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Abstract:

Review
The Avenae group of the cyst nematode genus Heterodera Schmidt, 1871, comprises

five economically important species that predominantly parasitize
monocotyledonous plants and are collectively known as cereal cyst nematodes
(CCNs). Among these species, H. filipjevi, H. latipons, and H. avenae are widely

distributed throughout the major wheat-growing regions of Iran respectively. These
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Extended Abstract
Introduction

Introduction and Damage

Cereal cyst nematodes (CCNs) are among the most
important soil-borne pathogens affecting cereal production
worldwide. Their importance has increased in Iran,
particularly in wheat-growing areas, owing to continuous
cereal cultivation, monoculture systems, and increasing
water scarcity. The Avemae group within the genus
Heterodera Schmidt, 1871 comprises species that primarily
parasitize monocotyledonous plants. Five species within this
group are recognized as economically important and are
collectively referred to as CCNs. Among them, H. filipjevi,
H. latipons, and H. avenae are widely distributed across the
major wheat-growing regions of Iran.

Globally, CCNs are estimated to cause yield losses
exceeding 10% in cereal crops (Ali et al., 2019). In Iran, yield
losses caused by H. filipjevi have been reported to range
from 11% to 48% with 2.5 to 20 second-stage juveniles (J2s)
per gram of soil under microplot conditions (Hajihasani,
Tanha Maafi, & Hajihasani, 2010). Under field conditions,
yield reductions of 24.8% were reported in the backcross-
derived cultivars backcross-derived Roshan and Pishtaz and
20.4% in the cultivar Parsi (Karimipour Fard et al., 2018).
Under field conditions in Behbahan County, Khuzestan
Province, damage caused by H. avenae at a population
density of 62 eggs and J2s per gram of soil was estimated at
11-21% (Ahmadi et al., 2013). In addition to direct damage,
CCNs interact synergistically with soil-borne fungi, thereby
exacerbating disease severity and yield loss. Several soil-
borne fungal pathogens, including Fusarium culmorum, F.
pseudograminearum, Rhizoctonia cerealis, and Bipolaris
sorokiniana were co-isolated with CCNss from 35% of wheat
field samples collected across different regions of Iran
(Tanha Maafi et al., 2009).

Symptoms and Identification

Cereal cyst nematode infestation typically appears as
irregular pale patches in wheat fields. In well-fertilized soils,
where plants grow vigorously, infected roots exhibit a
characteristic “bushy-knotted” appearance; however, this
symptom is usually absent in nutrient-deficient soils. During
the heading stage, mature swollen white females are visible
on the root surface (Fig. 1). Root shortening and stunted
growth are symptoms of infection by H. filipjevi (Karimipour
Fard et al, 2018). CCNs are identified using both
morphological (Fig 3) and molecular approaches. Molecular
identification is based on PCR amplification of specific
regions of ribosomal genes or the mitochondrial genome
using species-specific primers, followed by DNA
sequencing. These approaches enable rapid and reliable
discrimination among morphologically similar species.

Distribution and the Effects of Water Stress and
Initial Population Density on Crop Damage

The most widespread CCN species, H. avenae (the oat or
European cereal cyst nematode), has been reported from
numerous countries worldwide and is the dominant species
in temperate regions. H. filipjevi is more common in
continental climates, whereas H. latipons is found in
Mediterranean regions. Additionally, Chinese populations
formerly identified as H. avenae are now recognized as H.
sturhani, whereas Australian populations are classified as H.
australis; both are considered CCNs (Smiley et al., 2017).

CCNs occur in wheat fields throughout many provinces
of Iran, including Khorasan Razavi, Golestan, Fars,
Lorestan, Markazi, Isfahan, and Khuzestan. Field infestation
ranged from 13% in Golestan to 63% in Lorestan, and in
some fields nematode densities exceeded the economic
threshold (Tanha Maafi et al., 2015). Four species belonging
to the H. avenae group have been reported from cereal-
growing areas of Iran, with H. filipjevi being the
predominant species (Tanha Maafi et al., 2007). H. avenae
has been found in Khuzestan, Ilam, and Kermanshah
provinces. Heterodera latipons shows the widest

distribution in western provinces, including East Azarbaijan,

West Azarbaijan, Ardabil, Zanjan, and Kermanshah. H.
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hordecalis (barley cyst nematode), morphologically similar
to H. latipons, has been found only in two regions of Ardabil.
Water stress is a key environmental factor that intensifies
nematode damage. Under drought conditions, the average
yield reduction caused by H. filipjevi in the wheat cultivars
backcross-derived Roshan, Pishtaz, and Parsi was 4.3%
greater than under normal irrigation (Karimipour Fard et al.,
2015). A significant negative linear relationship was
observed between initial nematode population density and
yield. Initial nematode population density accounted for
66.6% of the yield variation in backcross-derived Roshan
and Pishtaz cultivars and 44.5% in the cultivar Parsi
(Karimipour Fard et al., 2018). Similar relationships have
been confirmed for H. avenae under field conditions (Smiley,
Whittaker, et al., 2005). A predictive model based on the
initial population of eggs and J2s of H. filipjevi has been
developed for the wheat cultivars backcross-derived Roshan,
Pishtaz and Parsi (Karimipour Fard et al., 2018). This model
can support decision-making and improve the management
of CCN infestations in wheat fields across Iran.
Pathotypes, Host Range, Life Cycle, and Diapause
The use of resistant cultivars has revealed the existence
of nematode populations capable of overcoming host
resistance. Populations of H. avenae and H. filipjevi show
considerable variation in pathogenicity and reproduction on
similar but

the same host. These morphologically

biologically distinct populations are referred to as
pathotypes or races. Several pathotypes and ecotypes have
been described for H. avenae. At least two pathotypes of H.
filipjevi (Ha33 and Ha23 from group 3) have been identified
(table 1); however, pathotype diversity has not yet been
investigated in Iran. The host range of CCNs is limited to
plants of the family Poaceae (Gramineae), including wheat,
barley, oat, rye, triticale, and grass weeds (Blok et al., 2018).
In one study, bread wheat was the most suitable host for
reproduction and population increase of H. [filipjevi,
followed by barley and durum wheat, whereas millet and

maize were relatively poor hosts for this species (Seifi et al.,

2013). This species has also been reported from weed hosts

such as wild oat, ryegrass, Lolium spp. (Ahmadi & Tanha
Maafi, 2008), Bromus, Agropyron (Hajihasani, Tanha Maafi,
& Hajihasani, 2010), and Phalaris minor (Karimipour Fard &
Tanha Maafi, 2010).

The life cycles of CCNs are generally similar, with only
one generation completed each year. The life cycle of H.
filipjevi on the wheat cultivar Sardari was completed in 155
days (Hajihasani, TanhaMaafi, et al., 2010). In the wheat
cultivar Shiraz grown in the Bajgah region of Fars Province,
the life cycle of H. filipjevi was completed in 197 days (Seifi
et al., 2013). The duration of each generation of H. avenae
type B on the wheat cultivar Chamran was measured at 81 to
120 days in two consecutive years, corresponding to 557 and
446 degree-days, respectively (Ahmadi & Tanha Maffi,
2016). The life cycle of H. latipons on the wheat cultivar
Sardari in Arak also lasted 145-150 days (Hajihasani et al.,
2011).

Diapause is a survival mechanism in cyst nematodes that
enables them to survive in the absence of a host. The Iranian
population of H. filipjevi exhibits obligatory diapause and
requires exposure to 5°C for a six-week period to break
dormancy, followed by a maximum hatching rate of
approximately 88% over 12 weeks at 15°C (Majd Taheri et
al., 2020). To break obligatory diapause in H. avenae,
temperatures of 11-15°C are required for at least 1623 days
(approximately three weeks) (Ahmadi & Tanha Maffi, 2016).
These findings demonstrate the critical role of temperature
in regulating the life cycle, diapause, and survival of CCNs,
providing valuable information for their effective
management under different environmental conditions.

Management of Cereal Cyst Nematodes

The most effective strategy for managing CCNs is the
deployment of resistant or tolerant host plants. The
identification and deployment of resistant germplasm
through host genetic resistance can reduce nematode
populations below the economic threshold. All resistance
genes reported in commercial wheat cultivars are based on
the introgression of single dominant genes. Six Cre genes for

resistance to H. avenae in wheat (Cre2 to Cre7) and the Rkn2
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gene, which confers resistance to both H. avenae and
Meloidogyne naasi, were derived from species of the genus
Aegilops (Jahier et al., 1998). Other resistance genes (Crel
and Cre8) were derived from bread wheat, and CreR was
derived from Secale cereale (Smiley & Nicol, 2009). None of
the known Cre genes in winter and spring wheat provided
complete resistance against the Turkish population of H.
filipjevi (Dababat et al., 2014). In Iran, a genetic evaluation
of 35 cultivars of wheat, barley, rye, and seeds of Aegilops
tauschii and A. cylindrica using specific primers showed that
all wheat cultivars possessed the Crel resistance gene,
whereas barley and rye lacked this gene. This study
highlights the importance of using wheat cultivars carrying
the Crel gene for the management of CCNs in Iran (Fallahi
etal., 2018).

In Iran, several studies have investigated the reactions of
commonly cultivated wheat cultivars and a number of
germplasm accessions from Afghanistan, Iran, Pakistan,
Syria, Iraq, and Morocco to H. filipjevi, mainly under
greenhouse conditions and in a few cases under field
conditions (Karimipour Fard et al., 2019; Majd Taheri et al.,
2019; Panjeke et al., 2020; Yavuzaslanoglu et al., 2016).
Screening of 188 wheat genotypes obtained from ICARDA
and originating from seven countries using the 152K single
nucleotide polymorphism (SNP) chip revealed significant
differences in resistance to H. filipjevi (Majd Taheri et al.,
2019). Screening cultivars using a combination of pot
experiments and marker-assisted breeding has been
successfully applied in Australia to reduce infestation and
damage caused by H. avenae, resulting in considerable
savings in both cost and time (Ogbonnaya et al., 2001). A
similar approach should be adopted for screening wheat
cultivars and breeding lines against CCNs in Iran. SNP-
based markers have been used to determine the genetic
diversity of populations and for mapping studies (Majd
Taherietal., 2024; Pariyar et al., 2016). Using SNP markers,
11 markers representing eight genetic loci associated with
resistance to H. filipjevi were identified on chromosomes

2A,3B,4A, 4B, 5A, 5B, 5D, and 6B among 188 bread wheat

genotypes obtained from ICARDA (Fig. 3; (Majd Taheri et
al., 2024)).

Molecular and biochemical studies have shown that
resistance to H. avenae in wheat involves the activity of three
peroxidase genes, including 7TaPrx111, TaPrxI112, and
TaPrx113. These peroxidases may play a role in the plant
defense response. High concentrations of nano-salicylic acid
inhibited the expression of peroxidase genes (Pox/13 and
Pox114) and phenylalanine ammonia-lyase (PAL) in a
wheat cultivar susceptible to H. filipjevi. These findings
suggest that salicylic acid functions as a signaling molecule
during nematode infection, thereby contributing to the
activation of plant defense responses (Ghazalbash et al.,
2018).

Conclusion and Perspectives

Cereal cyst nematodes (CCNs) are among the most
important soil-borne pathogens of wheat and barley
worldwide and in Iran, with H. filipjevi being the
predominant species in the country’s wheat-growing
regions. Because CCN infection produces no distinctive
aboveground symptoms and soil-borne diseases are often
overlooked, these nematodes have not yet been fully
recognized as important yield-limiting pathogens in Iranian
wheat production. Research evidence indicates that these
nematodes can play a significant role in reducing wheat yield
under dryland farming conditions and drought stress,
particularly in the major wheat-producing provinces of Iran.
Therefore, accurate monitoring of initial nematode
population densities and the estimation of yield loss using
predictive models are essential for informed decision-
making in cereal production. The use of modern tools such
as geographic information systems (GIS), spatial
interpolation, and geostatistics can greatly improve the
identification of distribution patterns, infestation hotspots,
and factors influencing nematode population density.
Evaluation of the response of wheat cultivars to the
predominant species H. filipjevi using conventional
screening methods, together with marker-trait association

analysis based on SNP markers for genome-wide association
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studies (GWAS), has identified valuable sources of
resistance in wheat germplasm. Large-scale screening of
wheat cultivars and the integration of conventional breeding
with modern technologies, including quantitative trait loci
(QTL) mapping, gene silencing, and genome editing, are
essential for developing high-yielding and nematode-
resistant cultivars. The well-documented interaction
between CCNs and soil-borne fungi, which intensifies
disease severity and yield loss, highlights the importance of
incorporating this synergistic relationship into integrated

management strategies for wheat production.
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(Subbotin et al., 2010) <M 3! I pU,1 Madleyy 2kl 4 gozes ulul ; Heterodera filipjevi g\ae-s 5\, Shaoy SN Jgde

Table 1. Pathotype groups of Heterodera filipjevi based on the International Test Assortment of Cereal Cultivars (Subbotin et al.,

2010).

Differential species and cultivar (resistance gene; where known)

Heterodera filipjevi pathotypes

Ha23 Ha33

Barley

Varde + +
Emir (Rha “E”) (+) ¥
Ortolan (Rhal) + +
Morocco (Rha3) - R
Siri (Rha2) + +
KVL 191 (Rha2) “ “
Bajo Aragon (Rha2) + +
Herta “ “
Martin 403 (Rha3) + +
Dalmatische () +
La Enstuanzuela ) “
Harlan 43 - +
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Oat

Nidar

Sol ll

Pura Hybrid BS1
Avena sterilis 1376
Silva

IGV.H. 72-646

Wheat

Capa

AUS10894 (Crel)
Loro x Koga (Cre1)
Psathias

Iskamish K-2 Light

+ = susceptible; - = resistant; () = intermediate; “ = no observations
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Fig. 2. Vulval cone of cysts of Heterodera filipjevi (A) and H. latipons (B), showing fenestra, bullae, underbridge and vulval slit.
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Fig. 3. Manhattan plot showing genomic regions associated with Heterodera filipjevi resistance in wheat genotypes based on the

general linear model (GLM). The X-axis represents the position of SNP markers across the wheat chromosomes, and Y-axis shows —

log10 (P-values) of marker-trait associations. The red horizontal line indicates the genome-wide significance threshold.
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