synthetic compounds have been
employed to control plant parasitic nematodes; however, most of
them have been pulled from the market due to substantial non-
target effects. Several nematode-controlling nematicides are
potent in controlling nematode infections in black pepper, but
their use is minimized due to large costs and pollution. In places
like India, where plant parasitic nematodes represent a severe dan-
ger to spice production, nematodes with adequate label claims are
lacking. There is an immediate need for farmers to accept an alter-
native, cost-effective, and environmentally acceptable nematode
management technique. As a result, the demand for comprehen-
sive nematode management programs is pressing.
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Survey of Pasteuria, the parasitic bacterial group to plant parasitic nematodes in
Turkey. Egypt J. Biol. Pest Control. 30, 1–7.

Pau, C.G., Leong, S., Teck, C., Wong, S.K., Eng, L., Jiwan, M., 2012. Isolation of
indigenous strains of paecilomyces lilacinus with antagonistic activity against
Meloidogyne incognita. Int. J. Agric. Biol. 14(2),197-203.

Perrine-Walker, F., Le, K., 2021. Propidium iodide enabled live imaging of Pasteuria
sp.-Pratylenchus zeae infection studies under fluorescence microscopy.
Protoplasma 258 (2), 279–287.

Pervez, R., Eapen, S., 2015. Distribution of plant parasitic nematodes associated with
black pepper in Idukki District. India. Ann. Plant Protect. Sci. 23, 188–199.

Pervez, R., 2018. In: Indian Spices. Springer International Publishing, Cham, pp.
205–247. https://doi.org/10.1007/978-3-319-75016-3_8.

Phani, V., Khan, M.R., Dutta, T.K., 2021. Plant-parasitic nematodes as a potential
threat to protected agriculture: current status and management options. Crop
Protect. 144, 105573. https://doi.org/10.1016/j.cropro.2021.105573.

Rahanandeh, H., Khodakaramian, G., Hassanzadeh, N., Seraji, A., Asghari, S.M.,
Tarang, A.R., 2012. Inhibition of tea root lesion nematode, Pratylenchus loosi, by
rhizosphere bacteria. J. Ornam. Hortic. Plants 2 (4), 243–250.

Ramana, K.V., Mohandas, C., Eapen, S.J., 1994. Plant parasitic nematodes and slow
decline disease of black pepper. Technical bulletin, Director, National Research
Centre for Spices, Calicut, Kerala, India, p. 14.

Ramana, K.V., Sarma, Y.R., Mohandas, C. 1992. Slow decline disease of black pepper
(Piper nigrum L.) and role of plant parasitic nematodes and Phytophthora capsici
in the disease complex. J Plant. Crops. 20(Suppl.):65-68.

Ravindra, H., Sehgal, M., Manu, T.G., Murali, R., Latha, M., Narasimhamurthy, H.B.,
2014. Incidence of root-knot nematode (Meloidogyne incognita) in black pepper
in Karnataka. J. Entomol. Nematol. 6(4), 51- 55.

Ravindra, H., Sehgal, M., Manu, T.G., Murali, R., Narasimhamurthy, H.B., Khan, I.,
Latha, M., 2015. Status of plant parasitic nematode problems of Karnataka and
their management with special reference to genus Meloidogyne.

Ryan, R.P., Germaine, K., Franks, A., Ryan, D.J., Dowling, D.N., 2008. Bacterial
endophytes: recent developments and applications. FEMS Microbiol Lett. 278
(1), 1–9.

Saad, A.M., El-Saadony, M.T., El-Tahan, A.M., Sayed, S., Moustafa, M.A.M., Taha, A.E.,
Taha, T.F., Ramadan, M.M., 2021a. Polyphenolic extracts from pomegranate and
watermelon wastes as substrate to fabricate sustainable silver nanoparticles
with larvicidal effect against Spodoptera littoralis. Saudi J. Biol. Sci. 28 (10),
5674–5683.

Saad, A.M., El-Saadony, M.T., Mohamed, A.S., Ahmed, A.I., Sitohy, M.Z., 2021b.
Impact of cucumber pomace fortification on the nutritional, sensorial and
technological quality of soft wheat flour-based noodles. Int. J. Food Sci. Technol.
2021 (56), 3255–3268.

Saad, A.M., Mohamed, A.S., Ramadan, M.F., 2020a. Storage and heat processing
affect flavors of cucumber juice enriched with plant extracts. Int. J. Veg. Sci., 1–
11

Saad, A.M., Mohamed, A.S., El-Saadony, M.T., Sitohy, M.Z., 2021c. Palatable
functional cucumber juices supplemented with polyphenols-rich herbal
2054
extracts. LWT - Food Sci. Technol. 148, 111668. https://doi.org/10.1016/j.
lwt.2021.111668.

Saad, A.M., Osman, A.O.M., Mohamed, A.S., Ramadan, M.F., 2020b. Enzymatic
hydrolysis of Phaseolus vulgaris protein isolate: Characterization of
hydrolysates and effect on the quality of minced beef during cold storage. Int.
J. Pept. Res. Ther. 26 (1), 567–577.

Saad, A.M., Sitohy, M.Z., Ahmed, A.I., Rabie, N.A., Amin, S.A., Aboelenin, S.M.,
Soliman, M.M., El-Saadony, M.T., 2021d. Biochemical and functional
characterization of kidney bean protein alcalase-hydrolysates and their
preservative action on stored chicken meat. Molecules 26 (15), 4690. https://
doi.org/10.3390/molecules26154690.

Sathyan, T., Elanchezhyan, K., Murugesan, N., 2020. Pests of black pepper and their
management. Biotica, Res. Today 2 (4), 87–89.

Senthilkumar, T., Ananthan, M., 2018. Study on the efficacy of biological agents on
black pepper (Piper nigrum L.) against root knot nematode, Meloidogyne
incognita. Int. J Curr. Microbiol. App. Sci. 7 (07), 3693–3696.

Shahnazi, S., Meon, S., Vadamalai, G., Ahmad, K., Nejat, N., 2012. Morphological and
molecular characterization of Fusarium spp. associated with yellowing disease
of black pepper (Piper nigrum L.) in Malaysia. J. General Plant Pathol. 78 (3),
160–169.

Sharma, M., Saini, I., Kaushik, P., Al Dawsari, M.M., Al Balawi, T., Alam, P., 2021.
Mycorrhizal Fungi and Pseudomonas fluorescens application reduces root-knot
nematode (Meloidogyne javanica) infestation in Eggplant. Saudi J. Biol. Sci. 28
(7), 3685–3691.

Sidhu, H.S., 2018. Potential of plant growth-promoting rhizobacteria in the
management of nematodes: a review. J. Entomol. Zool. Stud. 6 (3), 1536–1545.

Sidhu, H.S., Kanwar, R.S., Kumar, A., 2021. Compatibility of predatory nematode,
fictor composticola and bacterial parasite, Pasteuria penetrans for the
management of root-knot nematode. Curr. Microbiol. 78 (6), 2400–2405.

Singh, S.K., Hodda, M., Ash, G.J., 2013. Plant-parasitic nematodes of potential
phytosanitary importance, their main hosts and reported yield losses. EPPO Bull
43 (2), 334–374.

Sivakumar, T., Renganathan, P.B.P., Sanjeevkumar, K., 2020. Bio efficacy of bio-
nematon (Paecilomyces lilacinus 1.15% wp) against root-knot nematode
(Meloidogyne incognita) in cucumber crop. Plant Arch. 20 (2), 3805–3810.

Soliman, M.S., El-Deriny, M.M., Ibrahim, D.S.S., Zakaria, H., Ahmed, Y., 2021.
Suppression of root-knot nematode Meloidogyne incognita on tomato plants
using the nematode trapping fungus Arthrobotrys oligospora Fresenius. J. Appl.
Microbiol. 131 (5), 2402–2415.

Sosamma, V.K., Koshy, P.K., 1997. Biological control of Meloidogyne incognita on
black pepper by Pasteuria penetrans and Paecilomyces lilacinus. J. Plant. Crops. 25
(1), 72–76.

Subhagan, S.R., 2008. Management of root knot nematode in thippali (Piper longum
L.). M.Sc. (Ag.) thesis, Kerala Agricultural University, Thrissur, 80.

Subila, K.P., Suseela Bhai, R., 2020. Pythium deliense, a pathogen causing yellowing
and wilt of black pepper in India. New Dis. Rep. 42, 6-6.

Sreeja, T.P., Eapen, S.J., Ramana, K.V., 1996. Occurrence of Verticillium
chlamydosporium Goddard in a black pepper (Piper nigrum L.) garden in
Kerala. J. Spices Aroma. crops 5 (2), 143–147.

Subha, S.P., Balamurugan, S., 2020. Economic analysis of pepper cultivation in India.
SSRG International Journal of Economics and Management Studies, 1–5.

Swelum, A.A., Shafi, M.E., Albaqami, N.M., El-Saadony, M.T., Elsify, A., Abdo, M., Taha,
A.E., Abdel-Moneim, A.-M., Al-Gabri, N.A., Almaiman, A.A., Saleh Al-wajeeh, A.,
Tufarelli, V., Staffa, V.N., Abd El-Hack, M.E., 2020. COVID-19 in human, animal,
and environment: a review. Front. Vet. Sci. 7. https://doi.org/10.3389/
fvets.2020.00578.

Thangaselvabal, T., Justin, C.G.L., Leelamathi, M., 2008. Black pepper (Piper nigrum l.)
‘The King of Spices’ – a review. Agric. Rev. 29 (2), 89–98.

Thuy, T.T.T., Yen, N.T., Tuyet, N.T.A., Te, L.L., De Waele, D., 2012. Plantparasitic
nematodes and yellowing of leaves associated with black pepper plants in
Vietnam. Arch. Phytopathol. Plant Protect. 45 (10), 1183–1200.

Tian, B., Yang, J., Zhang, K.-Q., 2007. Bacteria used in the biological control of plant
parasitic nematodes: populations, mechanisms of action and future prospects.
FEMS Microbiol. Ecol. 61 (2), 197–213.

Tran, T.P.H., Wang, S.L., Nguyen, V.B., Tran, D.M., Nguyen, D.S., Nguyen, A.D., 2019.
Study of novel endophytic bacteria for biocontrol of black pepper root-knot
nematodes in the central highlands of Vietnam. Agronomy 9 (11), 714.

Usman, M., Gulzar, S., Wakil, W., Wu, S., Piñero, J.C., Leskey, T.C., Shapiro-Ilan, D.,
2020. Virulence of Entomopathogenic Fungi to Rhagoletis pomonella (Diptera:
Tephritidae) and Interactions with Entomopathogenic Nematodes. J. Econ.
Entomol 113 (6), 2627–2633.

Vallejos-Torres, G., Espinoza, E., Marín-Díaz, J., Solis, R., Arévalo, L.A., 2021. The role
of arbuscular mycorrhizal fungi against root-knot nematode infections in coffee
plants. J. Soil Sci. Plant Nutr. 21 (1), 364–373.

Wachira, P., Mibey, R., Okoth, S., Kimenju, J., Kiarie, J., 2009. Diversity of nematode
destroying fungi in Taita Taveta. Kenya. Fungal Ecol. 2 (2), 60–65.

Wiratno, W., Syakir M., Sucipto, I., Pradana, A.P., 2019. Isolation and
characterization of endophytic bacteria from roots of Piper nigrum and their
activities against Fusarium oxysporum and Meloidogyne incognita. Biodiversitas
20, 682-687.

Youssef, M.M., El-Nagdi, W.M., Lotfy, D.E., 2020. Evaluation of the fungal activity of
Beauveria bassiana, Metarhizium anisopliae and Paecilomyces lilacinus as
biocontrol agents against root-knot nematode, Meloidogyne incognita on
cowpea. Bull. Natl. Res. Cent. 44 (1), 1–11.

2021. https://www.statista.com/statistics/744331/india-pepper-production-
volume-by-state/.

http://refhub.elsevier.com/S1319-562X(22)00004-3/h0300
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0300
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0300
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0300
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0305
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0305
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0305
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0315
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0315
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0315
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0320
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0320
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0320
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0325
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0325
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0330
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0330
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0330
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0330
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0335
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0335
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0335
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0335
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0340
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0340
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0340
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0340
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0345
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0345
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0345
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0350
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0350
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0355
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0355
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0360
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0360
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0360
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0360
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0360
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0370
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0370
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0370
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0375
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0375
https://doi.org/10.1007/978-3-319-75016-3_8
https://doi.org/10.1016/j.cropro.2021.105573
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0390
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0390
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0390
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0395
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0395
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0395
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0415
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0415
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0415
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0420
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0420
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0420
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0420
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0420
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0425
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0425
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0425
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0425
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0430
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0430
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0430
https://doi.org/10.1016/j.lwt.2021.111668
https://doi.org/10.1016/j.lwt.2021.111668
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0440
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0440
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0440
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0440
https://doi.org/10.3390/molecules26154690
https://doi.org/10.3390/molecules26154690
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0450
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0450
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0455
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0455
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0455
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0460
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0460
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0460
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0460
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0465
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0465
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0465
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0465
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0470
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0470
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0475
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0475
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0475
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0480
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0480
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0480
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0485
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0485
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0485
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0490
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0490
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0490
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0490
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0490
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0495
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0495
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0495
http://refhub.elsevier.com/S1319-562X(22)00004-3/optxGUaTqnmWt
http://refhub.elsevier.com/S1319-562X(22)00004-3/optxGUaTqnmWt
http://refhub.elsevier.com/S1319-562X(22)00004-3/optxGUaTqnmWt
http://refhub.elsevier.com/S1319-562X(22)00004-3/optxGUaTqnmWt
http://refhub.elsevier.com/S1319-562X(22)00004-3/optYLN995XpvV
http://refhub.elsevier.com/S1319-562X(22)00004-3/optYLN995XpvV
https://doi.org/10.3389/fvets.2020.00578
https://doi.org/10.3389/fvets.2020.00578
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0515
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0515
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0520
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0520
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0520
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0525
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0525
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0525
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0530
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0530
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0530
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0535
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0535
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0535
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0535
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0540
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0540
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0540
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0545
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0545
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0555
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0555
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0555
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0555
https://www.statista.com/statistics/744331/india-pepper-production-volume-by-state/
https://www.statista.com/statistics/744331/india-pepper-production-volume-by-state/


A.M. Saad, H.M. Salem, A.M. El-Tahan et al. Saudi Journal of Biological Sciences 29 (2022) 2047–2055
Further Reading

Koenning, S.R., Overstreet, C., Noling, J.W., Donald, P.A., Becker, J.O., Fortnum, B.A.,
1999. Survey of crop losses in response to phytoparasitic nematodes in the
United States for 1994. J. Nematol. 31, 587–618.

Koshy, P.K., Bridge, J., 1990. Nematode parasites of spices. In: Luc, M., Sikora, R.A.,
Bridge, J. (Eds.), Plant Parasitic Nematodes in Subtropical and Tropical
Agriculture. CAB International, Wallingford, UK, pp. 557–582.
2055
Paul, S.K., Ahmed, M., Mamun, M.S.A., 2014. Biopesticides: a potential tool for the
management of Plant parasitic nematodes in tea. Tea J. Bangladesh 43, 24–33.

Rumbos, C.I., Kiewnick, S., 2006. Effect of plant species on persistence of
Paecilomyces lilacinus strain 251 in soil and on root colonization by the
fungus. Plant and Soil. 283 (1-2), 25–31.

http://refhub.elsevier.com/S1319-562X(22)00004-3/h0560
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0560
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0560
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0565
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0565
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0565
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0570
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0570
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0575
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0575
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0575
http://refhub.elsevier.com/S1319-562X(22)00004-3/h0575

	Biological control: An effective approach against nematodes using black pepper plants (Piper nigrum L.)Piper nigrum L.) --
	1 Introduction
	2 Plant parasitic nematodes in black pepper
	2.1 Root knot nematode
	2.2 Burrowing nematode

	3 Impact of plant parasitic nematodes
	4 Biological control of nematodes in black pepper
	4.1 Fungus
	4.1.1 Paecliomyces lilacinus
	4.1.2 Pochonia chalamydosporia
	4.1.3 Arthrobotrys oligospora
	4.1.4 Vesicular arbuscular mycorrhizae (VAM)

	4.2 Bacteria
	4.2.1 Bacillus subtilis
	4.2.2 Pseudomonas fluorescens

	4.3 Endophytic bacteria

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References
	Further Reading


