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ABSTRACT

Hamid, M. 1, S. Aslam, A. Safdar, M. Z. Majeed, M. A. Javed, and A. Mehmood. 2023. Distribution of
cereal cyst nematodes in rice fields of Punjab, Pakistan and evaluation of nematicidal potential of
rhizobacteria to suppress Heterodera populations. Nematropica 53:110-119.

Cereal cyst nematodes (CCN) are among the most devastating endoparasitic sedentary nematodes
especially, Heterodera avenae and Heterodera oryzae, which attack a wide range of small grain crops. A
survey was conducted in 2020 to determine the CCN infestation in the four main rice-growing districts of
Punjab, Pakistan. Cereal cyst nematodes were found in 38.5% of the samples collected. Seven bacterial
species isolated from the rhizosphere of different crop plants were evaluated against CCN. Among the
seven bacterial species, Pseudomonas fluorescens, Bacillus subtilis, Pseudomonas putida, and
Pseudomonas geniculata caused more than 70% CCN second-stage juvenile (J2) mortality when applied
as bacterial cultures, culture filtrates, and volatiles. Egg hatching of CCN was also reduced with the
application of bacterial cultures, culture filtrates, and volatiles. P. fluorescens, P. geniculata and B.
licheniformis significantly reduced egg hatching to 20% compared to the untreated control in which
hatching was 65% after 72 hr. The results revealed that rhizospheric bacteria have the potential to kill CCN
J2 and reduce egg hatch. These bacterial species have the potential to be alternatives to chemical
nematicides for the eco-friendly management of CCN.
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RESUMEN

Hamid, M. I, S. Aslam, A. Safdar, M. Z. Majeed, M. A. Javed, and A. Mehmood. 2023. Distribucion del
nematodo del quiste de los cereales en campos de arroz en punjab, pakistan y evaluacion del potencial
nematicida de rhizobacteria para suprimir poblaciones de heterodera. Nematropica 53:110-119.

Los nematodos del quiste de los cereales (CCN) se encuentran entre los nematodos endoparasitos
sedentarios mas devastadores, especialmente Heferodera avenae y Heterodera oryzae, que atacan una
amplia gama de cultivos de cereales menores. En el 2020 se realizo un estudio para determinar la infestacion
del CCN en cuatro distritos principales productores de arroz de Punjab, Pakistan. EI nematodo del quiste
de los cereales se encontro en el 38,5% de las muestras recolectadas. Se evaluaron siete especies de bacterias
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aisladas de la rizosfera de diferentes cultivos, contra el CCN que infecta el arroz. Entre las siete especies
bacterianas, Pseudomonas fluorescens, Bacillus subtilis, Pseudomonas putida y Pseudomonas geniculata
causaron mas del 70% de mortalidad en juveniles de segunda etapa (J2) de CCN cuando se aplicaron como
cultivos bacterianos, cultivos filtrados y volatiles. La eclosion de huevos de CCN también se redujo con la
aplicacion de cultivos bacterianos, cultivos filtrados y volatiles. P. fluorescens, P. geniculata y B.
licheniformis redujeron significativamente la eclosion de los huevos a 20 % en comparacion con el control
sin tratamiento en el que la eclosion fue del 65 % después de 72 h. Los resultados revelaron que las bacterias
rizosféricas tienen el potencial de matar a CCN J2 y restringir la eclosion de los huevos. Estas especies
bacterianas tienen el potencial de ser alternativas a los nematicidas quimicos para el manejo ecoldgico de

CCN.

Palabras clave: Antagonismo, nematodo del quiste de los cereales, eclosion de huevos, mortalidad de

nematodos, rhizobacteria

INTRODUCTION

Cereal grains are one of the main staple foods
that feed humans across the world. Additionally,
cereal crops are used by the beverage industry and
as animal feed due to their high nutritional value
(Newman and Newman, 2008; Gustafson et al.,
2009). Rice (Oryza sativa L.) is an important grain
crop and a primary food source for half of the
world’s population (Subudhi et al., 2006). In
Pakistan rice is cultivated on 3 million ha with an
annual production of 7.4 million tons (Pakistan
Bureau of Statistics, 2020). A decline in production
of small grains was observed starting in 2005, and
is projected to continue while demand will increase
by 1% annually (Alexandratos and Bruinsma,
2012; OECD-FAO, 2018). The factors responsible
for the decline in the production of cereal crops
must be addressed in a timely manner.

Cereal cyst nematodes (CCN; Heterodera
spp.) are among the most important pests that limit
the production of small grains. CCN invade young
plant roots, resulting in stunted growth and
chlorotic patches in the fields. CCN belong to the
genus Heterodera, which is comprised of as many
as 70 species, including a complex of 12 species
known as the Heterodera avenae group (Smiley
and Yan, 2010). CCN have been reported to reduce
the yield of cereal grains by as much as 20% in
Pakistan, 50% in Turkey, 50% in Australia, and
90% in Saudi Arabia (Abidou et al., 2005;
Elek¢ioglu ef al., 2009; lley and McKay, 2009;
Dababat et al., 2015a). More than 50% incidence
of CCN have been recorded in surveyed fields in
the USA, Iran, Turkey, and Europe (Rivoal and
Cook, 1993; Smiley et al., 1994; Tanha et al.,

2009). Population densities of plant-parasitic
nematodes have a negative relationship with yield,
and this relationshop is influenced mainly by
nematode population densities in a particular area,
variety, climate conditions, cultural practices, and
soil health (Ali et al., 2019). With the potential for
substantial yield loss of grain crops by CCN,
proper management practices need to be adopted.
Management of CCN has mostly relied on
chemical pesticides, but due to the toxic effects on
human health, environment, and water sources, the
concerns about the use of nematicides and
fumigants are increasing (Dababat et at., 2015b;
Damalas and Koutroubas, 2016). Moreover, in
highly intensive production systems, chemical-
based management strategies impose extra
financial burden on growers (Sorribas et al., 2005).
The development of new and alternative
approaches for nematode management is therefore
required. Biological control with bacteria has the
potential to efficiently manage plant-parasitic
nematodes in an environmentally friendly manner
and the potential to reduce nematode densities and
resultant damage to plants (Ashoub and Amara,
2010; Basyony and Abo-Zaid, 2018; Soliman et al.,
2019). Several beneficial microorganisms have
shown potential and have been successfully used as
biocontrol agents to manage plant-parasitic
nematodes on different crops (Affokpon et al.,
2011). Several bacteria such as Bacillus
thuringiensis, Pseudomonas fluorescens, and
Pasteuria penetrans have exhibited great potential
as biological control agents of CCN (Davies, 1998;
Siddiqui and Mahmood, 1999). Several beneficial
bacteria are known to suppress plant-parasitic
nematodes by producing secondary metabolites
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such as enzymes and toxins, which could inhibit
nematode reproduction, reduce egg hatching, and
cause juvenile mortality (Siddiqui and Mahmood,
1999; Zhai et al., 2018). Thus, it is important to
isolate and identify native bacterial strains that are
well adapted to local environmental conditions.
The first objective of this study was to assess
the population densities of CCN in four of the
major rice-growing districts of Punjab, Pakistan.
The second objective was to evaluate the
nematicidal potential of native rhizospheric
bacteria against CCN under laboratory conditions.

MATERIALS AND METHODS
Survey of CCN from rice fields

A survey of CCN was conducted during 2020
in the districts of  Hafizabad, Sheikhupura,
Narowal, Gujranwala of Punjab Province, Pakistan
(Fig. 1). Soil and root samples were collected by
selecting 10 rice fields from each district. From
each field, five soil/root samples were collected at
a 5-30 cm depth around the root zone following a
cross sampling method. A total of 200 soil/root
samples were collected from 40 rice fields. The
collected soil and root samples were placed in bags
and transferred to the laboratory for further
processing.

Soil samples were homogenized and 100 g of
soil from each sample was processed to extract
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Figure 1. Geographical locations of rice- growing
regions of Punjab province, Pakistan

cysts and second-stage juveniles (J2) by Cobb’s
decanting and flotation method (Cobb, 1918). The
soil samples were completely mixed with water
and passed through sieves with cyst retained on the
148-um aperture sieve and J2 retained on the 43-
um aperture sieve. The cysts and J2 were further
extracted by the sucrose floatation method after
centrifugation (Hamid et al., 2017). The eggs of
CCN were released from cysts by using 5 ml glass
tissue grinder and subsequently suspended in a
37% sucrose solution and collected on a 25-um
aperture sieve after centrifugation at 2500x g for 5
min.

The extracted cysts from each sample were
observed under a stereomicroscope (Micros, Glan,
Austria) and counted to determine the CCN
population density. The number of eggs and J2 in
each sample were also counted by placing 1 ml of
suspension into 12-well tissue culturing plates
under an inverted microscope (Olympus CK40,
Evident, Tokyo, Japan). The Heterodera spp. were
determined by observing the morphological
characteristics of cyst, vulval cone, and J2 by light
microscopy (Micros, Austria) (Mwesige et al.,
2020). Significant differences between CCN
densities across the four locations were evaluated
using ANOVA and LSD test by comparing the
treatment means by using Statisitcs 8.1 package.
The treatments were considered significant when P
<0.05.

Evaluation of bacterial strains for CCN
suppression

Rhizosphere bacterial strains used in this
study were isolated from different host plants
(Table 1) during 2017-2020 and maintained in 15%
glycerol solution at -80°C. The bacterial strains
were cultured on nutrient agar plates for 48 hr at
25°C prior to use in the experiments. Two loops
full of bacteria from pure cultures were collected
and inoculated in 250-ml flask containing 100 ml
of sterilized nutrient broth. The flasks were placed
on a shaking incubator at 150 rpm for 72 hr at 28C”
in the dark. The bacterial cell suspension was
transferred to 50-ml falcon tubes, and centrifuged
at 9000 rpm for 10 min. The culture filtrates were
transferred to fresh 50 ml falcon tubes and cell
pellets were washed with sterilized distilled water
followed by centrifugation. The culture filtrates
were passed through 40 pm bacterial filters to
obtain cell free filtrates. The bacterial cell cultures
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Table 1. Rhizosphere bacterial strains used in the study.

Serial No. Isolate No. Bacterial strain Accession No.
1 CA09 Bacillus licheniformis MT380164
2 CA26 Pseudomonas fluorescens MT197384
3 CA27 Bacillus subtilis MT197385
4 CA31 Oceanobacillus kimchi MT380165
5 CA34 Rhizobium pusense MT197388
6 CA41 Pseudomonas putida MT197386
7 CA62 Pseudomonas geniculata MT197387

were suspended in sterilized distilled water to
achieve a concentration of 1x10% cells/ml. The
bacterial cell suspension and filtrates were used
immediately in nematode parasitism assays.
Healthy CCN J2 were extracted by following
Whitehead and Hemming tray method (Whitehead
and Hemming, 1965). The extracted J2 were
surface sterilized with 0.5% NaOCl and then
washed three times with sterilized distilled water.
The bacterial cell cultures (1x10% cells/ml) and
culture filtrates (20%) were used in nematode
parasitism assays. In 12-well tissue culture plates,
100 surface-sterilized J2 were added to wells
containing the bacterial cultures. The volatile
activity of bacterial strains was also accessed by
adding 1-ml of culture filtrates in a sterilized glass
cup that was placed in the center of a petri dish
containing healthy CCN J2 in sterilized distilled
water. The untreated control of sterilized distilled
water was included in each assay. The bacterial
cultures and volatile compounds were replicated
four times, and the experiments were conducted
twice. CCN J2 mortality by bacterial cell cultures,
culture filtrates and volatiles was monitored after
48 hr of incubation at 28°C. The eggs of CCN were
released from healthy cysts by using a 5-ml glass
tissue grinder and collected in sterilized distilled
water. The eggs were surface sterilized using 0.5%
NaOCl with three subsequent washings with
sterilized water. The bacterial cell cultures (1x10%
cells/ml) and culture filtrates (20%) were used for
in vitro egg hatching assays by adding 100 CCN
eggs in each well of 12-well tissue culture plates.
The volatile activity of bacterial strains was also
accessed by adding 1 ml of culture filtrates in a
sterilized glass cup that was placed in the center of
petri dish containing healthy CCN eggs. The
sterilized distilled water containing 0.05% ZnCl,
was used as an untreated control in the assays.
Treatments were replicated four times and
experiments conducted twice. The data for number
of eggs hatched after 72 hr were recorded. The data

for percentage J2 mortality and egg hatch were
collected and analyzed using ANOVA and LSD
test to compare mean values at P < 0.05 using
Statistix 8.1 software (Tallahassee, FL).

RESULTS

Incidence and population density of CCN across
rice growing regions

The CCN species Heterodera oryzae and
Heterodera avenae were detected in all of the rice
fields sampled (Fig. 2). Both Heterodera spp. were
found in mixed populations due to the rice-wheat
crop rotation in most of the fields sampled. The
average CCN infestation across fields was 38.5%.
The highest incidence of CCN was recorded in
Hafizabad followed by Narowal with CCN found
in 40% and 39% fields, respectively. The lowest
incidence was recorded from Gujranwala and
Sheikhupura districts with CCN found in 36% of

>

Figure 2. Morphological observations of cereal cyst
nematode (CCN) extracted from rice fields. A) cyst
of CCN, B) vulva cone of CCN, C) head region of
juvenile of CCN, D) tail region of CCN, E) full body
of CCN.
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surveyed fields. The mean population densities of
CCN across rice fields were 36 and 26 cysts/100 g
soil in Hafizabad and Narowal, respectively.
Moreover, 25 cysts/100 g soil were found in
Gujranwala and Sheikhupura districts (Fig. 3A).
The statistical analysis revealed that only
Hafizabad was statistical different in cyst
population densities from Sheikhupura, Narowal
and Gujranwala (P < 0.05). The mean number of
eggs and J2 per 100 g soil was 1,162 and 940 from
Hafizabad and Sheikhupura districts, respectively.
Fewer CCN eggs and J2 were detected in Narowal
and Gujranwala districts with 865 and 810 eggs and
J2 per 100 g soil, respectively (Fig. 3B). CCN egg
and J2 population densities were significantly
higher in Hafizabad and then Sheikhupura
compared to Narowal and Gujranwala (P < 0.05).

Nematicidal activity of bacteria against CCN J2

The bacterial strains P. fluorescens CA26, B.
subtilis CA27, P. putida CA41, and P. geniculata
CA62 resulted in the highest CCN mortality of
more than 80% in cell culture assays while other
bacterial strains resulted in 60% or more CCN
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Figure 3. Distribution and incidence of cereal cyst
nematode in rice-growing regions of Punjab province,
Pakistan. A) Number of cysts/100 g dry soil, B)
number of eggs and juveniles/100 g dry soil.
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mortality (Fig. 4A). Pseudomonas fluorescens
CAG62 caused higher J2 mortality compared to P.
fluorescens CA26 and P. putida CA41 and the rest
of the strains (P < 0.05). In the culture filtrates
assay, B. licheniformis CAQ9, P. fluorescens CA2,
B. subtilis CA27,and P. geniculata CA62 resulted
in more than 70% CCN mortality while other
bacterial strains resulted in more than 58% CCN
mortality (Fig. 4B). P. fluorescens CA26, B.
subtilis CA27, and P. geniculata CA62 caused
significantly higher mortality of J2 than other
bacterial strains and the untreated control (P <
0.05).

The wvolatile effects of bacterial culture
filtrates revealed that P. fluorescens CA26, B.
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subtilis CA27, P. putida CA41, and P. geniculata
CA62 caused more than 60% J2 mortality while
other bacterial strains caused more than 50%
mortality (Fig. 4C). The volatiles of P. fluorescens
CAG62 caused significantly higher J2 mortality than
other bacterial strain and the untreated control (P <
0.05). Overall, P. geniculata CA62 was the most
efficient bacterial strain with high nematicidal
potential followed by P. fluorescens CA26 and P.
putida CA41.

Efficiency of bacteria on egg hatching of CCN

Inoculation of CCN eggs into bacterial cell
cultures significantly reduced CCN egg hatching
ability and destroyed most of the eggs. The
bacterial strains P. fluorescens CA26 and P.
geniculata CA62 significantly reduced egg
hatching by 20% followed by B. subtilis CA27
compared to the control in which 65% of eggs
hatched in 72 hr (Fig. 5A). The assays with culture
filtrates also reduced CCN egg hatching
significantly compared to the control. P.
geniculata CA62 and B. licheniformis CAQ9
caused significantly higher reduction in egg
hatching, 22 and 24.5%, respectively, followed by
B. subtilis CA27 compared to the control (Fig. 5B).
The volatiles of bacterial filtrates also reduced egg
hatching of CCN significantly compared to the
untreated control. P. geniculata CA62 and P.
Sfluorescens CA26 had the highest reduction in egg
hatching followed by P. putida CA41 compared to
the control. All other bacterial strains also resulted
in significant reductions in egg hatching compared
to the untreated control (Fig. 5C). P. geniculata
CA62 and P. fluorescens CA26 were the most
efficient bacterial strains in reducing egg hatching
in all assays compared to the other bacterial strains
and the untreated control (P < 0.05).

DISCUSSION

The present study was conducted to
investigate the distribution of CCN in the four main
rice-growing districts of Punjab province, Pakistan.
In these regions, rice-wheat monoculture is
adopted on most of the land. The results revealed
the presence of CCN in most of the fields sampled
with 25-36 cysts and 810-1,210 eggs and J2 per 100
g soil. The two main species, H. avenae and H.
oryzae, were detected in the rice fields. The
incidence and species diversity of CCN were
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Figure 4. Nematicidal activity of bacterial strains
against cereal cyst nematode. A) Percentage mortality
of juveniles by bacterial cell culture, B) percentage
mortality of juveniles by bacterial culture filtrates, C)
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volatiles.

reported from wheat-rice growing regions of
Punjab, Pakistan (Hamid et al., 2021) and CCN
population densities were lower due to the non-host
cropping pattern. Ahmadi and Maafi (2014)
studied the incidence of CCN (H. avenae and H.
filipjevi) in different regions of southwestern Iran
and showed varying degrees of nematode
infestation. It was also observed that CCN have
more damaging effects in rain-fed cereal crops
compared to the cereal crops grown in irrigated
lands (Smiley, 2009). Variation in CCN infestation
may be due to different factors like the application
of nematicides, soil solarization, cultural practices,
or the presence of fungal and bacterial antagonists
(Chen, 2007). The results revealed that most of the
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rice fields were infested with CCN and proper
management practices should be considered.

In this study, already characterized
rhizosphere bacterial strains were evaluated against
CCN using cell culture, culture filtrates and volatile
assays. Egg-hatching capacity was decreased by
treating CCN eggs with bacterial cell culture,
filtrates, and volatiles. The bacterial strains resulted
in 60-90% nematode mortality and 50-70%
reduction in egg hatching. Several bacterial and
fungal species recovered from the rhizosphere have
been shown to play a vital role in the suppression
of plant-parasitic nematodes (Gao et al., 2016). A
study demonstrated the nematicidal potential of
bacterial and fungal isolates from plant rhizosphere
against Meloidogyne sp. of soybean (Toju and
Tanaka, 2019). The thorough investigation of the

nematicidal potential of B. firmus against plant-
parasitic nematodes revealed the effect of a serine
protease enzyme with high nematode suppression
(Geng et al. 2016). The cytotoxic effect of P.
fluorescens strain UTPF5  killed Meloidogyne
javanica ]2 and completely eliminated egg
hatching (Bagheri et al., 2014). The wettable
formulation of Pseudomonas sp. O6 was used to
control fungal diseases by foliar application and
also provided preventive and curative protection
against Meloidogyne spp. in tomato (Nam et al.,
2018). The biological potential of bacteria against
CCN and other plant-parasitic nematodes is well
documented and may be a good alternative to
chemical nematicides.

The production of multiple enzymes in the
form of antibiotics by rhizobacteria is the key
weapon for biological activity against plant-
parasitic nematodes. The production of antibiotics
by rhizosphere bacterial strains, such as
pyoluteorin, pyrrolnitrin, 2.4-
diacetylphloroglucinol, and phenazine were the
major determinants of the biocontrol activity of
Pseudomonads (Bernal et al., 2017). Several
volatile compounds such as, dimethyl-disulfide, 2-
nonanone, 2-undecanone, 2-octanone, 1-undecene,
1-(ethenyloxy)-octadecane, and (Z)-hexen-1-ol
acetate were identified from a P. putida strain
having strong nematicidal activity against M.
incongnita J2 and eggs (Zhai et al., 2018). The
volatile compounds, dimethyl-disulfide, 2-
nonanone, and 2-undecanone, caused more than
80% reduction of both M. incognita J2 and eggs at
a very low concentration of 0.5 mmol after 7 days
of exposure (Huang et al., 2010). In another study,
dimethyl-disulfide ~ exhibited the strongest
nematicidal activity against Bursaphelenchus
xylophilus (Yu et al., 2015). The compounds 2-
nonanone and 2-undecanone were reported to
induce paralysis in M. incognita and M. javanica
by direct-contact (Ntalli ez al., 2011). The repellent
effect of bacterial filtrates at high concentrations
against M. incognita has been demonstrated (Zhai
etal.,2018). Volatiles have also been demonstrated
to attract nematodes. For example, B. nematocida
B16 attracted nematodes by releasing six different
volatile compounds, of which benzaldehyde,
benzyl benzoate, acetophenone and 2-heptanone
were potent attractants (Niu et al., 2010). In future
studies, nematicidal compounds produced by these
rhizospheric bacterial strains considered in this
study should be characterized.
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In conclusion, this study showed the
distribution of CCN in the main four rice-growing
districts of Punjab, Pakistan. The efficacy of native
rhizosphere bacteria was evaluated under in vitro
conditions and P. geniculata, P, fluorescens and B.
subtilis were shown to have high potential to cause
CCN J2 mortality and reduce egg hatching
compared to other bacterial strains and the
untreated control. These bacterial strains will be
further evaluated in greenhouse and field
experiments. Moreover, nematicidal compounds

produced by these bacteria will also be
characterized.
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