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Summary – The aim of this study was to search for new sources of resistance against the cereal cyst nematode, Heterodera filipjevi,
in a collection of 290 wheat accessions. The plants were inoculated with juveniles and assessed for the number of females and cysts.
One percent of the wheat accessions were ranked as resistant, 16% as moderately resistant, 41% as moderately susceptible, 26% as
susceptible and 15% as highly susceptible. The infection rate and the number of females and cysts per plant were significantly lower in
the resistant accession Nudakota and three moderately resistant accessions Ekonomka, Katea and Lantian 12 compared with susceptible
cv. Bezostaya 1. Nematode development was reduced in resistant and moderately resistant accessions. The size of females and the total
number of eggs and second-stage juveniles were reduced only in Ekonomka. No significant difference in plant height, plant weight, root
length, root weight and root volume were recorded for inoculated plants compared to non-inoculated plants. This study has identified
four resistant wheat accessions offering new material for breeding the resistance to H. filipjevi.

Keywords – breeding, host-nematode interaction, infection, susceptibility, Triticum aestivum.

Plant-parasitic nematodes significantly limit food pro-
duction worldwide with at least 17 important nema-
tode species in three major genera (Meloidogyne, Hete-
rodera and Pratylenchus). Cereal cyst nematodes (CCN)
are an important group of plant-parasitic nematodes at-
tacking cereals. CCN comprise a number of closely re-
lated species that cause severe yield loss in cereals in
many parts of the world including North Africa, West
Asia, China, India, Australia, USA and Europe (Nicol
& Rivoal, 2008). Heterodera avenae, H. filipjevi and H.
latipons are frequently reported species in wheat and each
species consists of various pathotypes (Rivoal & Cook,
1993; Holgado et al., 2005; Toktay et al., 2013). Hetero-
dera filipjevi has been described in China, Estonia, India,
Iran, Libya, Morocco, Norway, Pakistan, Russia, Sweden,
Tadzhikistan, Tunisia, Turkey and USA (Rumpenhorst et
al., 1996; Holgado et al., 2004; Smiley et al., 2008; Ri-
ley et al., 2009; Nicol et al., 2011). In Turkey, H. filip-
jevi has been found in 87% of the wheat-growing area in
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the Central Anatolian Plateau with an estimate of yield
loss up to 50% in several rain-fed winter wheat locations
(Nicol et al., 2006). Infected mature plants are stunted,
have a reduced number of tillers and the roots are bushy
and knotted (Nicol et al., 2011). Growth of the plants was
retarded and their lower leaves are often chlorotic thus for-
ming pale green patches in the field.

The life cycle of H. filipjevi has not been studied in de-
tail but it is suggested to be similar to other CCN species
such as H. avenae and H. latipons (Hajihasani et al.,
2010). Morphologically, H. filipjevi can be distinguished
by the presence of bifenestrate vulval cones, a distinct un-
derbridge and a robust stylet with anterior concave knobs,
and a hyaline terminal tail in second-stage juveniles (J2)
(Abdollahi, 2008; Smiley et al., 2008). Heterodera filip-
jevi is a sedentary nematode and completes only one gen-
eration during each crop season (Hajihasani et al., 2010;
Seifi et al., 2013). The mechanisms by which cyst ne-
matodes invade roots have been investigated in several
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plant species (Sobczak & Golinowski, 2011). In general,
the vermiform J2 of cyst nematodes invade epidermal and
cortical cells behind the tips of young roots, migrate intra-
cellularly towards the vascular cylinder and select a sin-
gle cell (initial syncytial cell) in the stele into which they
inject effector molecules, thereby inducing the formation
of enlarged syncytial feeding structures in roots (Wyss &
Grundler, 1992; Hewezi & Baum, 2013). After feeding
has commenced, the juveniles become sessile and moult
consecutively into the third-stage juvenile (J3), fourth-
stage juvenile (J4) and eventually into the adult female or
male. Heterodera filipjevi is sexually dimorphic and sex
becomes morphologically apparent during the J3 stage.
Adult males regain mobility to find females for mating,
whereas females remain embedded in the root tissue and
continue to feed from the syncytium. After mating, the fe-
males produce several hundred eggs and then die. Their
cuticles harden during a tanning process, and the body
turns into a resistant brown cyst that protects the eggs in
the soil for many years.

Plant resistance is currently the most effective method
to control cyst nematodes in cereals (McIntosh, 1997).
Nematode resistance against cyst nematodes in plants is
characterised by failure or limitation to produce func-
tional feeding sites and female development (Williamson
& Kumar, 2006). It has been described for a number of
cyst nematodes that juveniles develop into females un-
der favourable conditions in a susceptible host, whereas
the number of males increases in resistant hosts (Trudg-
ill, 1967). Accordingly, reduced numbers of females or
cysts are the most common traits in nematode resistance.
Reduced attraction towards roots and root structural barri-
ers may also be important factors preventing invasion and
syncytium induction. Analysis of nematode invasion, ne-
matode development and nematode reproduction provides
a detailed understanding of the active resistance mecha-
nisms. Within CCN, most studies have been focused on
H. avenae. More than nine single dominant genes, known
as ‘Cre’ have been reported in wild relatives of wheat
and barley (Riley et al., 2009; Dababat et al., 2015). New
sources of resistance to H. filipjevi were found in wheat,
Thinopyrum (wheat grass), derivatives (Li et al., 2012)
and the wheat landrace, Sardari, which is also a source
of Cre1 (Akar et al., 2009). Although the exploitation
of plant resistance to CCN has great potential, only lim-
ited efforts have been made to identify new and effective
sources of resistance in wheat. In fact, currently, there are
no varieties providing strong and sustainable resistance to
H. filipjevi in wheat, barley and oat.

Here, we present results of screening a large collection
of wheat populations against H. filipjevi, which we assume
could lead to the identification of new sources of resis-
tance. In addition, detailed studies on the different stages
of interaction between host and nematode during invasion,
nematode development and reproduction can help us to
understand the underlying mechanism of resistance.

Materials and methods

WHEAT ACCESSIONS

Two hundred and ninety-one winter wheat accessions
including breeding lines, cultivars and landraces were
tested (Table S1). The wheat accessions originated from
Afghanistan (1), Azerbaijan (1), Bulgaria (2), Canada
(2), China (7), Hungary (1), Iran (20), the International
Winter Wheat Improvement Program Turkey-CIMMYT-
ICARDA (95), Moldova (3), Mexico (29), Romania
(1), Russia (28), Serbia (1), South Africa (26), Syria
(1), Turkey (24), Ukraine (12) and the USA (36). The
material was provided by the International Winter Wheat
Improvement Program (http://www.iwwip.org/Nursery).

NEMATODE INOCULUM

A pure growth room culture of H. filipjevi from Central
Anatolian Plateau, Eskisehir (39.76665°N, 30.40552°E),
was collected and cysts were extracted by Cobb’s de-
canting and sieving method (Cobb, 1918). Cysts were
picked by hand and sterilised with 0.5% NaOCl for 10 min
and rinsed several times with sterile distilled water. The
surface-sterilised cysts were transferred into a funnel and
stored at 4°C for hatching. Freshly hatched juveniles af-
ter 2 days (�48 h) were used as inoculum. We performed
a polymerase chain reaction-restriction fragment length
polymorphism analysis to confirm the species identifica-
tion shown in Figure S1 (Yan et al., 2010).

SCREENING ASSAY OF WHEAT ACCESSIONS

Six spikes of each of the 290 wheat accessions were
picked by hand and one representative spike was se-
lected from each accessions. A susceptible wheat cv. Be-
zostaya 1 was used as control. Seven seeds from each
spike were germinated in moistened tissue in Petri dishes
for 3 days at 22°C. After germination, five seedlings of
a similar phenotype were selected. A sterilised potting
mixture of sand, field soil and organic matter (70:29:1,
v/v/v) was filled in RLC4-pine tubes (25 × 160 mm, Ray
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Leach Cone-tainer™; Stuewe & Sons). One germinated
seed was planted per tube in a 200 tube rack (RL200;
Ray Leach Cone-tainer™) and plants were organised in
a randomised block design. Each plant was inoculated
with 250 freshly hatched J2 of H. filipjevi in 1 ml wa-
ter into three holes around the shoot base 7 days af-
ter transplanting. Plants were grown in a growth room
at 26°C and 65% RH. Twenty-five days after planting,
plants were fertilised with water-soluble Nitrophoska®

Solub/Hakaphos® (20:19:19 NPK including micro ele-
ments such as P2O5, K2O, B, Cu, Fe, Mn, Mo and Zn;
COMPO) at 1 g l–1. Plants were harvested at 63 days post
infection (dpi) to collect the cyst from the soil and the
roots. The soil from each tube was collected in a 2 l beaker
filled with water and the soil mixture was stirred, then left
for about 30 s to allow the heavy sand and soil debris to
settle down. Roots were washed very gently on the up-
per sieve to free any females and cysts left attached to
the root system. The soil mixture was poured through 850
and 250 μm sieves. This process was repeated three times
to ensure all females and cysts were collected. Females
and cysts from both roots and soil were captured on a
250 μm sieve and counted under a dissecting microscope.
The roots were further checked for females and cysts that
had not been dislodged during the washing process. The
host status of the tested wheat accessions was determined
and categorised into five groups based on mean number of
females and cysts present per plant (Dababat et al., 2014).
The following ranking was used on a per plant basis: re-
sistant (R) = <5 females and cysts; moderately resistant
(MR) = 5-10 females and cysts; moderately susceptible
(MS) = 11-15 females and cysts; susceptible (S) = 16-
19 females and cysts; and highly susceptible (HS) = >20
females and cysts. The widely grown winter wheat cv. Be-
zostaya 1 in Turkey was used as the susceptible control.

RESISTANCE ASSAY

To identify potential mechanisms of resistance, nema-
tode invasion, development and reproduction was moni-
tored in the resistant accession Nudakota and three mod-
erately resistant accessions Ekonomka, Katea and Lan-
tian 12, and compared to the susceptible cv. Bezostaya 1.
The experimental method described above for the screen-
ing assay of wheat accessions was used for the resistance
assay. For plant growth measurements, non-inoculated
(NI) and inoculated (I) plants were analysed. All treat-
ments were repeated 18 times and performed in a com-
pletely randomised design. To monitor nematode infec-
tion and nematode development, roots were stained with

acid fuchsin at 2, 5, 10 and 15 dpi (Byrd et al., 1983). To
determine nematode reproduction, plants were harvested
at 63 dpi, female and cysts were extracted from roots
and soil, and the numbers of eggs and J2 determined af-
ter gently crushing the cysts. To measure cyst size, cysts
were transferred to 2% water agar and photographed with
a DM2000 dissection microscope (Leica Microsystems).
The largest optical section of the cysts area was calcu-
lated using LAS software (Leica Microsystems). To as-
sess growth parameters, the plants were washed gently, re-
maining soil particles were removed, and the root surface
was dried with soft paper towel. Immediately after dry-
ing, the fresh plant weight and root weight was recorded.
Plant height was assessed as the distance from the base
of the stem to the base of the spike. Root length was de-
termined by using WinRHIZO™ software (Regent Instru-
ments Canada); root volume was measured volumetrically
(Harrington et al., 1994).

DATA ANALYSIS

In the first round of wheat accession screening, mean,
standard deviation and standard error of number of cysts
were determined. In the following resistance assay, the
data were analysed using Sigma Plot 11.0. Statistical anal-
ysis included one-way analysis of variance and post-hoc
analysis by the Holm-Sidak method. Statistical differ-
ences were accepted as significant at P � 0.05. Regres-
sion analysis was used to relate the size of cyst to the total
number of eggs and J2 developed on the different wheat
accessions. A polynomial regression analysis was used to
calculate the best fitting equation.

Results

SCREENING ASSAY OF WHEAT ACCESSIONS

The screening of 290 winter wheat accessions resulted
in identifying 1% as resistant, 16% as moderately resis-
tant, 41% as moderately susceptible, 26% as susceptible
and 15% as highly susceptible to H. filipjevi (Table S1).

RESISTANCE ASSAY

Nematode invasion

The time-course of juvenile infection in selected wheat
accessions Nudakota Katea, Ekonomka, Lantian 12 and
cv. Bezostaya 1 at 2, 5 and 10 dpi is shown in Figure 1.
No significant difference in nematode penetration among
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Fig. 1. Nematode infection in different selected wheat acces-
sions at 2, 5 and 10 days post inoculation (dpi). Columns with
different letters are significantly different based on one way anal-
ysis of variance (Holm-Sidak) analysis at (P � 0.05, n = 18)
and a > b. Bar indicates the standard error of the mean.

the tested wheat accessions was found at 2 dpi. The
number of J2 in the root was generally low, around 5-10.
However at 5 dpi, nematode penetration was significantly
greater, about 32 J2 in cv. Bezostaya 1 and up to about,
19 J2 in Ekonomka, Katea, Lantian 12 and Nudakota.
The highest nematode infection was observed at 10 dpi
in all accessions, with a significantly lower number in
resistant and moderately resistant accessions compared to
the susceptible cv. Bezostaya 1.

Nematode development

In Ekonomka, Katea, Lantian 12 and Nudakota, the
number of J3 and J4 juveniles was found to be much lower
at 10 dpi than in cv. Bezostaya 1 (Fig. 2A), reflecting the
lower number of invading J2. At 15 dpi, the number of
J3 in Katea, Ekonomka, Nudakota and Lantian 12 were
significantly lower than in cv. Bezostaya 1 (Fig. 2B). At
the same time point, the number of J4 females resulted
from the development of J3. It was high in cv. Bezostaya
1, but significantly lower in all four resistant accessions.
In addition, the number of males in Katea and Nudakota
was significantly higher than in cv. Bezostaya 1.

Nematode reproduction

In addition to reduced and delayed nematode invasion
and development in Ekonomka, Katea, Lantian 12 and
Nudakota, the numbers of mature cysts were also sig-
nificantly lower when counted at 63 dpi (Table 1). In
this experiment, Lantian 12 was regarded as MS, due to
slightly higher number of females per plant (Table 1).

Fig. 2. Nematode development in selected wheat accessions
at: A: 10 days post inoculation; B: 15 days post inoculation.
Columns with different letters are significantly different based
on one way ANOVA (Holm-Sidak) analysis at (P � 0.05,
n = 18) and a > b. Bar indicates the standard error of the mean.

However, the mean number of cysts per plant was signif-
icantly less than in cv. Bezostaya 1. Cyst sizes in Katea
and Ekonomka were significantly smaller, whilst there
were no significant difference in Lantian 12 and Nudakota
compared with cv. Bezostaya 1. Ekonomka and Nudakota
contained significantly fewer eggs and juveniles per cyst
compared with cv. Bezostaya 1. The regression analysis
revealed no correlation between total number of eggs and
juveniles to the cyst size in all wheat accessions (Fig. 3).

Plant growth

For analyses of basic plant growth parameters, we
monitored plant height, plant fresh weight, root length,
and root fresh weight at 63 dpi of inoculated and non-
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Table 1. Selected winter wheat accessions and their response to Heterodera filipjevi development and reproduction.

Wheat
genotype

Pedigree Origin Cysts
per plant

SD SE Cyst size
(mm2)

Eggs
per cyst

J2
per cyst

Total
(eggs+J2)

Host
status

Bezostaya 1 LUT17/SRS2 Russia 25.47a 4.7 1.1 0.232a 164 23 187a HS
Lantian 12 Qingnong-4/

Xiannong-4
China 10.45b 3.3 0.8 0.198ab 145 11 156ab MS

Katea Hebros/Bez-1 Bulgaria 7.98bc 2.5 0.6 0.178b 140 16 156ab MR
Ekonomka – Ukraine 6.39bc 1.8 0.4 0.183b 96 10 106b MR
Nudakota Jagger/

Romanian
USA 3.52c 1.2 0.3 0.200ab 128 11 139b R

Columns with different letters are significantly different based on one way ANOVA (Holm-Sidak) analysis at (P � 0.05, n = 18) and
a > b > c.
Abbreviations: HS: highly susceptible; R: resistant: MR: moderately resistant; J2: second-stage juveniles; SD: standard deviation; SE:
standard error.

Fig. 3. Regression coefficient (R2) for relation between cyst sizes (mm) to total number of eggs and juveniles in five wheat accessions
(P � 0.05, n = 67).

inoculated plants. No significant differences were found
in plant height, plant weight, root length, root weight
and root volume between inoculated and non-inoculated
Katea, Ekonomka and Nudakota (Fig. 4).

Discussion

Resistant wheat cultivars can be very effective in con-
trolling cyst nematodes. Research to identify resistance
sources and to characterise molecular markers for resis-
tant phenotypes is ongoing in wheat and its wild rela-
tives. However, there are very few studies focusing on
the mechanism of resistance in wheat-nematode interac-
tions. Wheat landraces and domesticated genotypes pos-
sess genetic variation including resistance to biotic and
abiotic stresses (Kimber & Feldman, 1987). Here, we
analysed wheat populations with wide geographical distri-
bution and diverse genetic background to identify a new
sources of resistance that can be introduced into wheat
breeding. Two hundred and ninety-one wheat accessions

used in this study responded differentially to H. filipjevi
infection and damage. Seventeen percent of the wheat ac-
cessions led to significant reduction in nematode numbers
compared to Bezostaza 1 and were therefore classified as
R (1%) and MR (16%) (Table S1). In these wheat ac-
cessions, nematode infection and development was sup-
pressed and relatively few females developed to matu-
rity. The frequency of resistant accessions observed in
this study varied significantly among the different geo-
graphical origin (Table 1). Two winter wheat cvs Silver-
star (source of Cre1) and Frame (source of Cre8) were
reported to confer moderate resistance to H. filipjevi (Im-
ren et al., 2012). The Iranian bread wheat landrace Sardari
carrying the Cre1 gene was reported to confer moderate
resistance to H. filipjevi (Akar et al., 2009). However, the
Sardari (accession number (ACCNO) 951009, Table S1)
was only moderately susceptible in our study. The ex-
perimental method used by Akar et al. was different and
the inoculum density (20 J2) was low compared to our
study. A screening, performed in a glasshouse, and field
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Fig. 4. Effect of Heterodera filipjevi on wheat growth determined as cumulative root length (A), root volume (B) and root weight (C) on
different wheat accessions. Columns with different letters are significantly different based on one way ANOVA (Holm-Sidak) analysis
at (P � 0.05, n = 18) and a > b. Bar indicates the standard error of the mean.

trials revealed one resistant wheat germplasm (6R(6D))
and two moderately resistant wheat germplasm (Mackller
and CROC_1/AE.SQUARROSA(224)//OPATA) (Yuan et
al., 2011). The two wheat accessions ES 84.24/GRK and
Suzen 97 (ACCNO 000374 and 950283, Table S1) tested
in this study (Yuan et al., 2011) were found to be highly
susceptible, thus confirming our results.

Several mechanisms of resistance to cyst nematodes
have been reported in host plants, including prevention of
nematode infection and interruption of nematode devel-
opment (Montes et al., 2004; Reynolds et al., 2011). Our
data suggest that in resistant accessions nematode devel-
opment is impaired at three phases: early invasion, nema-
tode development, and reproduction, i.e., the number of
eggs and J2. Nematode invasion was very low in all four
lines at the infection stage (2 dpi), gradually but moder-
ately increased at 5 and 10 dpi due to juveniles that needed
more time to find and invade the roots. We therefore con-
clude that in these accessions resistance is at least partially
based on reduced invasion. This is consistent with other
studies in wheat with H. filipjevi and H. avenae (Sağlam
et al., 2009; Seifi et al., 2013). Other authors also found
low invasion of H. avenae in resistant wheat cultivars Raj
MR 1, CCNRV 4 and AUS 15854 (Pankaj et al., 2008). J2
are attracted to host plants by root exudates. Differences
in the composition of root exudates might explain lower

or higher attraction to roots and may alter nematode be-
haviour (Zhao et al., 2000; Robinson, 2002). J2 use their
stylets as tools to pierce cell walls mechanically (Wyss
& Zunke, 1986; Wyss, 2002) and to release secretions
containing cell wall modifying enzymes facilitate ingress
to roots (De Boer et al., 1996; Davis et al., 2000, 2008;
Long et al., 2013). The composition of cell walls, there-
fore, may also determine invasion success by forming a
more or less strong physical or physiological obstacle (re-
viewed by Bohlmann & Sobczak, 2014). Syncytia de-
veloped by H. avenae in susceptible wheat cv. Meering
were metabolically active, while the syncytium of resis-
tant wheat (Triticum aestivum cv. AUS10894) remained
extensively vacuolated and less active at 13 dpi (Seah et
al., 2000). A similar report revealed H. avenae female de-
velopment was arrested in resistant wheat near isogenic
line AUS10894 × Prins and metabolically active syncy-
tia in the susceptible cv. Prins was reported (Williams
& Fisher, 1993). At this stage, we cannot state whether
the studied wheat accessions differ in chemical compo-
sition of root exudates and cell wall. Our results, how-
ever, show that the development of J3, J4 female and male
does not differ between susceptible and resistant wheat
accessions. We therefore conclude that the resistant ac-
cessions do not suppress growth and development of in-
vaded nematodes by limitation or failure of the function of
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the induced syncytia. This mechanism has often been ob-
served in other host-nematode interactions e.g., in tomato
containing Hero A gene conferring resistance to potato
cyst nematode Globodera rostochiensis (Sobczak et al.,
2005), potato containing Gpa2 gene to G. pallida (Ko-
ropacka, 2010) and sugar beet containing HS1pro1 gene to
H. schachtii (Holtmann et al., 2000). Deterioration of the
syncytia in these cases prevents successful completion of
the nematode life cycle.

In this study, we examined cyst size as a possible
indicator of resistance expecting the size of cysts to be
related to the number of eggs and J2 they contain. In fact,
cyst size was reduced in two resistant accessions (Katea
and Ekonomka). However, counting the number of eggs
and J2 revealed no clear correlation between these two
traits (Fig. 3). Whereas in Katea, cyst size was reduced,
the number of eggs and J2 was not significantly different
compared to cv. Bezostaya 1. By contrast, both traits
showed significantly reduced values in Ekonomka. Since
there is no clear correlation between cyst size and number
of eggs and J2, we conclude that cyst size is not a reliable
trait to determine nematode resistance. Further studies
are needed to verify whether and which plant factors
determine these nematode traits.

Among all results achieved by analysing plant growth
parameters, only root length and root weight in Lantian 12
and root weight in cv. Bezostaya 1 showed reduction after
nematode infection. The fact that in most accessions none
of the parameters was changed after inoculation indicates
that the plants are tolerant to low nematode infection. The
question rises why the susceptible cv. Bezostaya 1 obvi-
ously also shows this type of response. Since Bezostaya
1 is a cultivar which is grown extensively in Turkey, it
might well be that is has been selected unintentionally by
the farmers to maintain or improve wheat production un-
der nematode infestation. Our data, however, do not imply
that the studied accessions would show tolerance under
field conditions. This trait is much more complex and can
finally only be measured through monitoring yield under
different conditions. However, here we focused on those
parameters that can easily be monitored in a growth room
trial. Extensive trials currently in progress will show how
the selected accessions perform under field conditions.
The challenge will then be to differentiate between ef-
fects that can be attributed to resistance from those that
are based on tolerance.

From our results, we confirmed that wheat accessions
Nudakota, Katea, Ekonomka and Lantian 12 possess re-
sistance and can subsequently be crossed with high-

yielding cultivars improving their genetic resistance to
CCNs. Currently, we are working on the identification of
markers and QTLs that are related to nematode resistance.
Therefore, 161 wheat accessions have been included in
a genome-wide association study to identify loci/genes
conferring resistance to H. filipjevi (Pariyar et al., 2015).
Marker-assisted selection will further improve the devel-
opment of resistant cultivars. Isolation of candidate genes
associated with specific markers will greatly facilitate this
process.

Acknowledgements

The authors thank IWWIP for the wheat accessions and
Ministry of food Agriculture and Livestock, Republic of
Turkey and the Transitional Zone Agriculture Research
Institute-Eskisehir for technical support.

References

Abdollahi, M. (2008). Morphology and morphometrics of He-
terodera filipjevi (Madzhidov, 1981) Steller, 1984 from Ko-
hgiluyeh and Boyer-Ahmad province, Iran. Pakistan Journal
of Biological Sciences 11, 1864-1867.

Akar, T., Caliskan, M., Nicol, J., Uranbey, S., Sahin, E., Yazar,
S., William, M. & Braun, H. (2009). Molecular characteri-
zation of cereal cyst nematode diagnostic markers Cre1 and
Cre3 in some winter wheat germplasm and their potential use
against Heterodera filipjevi. Field Crops Research 114, 320-
323.

Bohlmann, H. & Sobczak, M. (2014). The plant cell wall in the
feeding sites of cyst nematodes. Frontiers in Plant Science 5,
89.

Byrd, D.W., Kirkpatrick, T. & Barker, K. (1983). An improved
technique for clearing and staining plant tissues for detection
of nematodes. Journal of Nematology 15, 142-143.

Cobb, N.A. (1918). Estimating the nema population of soil, with
special reference to the sugar-beet and root-gall nemas, He-
terodera schachtii Schmidt and Heterodera radicicola (Greef)
Müller and with a description of Tylencholaimus aequalis
n. sp. Washington, DC, USA, National Government Printing
Office.

Dababat, A.A., Erginbas-Orakci, G., Toktay, H., Imren, M.,
Akin, B., Braun, H.J., Dreisigacker, S., Elekcioglu, İ.H.
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Resistance to Heterodera filipjevi in winter wheat
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S.R. Pariyar et al.

Fig. S1. Polymerase chain reaction restriction fragment length
polymorphism patterns of Heterodera filipjevi (Hf ) and H.
schachtii (Hs) based on restriction with Hinf I or RsaI.

402 Nematology

Downloaded from Brill.com03/25/2019 08:51:28PM
via University of California Davis


