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Summary – Invasion, development and egg laying by Meloidogyne javanica in 11 Brassicaceae and four non-Brassicaceae crop
species/subspecies was investigated. At 10 to15 and 15 to 20±C, fodder rape cv. Rangi was invaded less than the good hosts tomato
cv. Grosse Lisse and � eld pea cv. Dun but more than the poor host oat cv. Cooba. With an inoculum of 50 second stage juveniles (J2),
invasion of Rangi, and the intermediate host subterranean clover cv. Trikkala, were similarly invaded when inoculated with 50 and 100
J2, cv. Rangi was invaded less than tomato. The intermediate host subterranean clover cv. Trikkala and Rangi were similarly invaded
when inoculated with 50 and 100 J2 but cv. Trikkala was less invaded with 200 J2. Oat cv. Cooba was always less invaded than the other
hosts. Invasion of 3-week-old seedlings of cv. Rangi and 12 cultivars of seven other Brassicaceae crop species/subspecies were similar.
Three weeks after inoculation, more M. javanica had developed to the mature female stage in tomato than in the eight Brassicaceae
species/subspecies. Females growing in tomato and � eld pea were always larger than those in rape cv. Rangi. Females in Rangi were
larger but those in oilseed radish cv. Adagio were smaller than in 11 other cultivars of seven Brassicaceae, except in plants grown in
winter. Egg masses from four Brassicaceae species contained fewer eggs than egg masses from tomato at 6 weeks after inoculation, but
at 7 and 8 weeks only those from fodder rape cv. Korina had consistently fewer than tomato. Results are discussed in relation to host
status, glucosinolates and potential use of Brassicaceae for control of Meloidogyne.
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Brassicaceae species are important as vegetable, condi-
ment, fodder and oilseed crops and may have value as
inter-row or rotation green manure crops to control Meloi-
dogyne infestation by biofumigation (Kimber & McGre-
gor, 1995; Kirkegaard et al., 1998). This potential bio-
fumigation by release of isothiocyanates from tissue glu-
cosinolates could be offset if nematodes reproduce on the
crop before its incorporation as green manure (McLeod
& Steel, 1999a). Many Brassicaceae crop species are in-
termediate rather than good hosts of Meloidogyne (Bird,
1972; McLeod & Warren, 1993; McLeod, 1994; McSor-
ley & Frederick, 1995; McLeod & Steel, 1999a). It has
been suggested that polyphagous Meloidogyne species in-
vade poor hosts less than good hosts, and that female de-
velopment rates and egg production per female are re-
duced in poor hosts (Anwar et al., 1994; Cook et al., 1999I
Ehwaeti et al., 1999). The glucosinolate-isothiocyanate
system in Brassicaceae may play a role in host-parasitic
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nematode relationships (Lazzeri et al., 1993; McLeod &
Steel, 1999a).

Invasion rate is relevant to assessing the probability of
nematode increase, because crops that impede invasion
escape infection when infestation levels are low or when
environmental conditions, such as soil temperature, are
marginal for Meloidogyne activity (McSorley & Duncan,
1995). Reduced invasion also decreases the number of ne-
matodes potentially able to cause damage and reproduce
in the crop (Ehwaeti et al., 1999). Rate of nematode de-
velopment in the root affects the number of generations
per growing season and hence rate of population increase
(Madulu & Trudgill, 1994; Trudgill, 1995; Tzortzakakis
& Trudgill, 1996). Slower development in biofumigant or
green manure crops extends the time before egg laying
and hence prolongs the period before the crop must be in-
corporated. Growth rate and size of adults are in� uenced
by food supply and host (Goodey, 1952; Fisher, 1969a;
Atkinson et al., 1996). Differences in the size adults attain
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suggest host status differences. Starvation and host status
not only affect growth of nematodes, but also the rate and
duration of egg-laying (Fisher, 1969b; Bird, 1972; Ferris
et al., 1984; Hillocks et al., 1995). The numbers of fe-
males and of eggs laid by each female determine the size
of nematode generations on the crop and therefore the size
of the population attacking the next crop.

The present research investigated i) invasion, ii) de-
velopment, iii) nematode growth and size and iv) egg
output of M. javanica (Treub) Chitwood in four non-
Brassicaceae crops and in a range of cultivars of Bras-
sicaceae crop species.

Materials and methods

NEMATODES AND CROP CULTIVARS

The source of nematode inoculum was a culture of M.
javanica isolated originally from grapevine (Vitis vinifera
L.) roots from Pokolbin, New South Wales, Australia and
maintained on tomato (Lycopersicon esculentum Mill.) cv.
Grosse Lisse. Egg masses were disrupted in 1% sodium
hypochlorite (Hussey & Barker, 1973) and the eggs col-
lected and allowed to hatch for 3 days as described pre-
viously (McLeod & Steel, 1999a). Hatched second stage
juveniles (J2) were used as inoculum in all experiments.
Crops and cultivars, their normal usage and the sources of
seed are listed in Table 1. The Brassicaceae represent ma-
jor crop species/subspecies and use-groups, and include
species and cultivars with diverse root glucosinolate pro-
� les and concentrations in mature vegetative or � ower-
ing plants (Kirkegaard & Sarwar, 1998; McLeod & Steel,
1999a).

INVASION

Invasion of non-Brassicaceae of different host status and
fodder rape cv. Rangi in two temperature regimes

This experiment compared invasion of tomato cv. Gros-
se Lisse, � eld pea (Pisum arvense L.) cv. Dun, subter-
ranean clover (Trifolium subterraneum L.) cv. Trikkala,
oat (Avena sativa L.) cv. Cooba and of fodder rape (Bras-
sica napus L. ssp. oleifera biennis) cv. Rangi. Cv. Rangi
produces mid-range total glucosinolate levels in roots
(McLeod & Steel, 1999a). In prior research, cv. Grosse
Lisse tomato and cv. Dun � eld pea were very good hosts
of M. javanica, cv. Trikkala clover and cv. Rangi rape
were intermediate hosts and cv. Cooba oat was a poor host
(McLeod & Warren, 1993; McLeod, 1994). Seeds were

germinated at intervals for different cultivars on � lter pa-
per in Petri dishes, to allow selection of seedlings with
radicles 10 mm long. Two seedlings were then placed on
1.5% water agar in 8.5 cm diam. plastic Petri dishes and
seed and radicles covered with � ne, moist sand (particle
size 150-250 ¹m). Seedlings were inoculated by pipet-
ting 600 J2 per dish onto the sand. Five replicate dishes of
each cultivar, arranged in randomised groups, were kept
in illuminated growth cabinets for 8/16 h dark/light peri-
ods at 10/15± and 15/20±C. These two regimes simulate
the autumn and winter soil temperatures of southern Aus-
tralian agricultural regions (Stanton & Eyres, 1994). Af-
ter 7 days, nematodes in the roots of each replicate were
recovered using a method based on Wachtel (1986). Root
systems were washed free of sand, stained in lactoglycerol
with 0.05% methyl blue (Bridge et al., 1982) and macer-
ated for 30 s in a 500 ml blending vessel. The suspensions
were washed through a 150-¹m sieve and collected on a
25 ¹m sieve and nematodes counted in Doncaster (1962)
dishes. Nematodes were recovered intact indicating that
blending had not disrupted them.

Invasion of non-Brassicaceae compared to invasion of
Rangi rape at different inoculum levels

Seedlings, grown as before, of tomato cv. Grosse Lisse,
clover cv. Trikkala, rape cv. Rangi and oat cv. Cooba were
sown singly in 4 £ 14 cm tapered plastic tubes of peat-
sand mix (equal parts by volume). Seedlings were grown
in an illuminated growth cabinet at 17/22±C (night/day)
and fertilized once with Thrive R° (Arthur Yates & Co.
Ltd, Milperra, New South Wales, Australia) soluble fer-
tiliser. After 3 weeks, plants were inoculated with 50, 100
or 200 J2=tube. There were � ve replicates per treatment,
arranged in randomised blocks. Seven days after inocula-
tion, numbers of nematodes in the roots were estimated as
described above.

Invasion of diverse Brassicaceae crop species/subspecies

Invasion was assessed in seven species/subspecies of
Brassicaceae crops: fodder rape (� ve cultivars), oilseed
rape (B. napus ssp. oleifera annua, three cultivars) and
one cultivar each of Swede turnip (B. napus ssp. rapifera),
fodder kale (B. oleracea L. var. acephala), Indian mustard
(B. juncea L.), oilseed radish (Raphanus sativus L. ssp.
oleiformis) and white mustard (Sinapis alba L.). Single
seedlings were grown in peat-sand mix as in the previous
experiment, with seven replicates, in a glasshouse at 20-
28±C for 3 weeks and were then inoculated with 500
J2=tube. Seven days after inoculation, nematodes in roots
were estimated as in the previous experiment.
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Table 1. Four non-Brassicaceae and 19 Brassicaceae (Brassica, Raphanus Sinapis) cultivars included in nine experiments investigating
root invasion and subsequent development of Meloidogyne javanica.

Crops and cultivars Seed Crop use Used to investigate nematode
source1/

Invasion Develop- Growth Size Egg
ment laying

Non-Brassicaceae
Tomato: Grosse Lisse YS Vegetable C C C ¡ C
Field pea: Dun WS Grain C ¡ C ¡ ¡
Clover: Trikkala NA Grazing C ¡ ¡ ¡ ¡
Oat: Cooba Grazing C ¡ ¡ ¡ ¡

Brassicaceae
Winter rape

Arran WS Fodder C ¡ ¡ C ¡
Bonar WS Fodder C ¡ ¡ C ¡
Hobson VA Fodder C ¡ ¡ C ¡
Korina CC Oilseed C C ¡ ¡ C
Rangi WS Fodder C ¡ C C ¡
Striker WS Fodder ¡ ¡ ¡ C ¡

Spring rape
Barossa NA Oilseed C ¡ ¡ ¡ ¡
RM 1 NA Oilseed C ¡ ¡ ¡ ¡
RM 2 NA Oilseed C ¡ ¡ C ¡

Swede turnip
Highlander WS Fodder C ¡ ¡ C ¡

Fodder turnip
Barkant WS Fodder ¡ ¡ ¡ C ¡
Pasja WS Fodder ¡ C ¡ C C

Turnip
Purple Top YS Vegetable ¡ C ¡ ¡ C

Indian mustard
99Y-1-1 CC Oilseed C C ¡ ¡ C

Fodder kale
Gruner WS Fodder C ¡ ¡ C ¡

Cabbage
Sugar Loaf YS Vegetable ¡ C ¡ ¡ ¡

Oilseed radish
Adagio SA Oilseed C C ¡ C ¡

Vegetable radish
Cherry Belle YS Vegetable ¡ C ¡ ¡ ¡

White mustard
Maxi CC Condiment C C ¡ ¡ ¡

1) NA: NSW Agriculture, Orange; WS: Wrightson Seeds, Sydney; VA: Valley Seeds, Alexandra, Victoria; CC: CSIRO, Canberra; SA:
Seedco, Adelaide; YS: Yates Seeds, Sydney, Australia.

RATE OF DEVELOPMENT

Single seedlings of tomato cv. Grosse Lisse and of eight
Brassicaceae species were grown from germinated seed
in tapered plastic tubes, as in previous experiments. The
Brassicaceae were fodder rape cv. Korina, turnip (B. rapa

L.) cv. Purple Top, fodder turnip hybrid (B. rapifera L./B.
napus) cv. Pasja, Indian mustard cv. 99Y-1-1, cabbage (B.
oleracea var. capitata) cv. Sugar Loaf, oilseed radish cv.
Adagio, vegetable radish (R. sativus L.) cv. Cherry Belle
and white mustard cv. Maxi. Assays of glucosinolates in
roots of 3-month-old plants of 11 Brassicaceae cultivars
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showed highest total concentrations in fodder rape cv.
Korina (McLeod & Steel, 1999a). Five tubes per species
were grown in a glasshouse, arranged in randomised
groups, at 18 to 27±C. The seedlings were inoculated with
100 J2=tube, 3 days after planting.

Three weeks after inoculation, roots were washed,
cleaned and stained by the following procedure, based
on Byrd et al. (1983). Cleaned roots were soaked in 4%
sodium hypochlorite for 5 min, rinsed in running wa-
ter, soaked in 1% acetic acid for 15 min, then boiled for
1 min in lactoglycerol with 0.05% methyl blue. Stained
roots were stored in clear lactoglycerol until examination.
Stage of nematode development was assessed by placing
roots in pools of clear lactoglycerol, in the bases of plastic
Petri dishes. The roots were covered and squashed with a
glass slide and examined under a stereomicroscope. Ne-
matodes were counted and classi� ed into � ve develop-
mental categories (Triantaphyllou & Hirschmann, 1960):
J2, vermiform or spindle shaped; post-J2 juvenile, cylin-
drical shape but posterior spike without cytoplasm; young
female, cylindrical shape but without posterior spike; fe-
male, � ask-shaped, no spike; and mature female. Percent-
ages of nematodes in each stage were calculated, based on
100 specimens from tomato but from all the specimens re-
covered from the Brassicaceae, ranging from 12 on white
mustard cv. Maxi to 75 on Indian mustard cv. 99Y-1-1.
Numbers of nematodes per plant were also recorded.

GROWTH RATE AND SIZE OF FEMALES

Growth rate

Growth rates of females were compared in rape cv.
Rangi, tomato cv. Grosse Lisse and � eld pea cv. Dun.
Plants grown in 15 cm diam. pots of sand-peat mix
and arranged in � ve randomised blocks were inoculated
with 100 J2=pot 3 weeks after sowing in a glasshouse at
18 to 27±C. Plants were uprooted 4, 5, 6 and 7 weeks
after inoculation, nematodes of the most advanced stages
dissected from the galls and mounted in water under cover
slips supported by broken cover slip pieces. Lateral view
outlines were drawn on 2 £ 2 mm grid paper using a
Zeiss R° drawing tube. At each assessment 20 specimens
from tomato and pea and a minimum of 11 from rape were
drawn. Image area was estimated by counting the number
of squares occupied by the image, and size was recorded
in ¹m2.

Size

Nematode size in 11 cultivars of seven Brassicaceae
species/subspecies was assessed by measuring lateral view

areas, as described above. Specimens were collected from
plants grown at three different times, in summer (glass-
house temperatures 17 to 30±C), autumn (17 to 25±C) and
winter (10 to 25±C) and inoculated with about 500 J2=pot,
1 week after sowing in 15 cm diam. pots of sand-peat mix,
fertilised fortnightly with Thrive R°. Not all cultivars were
grown each time. Plants were uprooted for collection of
nematodes 8 to 12 weeks after inoculation.

EGG LAYING

Egg laying by individual females was investigated in
tomato cv. Grosse Lisse, fodder rape cv. Korina, turnip
cv. Purple Top, fodder turnip hybrid cv. Pasja and Indian
mustard cv. 99Y-1-1. Single seedlings were planted in 4£
14 cm tapered plastic tubes of sand-peat mix, inoculated
3 days after planting with approximately 100 J2=tube and
maintained in a glasshouse at 18 to 27±C. Roots were
washed 5, 6, 7 and 8 weeks after inoculation. Root pieces
with visible galls were boiled for 1 min in 0.05% (w/v)
methyl blue in lactoglycerol to stain egg masses. The eggs
in � ve egg masses from each plant species were counted
at 5 weeks and in ten egg masses per plant species at later
times. Individual egg masses were placed in 1% sodium
hypochlorite in plastic Petri dish bases to dissolve the
gelatinous matrix and, if necessary, dissected to release all
eggs. Egg suspensions were then transferred to the inner
three circles of Doncaster counting dishes and counted.

STATISTICAL ANALYSIS

Results of non-Brassicaceae and rape cv. Rangi in-
vasion, egg laying and female size experiments were
analysed by analysis of variance, invasion and egg lay-
ing data were log transformed. Brassicaceae invasion and
growth rate experiments were analysed by generalised lin-
ear modelling (Anon., 1987). Results were considered sig-
ni� cant if P < 0:05.

Results

INVASION

At 10/15±C, invasion of the good hosts tomato and � eld
pea was greater than invasion of intermediate host rape
cv. Rangi (Table 2). Invasion of the intermediate host,
subterranean clover cv. Trikkala, was less than that of
� eld pea but not tomato. Invasion of cvs Trikkala and
Rangi were similar. The poor host, oat cv. Cooba, was
invaded less than the good and intermediate hosts. More
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Table 2. Invasion of four non-Brassicaceae crops and fodder
rape (Brassica napus spp. oleifera) cv. Rangi by Meloidogyne
javanica in two temperature regimes at 7 days after inoculating
plants with 600 juveniles=2 plants (means of � ve replicates).

Crops and cultivars Juveniles=2 seedlings1/

10/15±C 15/20±C

Tomato Grosse Lisse 26 (1.424) ab 269 (2.431) b
Field pea Dun 67 (1.830) a 536 (2.730) a
Sub. Clover Trikkala 13 (1.139) bc 117 (2.070) c
Fodder rape Rangi 7 (0.888) c 44 (1.657) d
Oat Cooba 0.9 (0.280) d 17 (1.262) e
LSD, P < 0:05 (0.4111) (0.2572)

1) Data transformed to log10 (x C 1) for analysis. Values are de-
transformed means and (logarithmic means). Within columns,
means with different letters differ at P < 0:05.

Table 3. Invasion of three non-Brassicaceae crops and fodder
rape (Brassica napus ssp. oleifera) cv. Rangi by Meloidogyne
javanica at three inoculation levels, seven days after inoculation
(means of � ve replications).

Crops and cultivars Invasion, juveniles=seedling1/

50 100 200

Tomato Grosse 25 (1.415) a 75 (1.881) a 121 (2.086) a
Lisse

Sub. Clover Trikkala 18 (1.279) a 24 (1.398) b 16 (1.230) c
Fodder rape Rangi 30 (1.491) a 23 (1.380) b 45 (1.662) b
Oat Cooba 4 (0.700) b 3 (0.602) c 9 (1.000) c
LSD, P < 0:05 (0.3664) (0.3664) (0.3664)

1) Data transformed to log10 (x C 1) for analysis. Values are de-
transformed means and (logarithmic means). Within columns,
means with different letters differ at P < 0:05. The LSD can
also be applied along rows.

nematodes invaded all hosts at 15/20±C and invasion was
higher in good hosts than in the intermediate hosts and
least in the poor host, oat cv. Cooba.

Tomato, subterranean clover and rape cv. Rangi inoc-
ulated with 50 J2=plant were invaded similarly, but in-
vasion of oat cv. Cooba oat was less (Table 3). At the
two higher inocula, more J2 invaded the good host tomato
than the other crops. Numbers of J2 invading tomato in-
creased with increasing inoculum, but invasion of rape cv.
Rangi, clover cv. Trikkala and oat cv. Cooba oat changed
little with increased inoculum. There were 17 to 52 ne-
matodes/seedling in the roots of 13 Brassicaceae cultivars
but differences were not signi� cant (Table 4). Numbers
in rape cv. Rangi were comparable to the previous exper-

Table 4. Invasion of 3-week-old seedlings of seven Brassicaceae
crops (Brassica napus, B. juncea, B. oleracea, Raphanus sativus,
Sinapis alba) by Meloidogyne javanica at 7 days after inocula-
tion with J2=plant (means of seven replications).

Crops and Invasion1/ Crops and Invasion
cultivars J2=seedling cultivars J2=seedling

Winter rape Swede turnip
Arran 52 Highlander 22
Bonar 43 Fodder kale
Hobson 31 Gruner 25
Korina 17 Indian mustard
Rangi 30 99Y-1-1 34

Spring rape Oilseed radish
Barossa 30 Adagio 24
RM1 37 White mustard
RM2 43 Maxi 26

1) Differences between means are not signi� cant.

iment, although more nematodes were added (500 com-
pared to 50, 100 and 200 J2=seedling).

RATE OF DEVELOPMENT

Three weeks after inoculation, 91% of the nematodes
in tomato had reached the female stage, 25% were ma-
ture females and a few small egg masses were present
(Table 5). In contrast, less than 5% of the nematodes in
Brassicaceae had developed to mature females and none
had started laying eggs: the percentage of the population
that had reached the female stage ranged from 20% on
turnip cv. Purple Top to 59% on white mustard cv. Maxi.

GROWTH AND SIZE

Nematodes in rape cv. Rangi at 4 weeks after inocula-
tion were much smaller than females in tomato and pea
(Fig. 1). Some nematodes in cv. Rangi were still juvenile
at this time, while in tomato and pea cv. Dun nematodes
were fully rounded, mature females. Between 4 to 6 weeks
after inoculation, nematodes enlarged faster in cv. Rangi
than in the other two hosts but, in cv. Rangi, females were
always smaller. A decrease in size was evident between 6
and 7 weeks in all three hosts.

Lateral view areas of females in seven Brassicaceae
species/subspecies varied from 4.5 to 19.8 £ 104 ¹m2

(Table 6). Females in rape cv. Rangi were larger than those
in the other cultivars when grown in summer and autumn.
Females in oilseed radish cv. Adagio were smaller than in
other plants both in summer and autumn but cv. Adagio
was not included in the winter plant range. Females from
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Table 5. State of development of Meloidogyne javanica in tomato (Lycopersicon esculentum) and in eight Brassicaceae crops (Brassica
napus, B. rapa, B. campestris=B. napus, B. juncea, B. oleracea, Raphanus sativa and Sinapis alba) at 3 weeks after inoculation (� ve
plants inoculated with 100 J2=plant).

Crops and State of development Number
cultivars (percentage in each development stage1/) counted2/

J2 Post-J2 Young Growing Mature
juvenile female female female

Tomato
Grosse Lisse 0 9 36 30 25 100

Fodder rape
Korina 35 22 33 10 0 49

Turnip
Purple Top 41 24 32 3 0 59

Turnip hybrid
Pasja 30 34 29 4 3 56

Indian mustard
99Y-1-1 19 27 33 21 0 75

Cabbage
Sugar Loaf 36 44 20 0 0 50

Oilseed radish
Adagio 30 15 49 3 3 33

Vegetable radish
Cherry Belle 16 36 19 29 0 31

White mustard
Maxi 16 25 42 17 0 12

1) J2: vermiform or spindle shape with spike. Post-J2 juvenile: cylindrical shape, posterior spike without cytoplasm. Young female:
cylindrical shape, without posterior spike. Growing female: � ask-shaped. Mature female: posterior body fully rounded.
2) Number of specimens on which percentages are based, from � ve plants. Numbers from the Brassicaceae species are the total numbers
found; more than 100 were present in tomato.

winter-grown plants were small and of similar size in
cultivars of all species.

RATE OF EGG LAYING

Egg masses from the Brassicaceae species contained
fewer eggs than tomato egg masses (Table 7). Differ-
ences were not signi� cant at 5 weeks but all Brassicaceae
species differed from tomato at 6 weeks. Only rape cv.
Korina differed signi� cantly from tomato at 7 weeks and
hybrid turnip cv. Purple Top and tomato did not differ sig-
ni� cantly at 8 weeks.

Discussion

The � rst two experiments showed that rape cv. Rangi
was invaded less than tomato and pea (good hosts) but
more than oat cv. Cooba, a poor host. No evidence of

differential invasion of different Brassicaceae species/sub-
species was obtained. As the numbers of juveniles in roots
were estimated 7 days after inoculation, it is possible
that some left the roots soon after invading (de Guiran,
1960; Reynolds et al., 1970). However, Anwar et al.
(1994) investigated emigration of M. incognita from six
crops of different host status and found that emigration
over the period up to 9 days after inoculation was trivial.
Voisin et al. (1999) found that emigration could not
explain differences in numbers of M. arenaria in roots of
susceptible and resistant Myrobalan plum clones.

The rate of development in tomato was similar to rates
found in previous studies of other Meloidogyne species
in tomato (Triantaphyllou & Hirschmann, 1960; Anwar et
al., 1994). Rates of development in the Brassicaceae are
comparable to those observed in poor hosts of M. inco-
gnita such as cotton (Gossypium hirsutum L.) and sesame
(Sesamum indicum L.) (Anwar et al., 1994). Development
in radish cv. Adagio was similar to that in seven other
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Fig. 1. Growth of Meloidogyne javanica females in two non-
Brassicaceae crops and in Brassica napus (fodder rape cv.
Rangi), size (lateral view area) measured 4, 5, 6 and 7 weeks
after inoculation. Y-axis shows lateral view areas in units of
¹m2 £ 104. Differences at each time between Rangi and tomato
and pea are signi� cant, P < 0:05. Bars indicate standard
errors. — : tomato cv. Grosse Lisse; — : pea cv. Dun;

— : rape cv. Rangi.

Brassicaceae, suggesting that the process responsible for
the very poor host status of cv. Adagio became effective
later than the invasion stage. Wyss et al. (1984) found
that resistance to Heterodera schachtii in oilseed radish
cv. Pegletta was mediated by syncytia disintegrating 6 to
7 days after invasion and noted that this differs from the
early hypersensitive reaction often involved in resistance
to Meloidogyne . The development of fewer, smaller fe-
males in cv. Adagio is indicative of resistance to M. ja-
vanica in this cultivar. Less reproduction on cv. Adagio
than on rape cv. Rangi has been con� rmed in a study of six
Meloidogyne populations from widely separated locations
in New South Wales (McLeod & Steel, 1999b). Bünte
et al. (1997) have reported resistance to M. incognita
conferred by dominant major gene(s), and a more com-
plex resistance to M. hapla amongst H. schachtii-resistant
oilseed radish genotypes. However, in contrast to present
results, Gardner and Caswell-Chen (1994) found many M.
javanica females in roots of H. schachtii-resistant oilseed
radish and white mustard cultivars, including cvs Adagio
and Maxi. This suggests differences in the nematode pop-
ulations studied.

Smaller females in rape cv. Rangi than in tomato and
pea at 4 to 7 weeks after inoculation and smaller size
of females in ten Brassicaceae cultivars compared to cv.

Table 6. Size of female Meloidogyne javanica in seven Brassi-
caceae crops (Brassica napus, B. campestris, B. campestris=B.
napus, B. oleracea, Raphanus sativus); plants grown in different
seasons under glass.

Crops and Lateral view area (¹m2 £ 104) of females,
cultivars 8 or 12 weeks after inoculation

Summer, Autumn, Winter,
at 8 weeks, at 8 weeks, at 12 weeks,
n D 12 n D 16 n D 20

Winter rape
Arran 15.8 b1/ –2/ –
Bonar – – 7.5
Hobson 8.5 c 13.1 b 8.7
Rangi 19.8 a 17.6 a 8.3
Striker 12.0 c – –

Spring rape
RM2 – – 8.5

Swede turnip
Highlander – – 7.5

Fodder turnip
Barkant 11.6 c – –

Turnip hybrid
Pasja 11.5 c – –

Fodder kale
Gruner – – 8.2

Oilseed radish
Adagio 4.5 d 8.0 c ¡

1) Within columns, means with different letters differ at P <
0:05.
2) – D Cultivar not included at this time.

Rangi are further evidence of delayed or slower growth
of M. javanica in Brassicaceae than in good hosts (Bird,
1972). Slower egg laying in Brassicaceae crop species
compared to tomato supports previous reports of reduced
Meloidogyne fecundity in poor and intermediate host
crops (Bird, 1972; Anwar et al., 1994; Ehwaeti et al.,
1999), but the results suggest that there are differences
between Brassica cultivars.

Invasion, rate of development and egg output of fe-
males are generally reduced in poor hosts of polyphagous
Meloidogyne species (Anwar et al., 1994; Cook et al.,
1999; Ehwaeti et al., 1999). These are suggested to be im-
portant, if not the main, determinants of host status in dif-
ferent crop genera and species. The present study supports
this contention in that it shows that all of these are reduced
in many Brassicaceae cultivars found previously to be in-
termediate hosts. The results provide little evidence of a
relationship between known glucosinolate concentrations
or types in advanced Brassicaceae plants and Meloido-
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Table 7. Egg laying by Meloidogyne javanica in tomato (Lycopersicon esculentum) and in four Brassicaceae crops (Brassica napus, B.
rapa, B. campestris=B. napus, B. juncea) as shown by numbers of eggs=egg mass 5 to 8 weeks after inoculation (means of � ve or ten
estimates).

Crops and Eggs=egg mass1/

cultivars
5 weeks, n D 5 6 weeks, n D 10 7 weeks, n D 10 8 weeks, n D 10

Tomato
Grosse Lisse 132 (2.119) 606 (2.783) a 687 (2.837) a 688 (2.838) a

Winter rape
Korina 31 (1.485) 191 (2.281) b 346 (2.540) b 144 (2.160) c

Turnip
Purple Top 60 (1.780) 240 (2.379) b 496 (2.695) ab 283 (2.452) bc

Turnip hybrid
Pasja 33 (1.522) 260 (2.414) b 479 (2.680) ab 417 (2.620) ab

Indian mustard
99Y-1-1 49 (1.692) 209 (2.320) b 497 (2.696) ab 165 (2.218) c

LSD, P < 0:05 NS (0.2075) (0.1774) (0.2260)

1) Data transformed to log10 x for analysis. Values are de-transformed means and (logarithmic means). Within columns, means with
different letters differ at P < 0:05.

gyne parasitism. Invasion differences were not signi� cant
despite the inclusion of rape cvs Bonar and Korina, both
found previously to produce relatively high root glucosi-
nolate levels (McLeod & Steel, 1999a). Different glucosi-
nolate pro� les represented, mostly 2-hydroxy-3-buteny l
and 2-phenylethyl in B. napus, mainly 2-propenyl and
2-phenylethyl in B. oleracea and B. juncea, and almost all
4-methylthio-3-butenyl in R. sativus spp. oleiformis, were
not related to effects on nematodes. Nematode develop-
ment was no slower in cv. Korina than in cv. Pasja, which
had a considerably lower glucosinolate level. However, in
cv. Korina, the slower rate of egg laying was associated
with its higher root glucosinolate level.

Although Brassicaceae crops are hosts, they are poorly
invaded and suppress nematode growth and development,
thereby reducing the risk of M. javanica increasing on
Brassicaceae crops before their incorporation into soil as
biofumigant green manures. Soil temperature ranges in
southern cropping regions in Australia are 15 to 20±C
in autumn and 7 to 15±C over winter (Stanton & Eyres,
1994). Results of the invasion studies suggest that the risk
of invasion will be constrained by low invasion rates at
these temperatures when Brassicaceae crops are sown as
autumn-winter biofumigant crops.

The mechanisms underlying lower invasion, slower de-
velopment and lower egg output by polyphagous Meloido-
gyne in intermediate and poor hosts remain to be resolved.

Hypersensitive plant reactions are not involved in all resis-
tant plants, e.g., the resistance of Moapa 69 lucerne (Medi-
cago sativa L.) to M. incognita and of Myrobalan plum
(Prunus cerasifera Ehr.) to M. arenaria (Potenza et al.,
1996; Voisin et al., 1999). Root system parameters such as
root weight, length and number of axes may in� uence in-
vasion (Cook et al., 1999; Ehwaeti et al., 1999). However,
McClure and Viglierchio (1966) found that penetration of
excised cucumber roots by M. incognita did not relate to
root growth or number of available root sites. In seedlings,
glucosinolates are less concentrated and less diverse than
in mature plants (Clossais-Besnard & Larher, 1991) and
so differences between cultivars could be small even if
glucosinolates were involved in restricting invasion. The
present results do not point to a relationship between the
concentrations or types of glucosinolate found in mature
plants and Meloidogyne invasion of young plants.
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