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WORKSHOP: Organisms and Methods for
Biological Control of Nematodes
Methods for the Study of Verticillium chlamydosporium in
the Rhizosphere
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Abstract: Methods for screening isolates of the nematophagous fungus, V. chlamydosporium, for
their ability to colonize the surface of plant roots are described. Significant differences in the extent
of colonization were observed in sterile conditions and in soil; plant species and cultivars also differed in their ability to support a selected isolate of the fungus. Akhough fungal density could be
estimated using a semi-selective medium, it was not possible to separate differences in vegetative
growth from differences in sporulation. There was a weak positive correlation between estimates of
fungal density on the roots of plants grown in sterile conditions and the extent of hyphal growth
measured by direct observation.
Key words: biological control, nematode, plant host, rhizosphere colonization, root-knot nematode,
screening method, selective media, Verticillium chlamydosporium.

Colonization of the rhizosphere by the V. chlamydosporium as estimated from the
n e m a t o p h a g o u s f u n g u s , Verticillium numbers of colony-forming units (cfu) on
chlamydosporium, is essential for the control dilution plates (4,9). These media have
ofMeloidogyne spp. by this agent. The fun- been used to demonstrate the importance
gus does not cause lesions or affect root of the rhizosphere for the survival of the
growth but appears to proliferate in the fungus in soil (7) and the effects of soil
rhizoplane and rhizosphere (11). How- texture, application rate, and temperature
ever, isolates of the fungus differ mark- on the density of the fungus in the rhizoedly in their ability to spread on roots (11) sphere. However, selective media do not
and the extent of colonization differs sig- allow differentiation among colonies denificantly b e t w e e n plant species (10). rived from hyphal fragments, conidia, or
Thus, there is a need to identify V. chlamy- chlamydospores. Hence, changes in vegedosporium isolates capable of extensive tative growth or in the extent of sporulagrowth in the rhizosphere and plants able tion cannot be distinguished with these
to support the fungus. Egg masses of root- techniques. In this paper we describe some
knot n e m a t o d e s within large galls are methods developed for studying the colophysically isolated from infection because nization of the root surface by V. chlamythe fungus is confined to the surface of dosporium on different plant species.
roots. Hence, control of these nematodes is
most effective when egg masses on small
MATERIALS AND METHODS
galls are exposed in the rhizosphere. Gall
Isolates of V. chlamydosporium were colsize is most affected by host plant susceplected
from a wide range of soils infested
tibility and nematode density.
with
Heterodera
and Meloidogyne spp. from
Selective media have been developed for
suspensions
of
eggs or chlamydospores
monitoring changes in the abundance of
plated on 0.8% water agar (8). Pure cultures of each isolate were made on 1.7%
corn meal agar, and mixtures of hyphae
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years of their date of collection and most
within 12 months.

the roots of tomato plants, and different
plant species were screened for their abilScreening for ability to grow in the rhizo- ity to support a selected isolate. Isolates of
sphere: Conidia of each isolate were pro- the fungus were cultured on a 1:1 mixture
duced in shaken cultures of Czapek Dox (v/v) of sand and milled barley grain for 21
Broth with additional salts (5) at 15 C. Af- days at 25 C. The colonized medium was
ter 14 days, the spores were separated w a s h e d on a 50-txm-pore sieve, a n d
from mycelium on a 10-p~m-pore sieve and chlamydospores and some hyphal fragsuspended in 1% manucol, and the volume ments were collected on a sieve with 10-~m
adjusted to provide 106 conidia/ml. Ten o p e n i n g s . T h e c h l a m y d o s p o r e s were
barley (Hordeum vulgate cv. T r i u m p h ) added to sterile sand and stored at 4 C
seeds were surface disinfested in 7% cal- until required. Before addition to soil, the
cium hypochlorite for 45 minutes on a spores from a known weight of sand were
wrist action shaker and washed five times suspended in water and their number eswith sterile distilled water. The seeds were timated in a hemocytometer. T h e inocudipped in the spore suspension, for an in- lure in sand was added to nonsterilized soil
festation level o f ca. 105 conidia/seed, and at a rate of 5,000 chlamydospores/g soil
air-dried overnight in a sterile cabinet. and thoroughly mixed. T h e treated soil
The seeds were planted in sterile vermic- was dispensed in 750-g aliquots into 12ulite in glass tubes (15 c m x 2.5-cm-d) cm-d pots and planted with one of a range
stoppered with cotton and grown for 10 of plants. After 2 weeks, the soil was inocdays at 19 C. Each isolate was tested in trip- ulated with 2,500juveniles o f M . incognita.
licate. C o n t r o l s were u n t r e a t e d seeds
After ca. 6 weeks, an assessment of
dipped in the manucol solution only. Be- rhizosphere competence in nonsterilized
fore planting, the presence of viable inoc- soils was obtained with a semi-selective meulum of each isolate was checked by plat- dium (9) to estimate the proliferation of V.
ing three treated seeds on 0.7% water agar chlamydosporium on the root surface. Root
and incubating for 7 days at 19 C; colonies s y s t e m s w e r e w a s h e d , b l o t t e d d r y ,
of the fungus developed from all seeds. weighed, cut into segments (0.5-1 cm
Two roots from the seedling grown in each long), and mixed, and a 1-g subsample was
tube were cut into 1-cm segments and as- taken. The sample was crushed in 9 ml of
sessed for colonization after incubation on 0.05% agar solution with a sterile pestle
0.7% water agar plates for 7 days at 19 C. and mortar and a dilution range prepared
The proportion of segments colonized and (10-1 to 10 -~) (9). Two 0.2-ml subsamples
their distance from the initial inoculum on of each dilution were incubated at 25 C on
the seed was recorded.
the semi-selective medium for 2-3 weeks,
Assessing growth in .the rhizosphere: After at which time colonies were counted. The
selection of isolates in the in vitro assay, the intersect method was used to measure root
isolates were tested for their ability to col- length (15) and with a measurement of avonize the rhizosphere in nonsterilized soil erage root segment diameter, used to estiand to control nematode multiplication. A mate root surface area for calculation of
procedure has been developed in which cfu/cm 2 root. Data were subjected to analchlamydospores of the fungus are mixed ysis of variance.
with soil and added to pots infested with
Measurement of rhizosphere colonization:
root-knot nematodes in which tomato (Ly- The relationship between hyphal length
copersicon esculentum cv. Pixie) plants are and cfu on a range of plant species and
grown. Here, only the methods for assess- cultivars grown in sterile conditions was ining growth o f the fungus in the rhizo- vestigated. As described above, test tubes
sphere are discussed. Two tests were con- (15 x 2.5-cm-d) were half-filled with verducted in which four different isolates miculite, dampened, plugged with cotton,
were compared for their ability to grow on and autoclaved. Seeds were surface disin-
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fested in 7% CaOC1 for 45 minutes on a
shaker, rinsed, and placed aseptically on
seed-germinating medium (10 g glucose,
0.1 g each of yeast extract and peptone, 12
g agar/liter distilled water) at 25 C to check
for the d e v e l o p m e n t of contaminants;
plates were examined after 24-36 hours
when the seeds had germinated. Plugs of
V. chlamydosporium (4 mm x 2-mm-d) were
removed from the edges of colonies on
corn meal agar and pushed below the surface of the vermiculite and a sterile germinated seed was transferred to the tube. Six
tubes for each plant species or cultivar
were incubated at 25 C.
After 3 weeks, the plants in half the
tubes were removed, shaken free of vermiculite, and the roots stored in water with
a few drops of formaldehyde (40% w/v). A
length of root (5 cm) was stained with
aniline blue (6) and hyphal density estimated by a modification of the line intersect method (13). The remaining plants
were used to assess growth in the rhizosphere, as estimated from the numbers of
cfu, by the method described above. Data
were subjected to correlation analysis.
RESULTS

Screening for the ability to grow in the rhizosphere: In sterile conditions, few (<5%) isolates of V. chlamydosporium failed to spread
on the surface of barley roots (Table 1).
Most roots were > 10 cm in length, and ca.
45% of the isolates colonized >80% of the
TABLE 1.
Extent o f rhizosphere colonization of
barley cv. Triumph seedlings inoculated with different isolates of Verticillium chlamydosporium.
Colonization

(%)

Category
(% colonization)

No. of
isolates

Meant

SE

0-20
21-40
41-60
61-80
81-100

11
10
15
22
42

6
28
50
72
94

2.3
1.6
1.7
1.3

o.9

t Mean proportion of root segments colonized by the fungus within each category; estimated from two roots from each
plant and three replicate plants treated with each fungal isolate.

TABLE 2.
Differences in the proliferation o f four
isolates of Verticillium chlamydosporium on roots of tomato plants in soil.
Root colonization
Fungal isolate

10
33
40
98
Untreated control

Cfu × 10s

46.6
7.4
43.0
15.0
0
SED = 0.13

Loglo

1.66
0.90
1.61
1.07
0.00

Data are means of five replicates.

root surface. However, the test detected
only the presence or absence of the fungus
and was not able to distinguish differences
in the degree of colonization of different
fungal isolates.
Assessing growth in the rhizosphere: Isolates
differed (P < 0.001) in their ability to proliferate in the rhizosphere of tomato plants
g r o w n in soil infested with r o o t - k n o t
nematodes (Table 2). Isolates 10, 40, and
98 colonized >80% of root segments in the
in vitro test, but isolate 98 failed to proliferate in the rhizosphere in nonsterile soil.
Isolate 10 increased most (P < 0.001) in
the rhizosphere of tomato plants and least
in that of soybean (Table 3).
Measurement of rhizosphere colonization: In
the absence of nematodes, plants also differed (P < 0.001) in their ability to support
the proliferation of isolate 10 (Table 4). In
the sterile conditions of this test, the density of the fungus in the rhizosphere was
much greater than in the test in soil. Different cultivars of the same plant species
also differed in their ability to support the
fungus. There was a weak positive correlation (r = 0.55; P < 0.05) between estimates of colonization based on the numbers o f cfu and those based on hyphal
length.
DISCUSSION
The methods described above facilitated
screening of many different isolates of V.
chlamydosporium for their ability to colonize
plant rhizospheres and provided information on factors that influence the relative
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TABLE 3.
Differences in the proliferation of Verticillium chlamydosporium isolate 10 on the roots of different
plant species infested with Meloidogyne incognita.
Root colonization
Host species

Cfu x 102

Loglo cfu

Tomato Lycopersicon esculentum
Cabbage Brassica oleracea
Potato Solanum tuberosum
Tobacco Nicotiana tabacum
Pigeon pea Cajanus cajan
Pepper Capsicum annuum
Cotton Gossypium hirsutum
Sorghum Sorghum bicolor
Wheat Triticum vulgate
Soybean Glycine max
SED (P < 0.001)

236.9
189.9
87.8
42.6
34.8
29.3
22.2
19.0
15.6
13.8

2.37
2.18
1.93
1.62
1.40
1.33
1.13
1.24
1.18
1.15
0.16

Data are means of three replicates.

abundance of the fungus on roots. In practice, isolates that colonized <80% of the
root segment are not effective colonizers
of the rhizosphere in tests in field soil
(Kerry, unpubl.). Thus, by incorporating a
screen for rhizosphere colonization into
the selection procedure of potential biological control agents, it would be possible
to reject almost 50% of the isolates on this
criterion alone. Clearly, the plant has a significant effect on the colonization of the
rhizosphere in both sterile and nonsterile

conditions. This fungus is probably a weak
competitor in the rhizosphere and was
much more abundant on the surface of
sterile roots than on those grown in soil.
However, direct comparisons between different tests can be misleading because fungal colonization is affected by factors influencing plant growth such as light intensity
and the presence of nematodes in roots
(J. M. Bourne, unpubl.). T h e fungus is
more a b u n d a n t on roots infected with
root-knot nematodes (12), which affect

TABLE 4.
Relationship between estimates of the numbers of colony-forming units (cfu) and hyphal length
of Verticillium chlamydosporium on the roots of different plants after 3 weeks growth in sterile conditions in the
absence o f nematodes.
Root colonization
Plant

Cfu × 103/cllt2

Hyphal length
cm/cm2

Sunn h e m p Crotalaria spp.
Kale Brassica oleracea
Eggplant Solanum melongena
Tomato Lycopersicon esculentum CV. M82-1-8-VF
Onion Alli'um cepa
Cabbage Brassica oleracea
Maize Zea mays (cv. Phormia)
Tomato Lycopersicon esculentum (cv. Pixie)
Sorghum Sorghum bicolor
Melon CitruUus lanatus
Millet Pennisetum americanum
Pigeon pea Cajanus cajan
Soybean Glycine max
Maize Zea mays (cv. Katumani)
Bean P haseolus vulgaris
Okra Abelmoschus esculentus

155.5
37.3
33.7
17.5
11.2
8.9
7.9
3.7
3.6
2.6
1.4
1.4
0.4
0.3
O.2
0.1

35.5
31.5
2.6
11.0
25.5
22.5
11.0
7.0
3.0
5.5
10.0
0.1
3.1
11.0
1.0
1.0

Data are means of two replicates.
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root exudation and the supply of nutrients
in the rhizosphere (3). Although the selective medium enabled the isolation of the
fungus from soil, there was a relatively
poor correlation between estimates of hyphal growth measured by direct staining
and the numbers of cfu counted on dilution plates, presumably because there were
considerable differences in sporulation in
the rhizosphere of different plants species
or cuhivars. T o elucidate the relationship
between root exudation and the abundance of the fungus in the rhizosphere in
soil, there is a need for specific techniques
to differentiate sporulation from vegetative growth in situ. Estimates of the biotaass of V. chlamydosporium are not readily related to the numbers of cfu even in sterile
conditions (9), and the use of polyclonal
antibodies to study colonization has met
with limited success (1). Reporter genes
such as GUS (Escherichia coli [3-D-glucuronidase gene) have been used successfully
to study colonization of rhizosphere bacteria (2) and would allow transformed isolates of the fungus to be visualized on the
surface of roots in nonsterile conditions.
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