
Cereal cyst nematodes, the Heterodera avenae com-
plex, are important nematode pests of wheat, oats and
barley in many countries of the world. Populations from
Germany, England, Sweden and India that were previ-
ously known as race 3, pathotype 3, pathotype B or the
Gotland strain of H. avenae Woll. are now considered to
belong to H. filipjevi Madzhidov (Subbotin et al., 1996;
Sturhan and Rumpenhorst, 1996; Bekal et al., 1997;
Rivoal et al., 2003; Bishnoi and Bajaj, 2004). Several
graminaceous plants have been reported as hosts for H.
avenae; however, there are divergent reports regarding
the host status of maize to this nematode. Rivoal (1975)
found that all pathotypes prevalent in France attack
maize roots but fail to reproduce. Saefkow and Lücke
(1979) and Maas and Brinkman (1977) recorded normal
development and reproduction on maize roots of H.
avenae populations from Germany (pathotype E) and
Holland, respectively. However, Behringer (1978) ob-
served that second stage juveniles (J2) of H. avenae pen-
etrate but do not mature in maize roots in Germany.
Johnson and Fushtey (1966) made detailed studies on
the development of H. avenae on maize and on a suscep-
tible variety of oat, and concluded that females develop-
ing on maize remain small-sized and hence fail to pro-
trude from the roots for reproduction. 

On the northern plains of India, maize is cultivated
mainly as a summer crop from June-July to October.
This crop is also grown in the winter season (November
to April) and as a fodder crop from February-March to
May-June. Second stage juveniles of indigenous popula-
tions of H. avenae and H. filipjevi remain in diapause
during summer (April to October) and start to hatch

when the temperature declines in November (Fig. 1),
coinciding with the season in which wheat, barley and
winter maize crops are sown. There is no unanimity re-
garding the host status of maize to Indian populations
of the former nematode species. Maize has been rated
as a non-host for H. avenae with no penetration by sec-
ond stage juveniles (Bhatti et al., 1977), a poor host
(Gill and Swarup, 1971) or, in contrast, a good host
(Swarup et al., 1964; Yadav and Verma, 1971). Prelimi-
nary studies conducted by Kanwar et al. (2002) with In-
dian populations of H. avenae and H. filipjevi indicated
that J2 of both nematode species readily infect the roots
of maize. Further investigations were, therefore,
planned to compare the development of these nematode
species in maize and in wheat.

MATERIALS AND METHODS

The initial studies were conducted during February-
April, 2004. Pre-germinated seeds of maize variety
HPQM 1 and wheat variety WH 147 were sown sepa-
rately, in earthenware pots containing one kg steam-
sterilized soil. Each pot, having one plant, was inoculat-
ed with 1000 hatched J2 of H. avenae (Udaipur popula-
tion) or 200 J2 of H. filipjevi (Ludhiana population).
The experiment was repeated during December, 2004-
March, 2005 but with an inoculum level of 500 J2 per
pot for both species. The juveniles were obtained by in-
cubating the cysts in distilled water at 10 0C for 25 days
and collecting J2 every third day. Observations on nema-
tode penetration and development were recorded peri-
odically, as given in Tables I and II. Nematode penetra-
tion and development were studied by staining the roots
in 1% acid-fuchsin lactophenol. The soil of each pot
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was processed through a 60-mesh sieve placed over a
300-mesh sieve by Cobb’s decanting and sieving
method. White females and cysts remaining on the 60-
mesh were collected and counted. The catch of the 300-
mesh sieve was further processed by Baermann’s funnel
technique for the recovery of males.

Average maximum and minimum air temperature da-
ta, recorded by Agricultural Meteorology Department,
CCS Haryana Agricultural University, Hisar, are report-
ed to highlight the differences between the two experi-
mental periods.

RESULTS

Second stage juveniles of H. avenae and H. filipjevi
readily penetrated the maize and wheat roots in both
experiments. However, more J2 of both species had pen-
etrated wheat roots than maize roots 15 days after inoc-
ulation (DAI) (Tables I, II), and no juveniles were ob-
served leaving the maize roots as reported for H. avenae
in resistant varieties of oats or wheat (Cook and Mizen,
1991; Kanwar et al., 2005).

February-sown plants. In wheat, more than 90% of the
nematodes in the roots were in the J3/J4 stages by 30
DAI. Adult males and white females of H. avenae and H.
filipjevi were recovered from roots and soil, 35 and 40
DAI, respectively. Adult males or females were recovered
from soil only 45 DAI. Roots cortex had sloughed off by
this time and as such roots contained no nematode.

In maize roots, only about 10% of the juveniles of H.
avenae were in J3 and J4 stages at 30 DAI. Most of the J2
had penetrated the first emerging primary roots, which
then became stubby. Penetration rarely occurred in sec-
ondary and tertiary roots. No lateral branching (as oc-
curs in wheat roots) took place at penetration sites. Only
one male was recovered from the soil, 35 DAI, though

roots harboured all developmental stages of nematode.
At 45, 60 and 70 DAI, no nematode was recovered from
the soil while primary roots contained males, females
and even some J2. The nematodes inside the secondary
or tertiary roots had either disintegrated or were still at
J2 or J3 stages. The females teased out from roots of
maize were smaller [628 (614-633) × 411 (376-435) µm]
than those from wheat roots [779 (570-874) × 576 (280-
684) µm]. The length of the neck was inversely related to
the size of females. The majority of J2 penetrating maize
roots developed normally to adult females or males but
quite a few of those that entered the stelar region were
surrounded by necrotic tissues and failed to develop be-
yond J2, and could still be seen 60 and 70 DAI. 

The development of H. filipjevi was similar to that of
H. avenae, except that more males (40) than females (4)
were found in roots of maize 40 DAI and infected roots
continued to grow and did not become stubby. Usually,
infected parts of roots became swollen and developed
lateral branches. Females of H. filipjevi that developed
on maize were smaller, 579 (574-594) × 307 (277-356)
µm, than those that developed on wheat, 616 (608-646)
× 448 (418-456) µm.

December-sown plants. The development of both H.
avenae and H. filipjevi on wheat and maize roots was
similar to, but slower than, in February-sown plants.
Adult females were present in roots of both plant
species by 60 DAI as compared to 35/40 DAI in Febru-
ary-sown plants (Table II). The other notable difference
in maize was the ability of a good number of males to
leave the roots and emerge into the soil. This variation
in nematode behaviour between February- and Decem-
ber-sown plants might be due to differences in prevail-
ing temperatures during the two seasons (Fig. 1). Some
males remained inside the roots even at 80 DAI, and
four or five males were occasionally observed in the
vicinity of a single female.

DISCUSSION

A large number of cyst nematode females developed
inside the primary roots of February- and December-
sown maize plants but nearly all of them remained
trapped inside the roots and failed to protrude, as also
observed by Johnson and Fushtey (1966). Bajaj et al.
(1996) also recorded similar observations while studying
the development of H. avenae on the resistant barley va-
riety C164.

A few females of H. avenae and H. filipjevi collected
from inside the maize roots contained eggs. Since repro-
duction in both these species is by amphimixis, such fe-
males might have been inseminated by males that re-
mained inside the roots. The inability of males and fe-
males to emerge or protrude from roots and their subse-
quent absence from the soil also explains the results 
obtained by earlier workers, who reported that H. ave-
nae entering into the roots of maize do not mature
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Fig. 1. Average monthly minimum and maximum air tempera-
ture during January, 2004-March, 2005 (Source: Agricultural
Meteorology Department, CCS Haryana Agricultural Univer-
sity, Hisar).
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Table I. Developmental stages of Heterodera avenae and H. filipjevi in maize var. HQPM 1 and wheat var. WH 147 during February
to April, 2004.

Abbreviations: J2 = Second stage juvenile, J3 = Third stage juvenile, J4 = Fourth stage female juvenile, J4 = Fourth stage male 
juvenile, = Adult female, = Adult male.o�o+

o�o+

Heterodera avenae Heterodera filipjevi
Maize Wheat Maize WheatDays after

inoculation
Root system kg soil Root system kg soil Root system kg soil Root system kg soil

15 101 J2, 1 J3 0 125 J2, 1 J3 0 19 J2 0 24 J2, 1 J3 0

30 98 J2, 7 J3,  3 J4 0 10 J2, 77 J3, 19 J4   ,
15 J4    

0 19 J2, 1 J3 0 2 J2, 20 J3,  4 J4 1

35 36 J2, 9 J3,  20 J4    ,
11 J4    , 5    , 3

1 14 J2, 10 J3,  27 J4   ,
18 J4    , 12    , 3

1    ,
13

- - - -

40 4 J2, 4 J3,  6 J4    ,
3 J4    , 10    , 5

0 17     4    ,
1

5 J2, 7 J4    ,
4   , 40

0 15   , 2 2   ,
5

45 21 J2, 4 J3,  5 J4    ,
6 J4     , 19    , 17    

0 Cortex sloughed off 23   ,
7

- - - -

50 8 J2,  2 J3,  4 J4    ,
3 J4    , 18    , 14

1 Cortex sloughed off 17   ,
9

10 J2, 12   ,
23

1  Cortex sloughed off 17

60 2 J2, 1 J3,  15    ,
18

0 Cortex sloughed off 20 cysts 2 J2, 10    ,
15

0 Cortex sloughed off 16 cyst

70 3 J2, 13    , 12      0 Cortex sloughed off 24 cysts 8   , 10    0 Cortex sloughed off 15 cysts

Table II. Development of stages of H. avenae and H. filipjevi in maize var. HQPM 1 and wheat var. WH 147 during December,
2004 to March, 2005.

Abbreviations: J2 = Second stage juvenile, J3 = Third stage juvenile, J4 = Fourth stage female juvenile, J4 = Fourth stage male 
juvenile, = Adult female, = Adult male.o�o+

o�o+

Heterodera  avenae Heterodera filipjevi
Maize Wheat Maize WheatDays after

inoculation Root system kg soil Root system kg soil Root system kg soil Root system kg soil

15 45 J2 0 152 J2 0 40 J2 0 226 J2 0

25  65 J2 0 167 J3 0 82 J2, 7 J3 0 21 J2, 103 J3 0

35 18 J2, 18 J3,
4 J4    , 2 J4

0 114 J3,  14 J4    ,
15 J4

0 15 J2, 30 J3 0 212 J3, 11 J4   ,
13 J4

0

45 37 J2, 2 J3,   
3 J4    , 3 J4

0 31 J3,  60 J4    ,
69 J4

0 48 J2, 7 J3,   
8 J4    , 5 J4

0 65 J3,  34 J4   ,
21 J4

0

60 3 J3,  4 J4    ,
7 J4    , 25   ,
5

0 12 J3,  52 J4    ,
28 J4    , 8

2    ,
28

2 J2, 9 J3,  10 J4    ,
10 J4    , 1

0 2 J3,  30 J4    ,
 40 J4    , 8

4    ,
3

70 3 J3,  6 J4    ,
7 J4    , 19   ,
14

2 22 7    ,
44

2 J3,  3 J4    ,
36    , 13

1 3 J4    , 10    ,
5

17    ,
33

80 1 J3,  4 J4    ,
2 J4    , 19   ,
10

13 Cortex
sloughed off

68 1 J4    , 12    ,
2

18 Cortex sloughed off 24    ,
5
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(Behringer, 1978) or that only males develop in maize
roots (Hirling, 1974). 

Dalal et al. (1988) and Kanwar et al. (2002) reported
occasional production of small cysts of H. avenae con-
taining a few eggs by some Indian populations on winter
maize varieties. Production of small-sized cysts with few
eggs by cereal cyst nematodes on resistant hosts is a
common phenomenon (Cook and Mizen, 1991; Bajaj et
al., 1996; Kanwar et al., 2003). However, Saefkow and
Lücke (1979), working with pathotype E (= Ha 61) in
Germany, found that this nematode developed normally
on maize and cysts containing eggs with J2 were formed
12-13 weeks after initial root invasion. This difference
could be attributed to differences in the pathotype viru-
lence and/or susceptibility of the maize variety (Lücke
and Saefkow, 1978). Swarup et al. (1964) and Yadav and
Verma (1971) reported reproduction of H. avenae on
maize in India. However, Bhatti et al. (1977) did not ob-
serve root penetration by juveniles or reproduction of H.
avenae (Mahendergarh, Haryana population) on maize
grown from June to October. Summer maize is unlikely
to be attacked by H. avenae or H. filipjevi as they remain
in diapause during this season under natural conditions
on the northern plains of India. J2 of H. avenae (ob-
tained by incubating cysts at 10 0C) penetrated maize
and wheat roots during August, 2004 but failed to devel-
op beyond J2 (with no swelling) even by 20 DAI (unpub-
lished data). The present results agree with previous ob-
servations by Maas and Brinkman (1977), who also re-
ported that the time of sowing of maize influences the
reproduction of H. avenae and attributed this to the ac-
tivity of the juveniles. Bajaj et al. (1986) also observed a
pronounced effect of temperature on the development
of Heterodera zeae on wheat and maize. It is worth men-
tioning here that H. zeae was described from India by
Koshy et al. (1970) and the concomitant occurrence of
H. zeae and H. avenae is common in India (Koshy and
Swarup, 1971; Bajaj and Walia, 1985). It is quite proba-
ble that Swarup et al. (1964) and Yadav and Verma
(1971) worked with mixed populations of both species,
when reporting reproduction of H. avenae on maize.

The present studies reveal that both H. avenae and
H. filipjevi can readily infect and develop on winter
maize, but that they fail to reproduce as females remain
trapped inside the roots. Consequently, winter maize
can be exploited as a trap crop for the control of H. ave-
nae and H. filipjevi on wheat and barley in India. Re-
duction of infestation in wheat fields by growing maize
has also been reported by Rivoal (1973), Bachthaler and
Hien (1976) and Behringer (1978).

LITERATURE CITED

Bachthaler G. and Hien L., 1976. Results of long term ce-
real rotations with varying proportions of maize. Bay-
erisches-Landwirtschaftliches-Jahrbuch, 53: 387-403.

Bajaj H.K. and Walia R.K., 1985. A new report on the
occurrence of cereal cyst nematode, Heterodera ave-
nae Woll., 1924 in Ambala district (Haryana). Geo-
bios New Reports, 4: 169-170.

Bajaj H.K., Gupta D.C. and Dahiya R.S., 1986. Devel-
opment of Heterodera zeae Koshy et al. on wheat and
maize. Nematologica, 32: 209-215.

Bajaj H.K., Dahiya R.S. and Dalal M.R., 1996. Develop-
ment of Heterodera avenae biotype Ha31 on resistant
barley and oat cultivars. Nematologia Mediterranea,
24: 53-57.

Behringer P., 1978. Maisanbau und Getreidenemato-
den. Erfahrungsbericht aus Bayern. Mais, No.1(18):
27-28. 

Bekal S., Gauthier J.P. and Rivoal R., 1997. Genetic di-
versity among a complex of cereal cyst nematodes in-
ferred from RFLP analysis of the ribosomal internal
transcribed spacer region. Genome, 40: 479-486.

Bhatti D.S., Dalal M.R. and Dahiya R.S., 1977. Some
factorial involvement in non-parasitization of maize
by Heterodera avenae. Indian Journal of Nematology,
7: 112-116.

Bishnoi S.P. and Bajaj H.K., 2004. On the species and
pathotypes of Heterodera avenae complex of India.
Indian Journal of Nematology, 34: 147-152.

Cook R. and Mizen K.A., 1991. Expression of resistance
in oats (Avena spp.) and other cereals to cereal cyst
nematode (Heterodera avenae). Helminthologia, 28:
145-150.

Dalal M.R., Dahiya R.S., Bhatti D.S. and Nandal S.N.,
1988. Reactions of different populations of Het-
erodera avenae on winter maize. International Nema-
tology Network Newsletter, 5(4): 5-6.

Gill J.S. and Swarup G., 1971. On the host range of the
cereal cyst nematode (Heterodera avenae Woll., 1924)
the causal organism of ‘Molya’ disease of wheat and
barley in Rajasthan, India. Indian Journal of Nematol-
ogy, 1: 63-67.

Hirling W., 1974. Schäden an Mais durch das Getrei-
dezysctenälchen (Heterodera avenae) und die Unter-
suchungstechnik für den Nachweis des Befalls.
Gesunde Pflanzen, 26: 58-62.

Johnson P.W. and Fushtey S.G., 1966. The biology of
the oat cyst nematode, Heterodera avenae in Canada.
II. Nematode development and related anatomical
changes in roots of oats and corn. Nematologica, 12:
630-636.

Kanwar R.S., Bajaj H.K. and Vats R., 2002. Parasitization
of some graminaceous crops by different populations
of cereal cyst nematode. National Symposium on Bio-
diversity and Management of Nematodes in Cropping
Systems for Sustainable Agriculture, 11-13 November,
2002. Department of Nematology, Agriculture Re-
search Station, Durgapura, Jaipur, India, 39 p.

206

12 Bajaj_203   29-12-2005  13:02  Pagina 206



Kanwar R.S., Bajaj H.K. and Vats R., 2003. Reaction of
BH 393 barley against Heterodera avenae and H. fil-
ipjevi. Indian Journal of Nematology, 33: 182.

Kanwar R.S., Bajaj H.K., Vats R. and Rana R.K., 2005.
Expression of resistance in wheat varieties RAJ MR1
and AUS 15854 to cereal cyst nematode, Heterodera
avenae Woll. Indian Wheat Newsletter, 11: in press.

Koshy P.K. and Swarup G., 1971. Distribution of Het-
erodera avenae, H. cajani and Anguina tritici in India.
Indian Journal of Nematology, 1: 106-111.

Koshy P.K., Swarup G. and Sethi C.L., 1970. Het-
erodera zeae n. sp. (Nematoda: Heteroderidae), a
cyst nematode on Zea mays L. Nematologica, 16: 511-
516. 

Lücke E. and Saefkow M., 1978. Maize varieties as
hosts of the cereal cyst-nematode (Heterodera avenae
Woll.). IIIrd International Congress of Plant Pathol-
ogy, 16-23 August 1978, Munchen, Germany, 1978.
150 p.

Maas P.W.T. and Brinkman H., 1977. Schade door het
havercysteaaltje (Heterodera avenae) bij mais. Gewas-
besherming, 8: 139-144.

Rivoal R., 1973. Accidents végétatifs et parasitaires au
début de la croissance du mäis dans l’ouest de la
France. La maladie vermiculaire du mäis causée par
le nématode à kyste des céréals, Heterodera avenae.
Sciences Agronomiques Rennes, 1973: 223-224.

Rivoal R., 1975. Le nématode à kystes des céréals, Hete-
rodera avenae, en France: caractéristiques biologiques
et lutte par l’utilisation de variétées résistantes. Défen-
se de Végétaux, No. 172: 53-64.

Rivoal R., Valette S., Bekal S., Gauthier J.P. and Yah-
yaoui, A., 2003. Genetic and phenotypic diversity in
the graminaceous cyst nematode complex, inferred
from PCR-RFLP of ribosomal DNA and morphome-
tric analysis. European Journal of Plant Pathology,
109: 227-241.

Saefkow M. and Lücke E., 1979. Die Entwicklung von
Heterodera avenae in Maiswurzeln. Nematologica, 25:
309-313.

Sturhan D. and Rumpenhorst H.J., 1996. Untersuchun-
gen über den Heterodera avenae-komplex. Mitteilun-
gen aus der Biologischen Bundesanstalt für Land und
Forstwirtschaft Berlin-Dablem, 317: 75-91.

Subbotin S.A., Rumpenhorst H.J. and Sturhan D., 1996.
Morphological and electrophoretic studies on popula-
tions of the Heterodera avenae complex from the for-
mer USSR. Russian Journal of Nematology, 4: 29-39.

Swarup G., Prasad S.K. and Raski D.J., 1964. Some
Heterodera species from India. Plant Disease Re-
porter, 48: 235.

Yadav B.S. and Verma A.C., 1971. Cereal cyst eelworm
and other nematodes associated with maize in Ra-
jasthan. Indian Journal of Nematology, 1: 97-98.

Bajaj and Kanwar 207

Accepted for publication on 10 October 2005.

12 Bajaj_203   29-12-2005  13:02  Pagina 207




