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Dual culture of muskmelon callus and vascular pathogen Fusarium oxysporum f. sp. melonis
was established using resistant and susceptible cultivars with a view to study if the parenchy-
matous cortex region plays any role in governing the initial establishment of this pathogen in
the two genotypes. Callus of resistant cultivar Arka Jeet displayed similar extent but more
intense mycelial growth compared with the susceptible cv. Monoecious-3. Conversely, Monoe-
cious-3 showed significantly more conidia production, delayed or less chlamydospore forma-
tion and higher proportion of macroconidia compared with Arka Jeet. Similar results were
obtained with the genotype pair Kakri (resistant) and Lucknow Safeda (susceptible). Low conidia
production and higher chlamydospore formation on the callus of resistant cultivars were sug-
gestive that the parenchymatous cortex plays a role in governing initial penetration and ingress
of the pathogen to the vascular tissue. The fungus could be kept in virulent form on host callus
tissue for at least one year suggesting the usefulness of the technique for long-term preserva-
tion of this facultative vascular pathogen.
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INTRODUCTION

Fusarium oxysporum f. sp. melonis is a devastat-
ing wilt inciting pathogen of muskmelon (Cucumis
melo L.) in the major growing areas of the crop
(Mas et al., 1981; Palodhi and Sen, 1991; Thomas
et al., 1996a; Zink et al., 1990). Unlike most other
necrotic pathogens, F. oxysporum targets an or-
ganized tissue viz. vascular system, causing physi-
cal blockage in the xylem coupled with toxin and
other metabolite production (Beckman and Rob-
erts, 1995). Evidence in different crops suggests
that the host resistance mechanism is centered on
the vascular stele, restricting the invader outside
the vessels while susceptible ones show extensive
vascular colonization (Tessier et al., 1990; Gordon
et al., 1990). Whether cortex, the parenchymatous
tissue lying between the root surface and the stele,
which the pathogen needs to traverse to reach the
vascular stele, has any role in governing resistance
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is not clearly understood. Most of the studies on
unraveling the mechanism of resistance involved
wounding of root or stem (Gordon et al., 1990;
Beckman and Roberts, 1995) thereby excluding the
host root cortex region.

Dual culture of callus and pathogen, one of the
techniques for studying host- pathogen interaction
(Miller et al., 1984; Joshi et al., 1988; Griffith and
Hedger, 1994; Nath et al., 2001; Burger et al., 2003)
provides an experimental system similar to the par-
enchymatous cortex under controlled conditions
uninfluenced by the environment. The resistance
reaction of muskmelon to |F. oxysporum f. sp.
melonis is known to be modified by temperature
(Thomas et al., 1996b). Further, isolates of F.
oxysporum are known to lose their virulence when
cultured continuously on nutrient medium, thus
warranting intermittent inoculation of host plants and
re-isolation. Tissue cultures are useful for maintain-
ing pure cultures of obligate pathogens in active
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form (Ingram, 1980). The present study has been
undertaken with the objectives of examining whether
parenchymatous cortex in muskmelon plays any
role in conferring resistance to F. oxysporum f. sp.
melonis employing callus cultures and to explore
the possibility of using the dual cultures for long-
term storage of this necrotic pathogen in virulent
form.

MATERIALS AND METHODS
Callus and fungal cultures

The studies were carried out using muskmelon
(Cucumis melo L.) genotypes that are resistant (R;
Arka Jeet, Kakri) or susceptible (S; Monoecious-3
and Lucknow Safeda) to F. oxysporumf. sp. melonis
(Thomas et al., 1994; 1996b). Aseptic seedlings
were raised on Murashige and Skoog (1962; MS)
basal medium using surface sterilized seeds. The
hypocotyl was excised to 1 cm (approx.) segments
and were cultured in tubes (150 x 25 mm) on agar
(8 g I'") gelled medium comprising of MS constitu-
ents (pH 5.8), 1 mg I naphthalene acetic acid, 0.5
mg I kinetin and 30 g I'' sucrose. This medium was
identified to give uniform friable callus from hypo-
cotyl of different genotypes (Thomas, 1989). The
cultures were incubated at 26+2°C under 16 h pho-
toperiod (30-40 HE m?sec') provided by cool-white
fluorescent tubes. The callus was maintained with
bimonthly subculturing to fresh medium under iden-
tical conditions. The fungus culture, supplied by the
Vegetable Pathology Laboratory, Indian Agricultural
Research Institute, New Delhi, was maintained on
potato-dextrose-agar (PDA) medium in test-tube
slants with fortnightly subculturing.

Inoculation of callus

The callus in tubes two months after previous sub-
culturing was inoculated at the centre by transfer-
ring bits of fungal mycelia from 7-day old PDA slants
using an inoculation needle. Based on the obser-
vation of variable colonization on different replicate
units irrespective of the resistant or susceptible
genotype, inoculation with conidial spores was at-
tempted. Spore suspension was prepared by add-
ing 5 ml sterile distilled water to 7-day old slants
and washing the same with a fine sterile brush.
Mycelial pieces were strained through double-lay-
ered cheese-cloth and the spore density was de-
termined using a haemocytometer. The suspension
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was diluted in sterile distilled water so as to contain
10, 25, 50 or 100 spores per 50 pl (one drop) and
each callus was inoculated at the center with 50 pl
samples while the control tubes were provided with
50 ul sterile water.

inoculation of nutrient deprived callus

The studies were carried out initially using Arka Jeet
(R) and Monoecious-3 (S) genotypes. In order to
ensure that the resistant genotype used in the study
were truly resistant, an artificial screening employ-
ing seed inoculation (Thomas et al.,, 1994) was
conducted at 26+2°C. Callus was initiated from 4
week old healthy seedlings of Arka Jeet or patho-
gen non-challenged seedlings of Monoecious-3.
The hypocotyls from the above in vivo seedlings
were thoroughly washed and surface sterilized for
8 min using 0.05% HgCl, containing two drops of
Tween 20 per 100 mi. After six rinses in sterile dis-
tilled water, the hypocotyl was excised to 1 cm
(approx.) segments and they were cultured on cal-
lusing medium as earlier.

The callus derived from clean cultures was main-
tained with bimonthly subculturing to 50 ml medium
in culture bottles (110 mm height x 60 mm diam-
eter). About 5 g of friable callus of Arka Jeet or
Monoecious-3 from the upper part of stock cultures
that was not in direct contact with the medium was
transferred to sterile culture tubes (150 x 25 mm)
8 weeks after previous subculturing. The surface
was made even using a sterile glass rod and the
tissue was starved of nutrients for 3 days. The cal-
lus.was inoculated at the centre with 25 spores in
50 pl water as above. There were 20 replicate tubes
for each genotype while 10 uninoculated tubes
served as control. The dual cultures were incubated
at 26+£2°C under continuous darkness and ob-
served for the following:

i. extent of necrotic reaction or discoloration in
comparison to uninoculated control

ii. time taken for the first visible mycelia growth

iii. (a) area covered by the mycelia and (b) the
intensity of mycelia growth on callus, at 3 day
interval for 15 days employing the following

scale:
Score (a) Area-wise description (b) Intensity-wise
description
1 Mycelial growth just visible Mycelial growth just
visible
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< 25% surface area covered
25-50% surface area covered
50-100% surface area covered
growth extending downward

low intensity
medium intensity
high intensity
profuse growth

o oW N

The area-wise scoring represented the horizontal
spread of mycelia on the surface of callus while
the intensity-wise description represented the ver-
tical growth as observed through the tube wall.

iv. In the next experiment, extent of sporulation
(asexual spores including both micro- and
macroconidia) and the production of
chlamydospores were assessed employing 20
replicate tubes per genotype. This was done by
drawing 2 g inoculated callus from the top and
dispersing it thoroughly in 4 ml sterile distilled water
(2 drops of Tween-20 per 100 ml) using a glass
rod, and determining spore density employing a
haemocytometer. Observations were made at 3 days
interval up to 15 days using four replicates tubes
per day and five observations per sample, thus
giving 20 replicate counts per genotype per day.
The experiment was repeated once.

The study using nutrient-deprived callus was ex-
tended to the genotype pair Kakri (R) and Lucknow
Safeda (S).

Use of callus culture for long-term storage of
pathogen

The dual culture of Arka Jeet was kept under
ambient conditions to test their usefulness for long-
term preservation and maintenance of fungus in
virulent form without subculturing. The revival was
tested at 3, 6 and 12 months from original
inoculation of callus by streaking on PDA slants and
the pathogenicity was tested on Monoecious-3 by
seed inoculation (Thomas et al., 1994). Cultures
maintained on PDA slants by subculturing at
fortnightly intervals served as the check. Virulence
was assessed based on the time taken for first
symptom expression and the per cent mortality 4
weeks after inoculation.

Statistical analysis

The experiments were laid out in completely ran-
domized design with two treatments and 20 repli-
cate tubes per genotype. The data comparing R
and S genotypes were analyzed employing t- test
for each sampling day. Area and intensity scores
were subjected to square root transformation while
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the spore counts were log-transformed before statisti-
cal analysis.

RESULTS AND DISCUSSION

Colonization of callus in presence of nutrient
medium

In the initial trial employing resistant and suscep-
tible genotypes, erratic mycelial growth on callus
was encountered within one genotype and it was
not possible to distinguish between R and S geno-
types. Both the texture of callus and the presence
of medium below influenced the mycelia growth. The
firmer the callus, the slower was the rate of myce-
lial growth while friable or thinner the callus, faster
was the colonization. Cross section of inoculated
callus revealed that the rate and extent of coloni-
zation on the surface was determined by the time
taken by the hyphae to reach the nutrient medium
traversing the cell layers. While inoculating with ster-
ile loop, there was a possibility of variable inocu-
lum per callus. The use of spore suspension could
overcome such problem. Application of 10 or 25
spores per callus appeared better than 50 or 100
spores allowing slower colonization.

Fungal growth on nutrient deprived callus

In the screening comparing Arka Jeet and Monoe-
cious-3 using nutrient starved callus, no apparent
necrotic response was seen on the inoculated sets
compared with non-inoculated control as was re-
ported in incompatible combinations of
Phytophthora spp. and callus tissue (Miller et al.,
1984) and there was no visible difference between
the R and S genotypes. Mycelia appeared in 2 days
on Arka Jeet callus and in 3-4 days in Monoecious-
3. Both the genotypes showed more mycelial growth
with the passage of time. Throughout the 15 day
period, area-wise score appeared comparable for
both the genotypes (P > 0.05 for all days; Figure
1a) while Arka Jeet showed more intense growth
compared with Monoecious-3 (P < 0.05 days 6, 9,
12 and 15). Similar results were obtained with the
genotype pair Kakri and Lucknow Safeda (Figure
1b). The mycelial growth declined after 2 weeks
due to dehydration and exhaustion of callus. The
results appeared consistent in the repeat experi-
ment.

The count of conidia was significantly low in the
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tissue suspension prepared from Arka Jeet callus
compared with Monoecious-3 throughout the 15
days period (P < 0.05 for all days; Table 1) and
similar,results were obtained with the Kakri -
Lucknow Safeda pair. Other studies employing dual
culture of necrotic fungus and host callus reported
slower or less extensive colonization of the resis-
tant plant than susceptible host (Helgeson et al.
1976; Miller et al., 1984). The callus from resistant
genotypes in the present study showed similar or
relatively more mycelial growth than the suscep-
tible types while the sporulation was significantly
less. In whole plant systems, sporulation is known
to occur in resistant cultivars but this is very low
compared to susceptible cultivars while mycelial
growth may be similar (Bell and Mace, 1981).

Chlamydospores could be observed from day 3 in
Arka Jeet while they were not seen until day 6 in
Monoecious-3. Arka Jeet showed more chlamy-
dospores with time with the difference between the
genotypes significant on days 6 and 9. Consistent
results were obtained in the repeat trial except that
the appearance of chlamydospores was delayed
to day 9 in Arka Jeet and day 15 in Monoecious-3.
Kakri showed significantly higher chlamydospore
production than Lucknow Safeda throughout the
period of study (Table 1). The earlier and higher
production of chlamydospores in Arka Jeet and
Kakri compared to susceptible Monoecious-3 or
Lucknow Safeda was another indication of an

O Arka Jeet (R ® Monoecious-3 (S

L1

Days after moculatlon

Area score
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0O = N W A O

Intensity score

6 9 12 15

Days after inoculation
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unfavourable environment encountered by the
pathogen in the resistant genotypes, inducing it to
produce the resting spore which can survive ad-
verse environments (Nelson, 1981).

The observations in this study were suggestive that
the parenchymatous cortex plays some role in gov-
erning the movement of £ oxysporum from root
epidermis to the vascular tissue. Accelerated symp-
tom development in cut stem or cut root inocula-
tions compared to root-dip inoculated tomato and
peas (Bishop and Cooper, 1983) also suggested
that cortex has some role in resisting initial patho-
gen penetration and ingress to vascular tissue. The
results also indicated the scope of using dual cul-
tures for basic studies such as the biochemical
changes associated with infection unaffected by en-
vironmental conditions. Resistance reaction of
muskmelon genotypes to £ oxysporum is signifi-
cantly influenced by environmental factors such as
low temperature (Thomas et al., 1994; 1995) and
light intensity (Burger et al., 2003).

It was essential that uniform type of tissue, whether
firm or friable, be used in both resistant and sus-
ceptible genotypes. The hormonal regime, explant
source and genotype could alter the texture of the
callus which in turn could modify the response to
the pathogen (Thomas, 1989). The more intense
mycelial growth in Arka Jeet could be due to softer
texture of callus compared with Monoecious-3. It

0O Kakri (R) m Lucknow Safeda (S)

Ll
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4
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2

Intensity score

Days after inoculation

Fig. 1. Extent of colonization by fungal mycelia on muskmelon callus based on the area (a) or intensity of mycelia growth (b) in the
resistant (R)-susceptible (S) genotype combinations Arka Jeet and Monoecious-3 (leff), and Kakri and Lucknow Safeda (right) recorded
on different days after inoculation with Fusarium oxysporum f. sp. melonis. (Bars indicate standard error).
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was essential that the callus be removed from the
nutrient medium and relatively low inoculum (25
spores / callus) be employed to obtain the differ-
ential response.

An opposite trend between mycelial growth and
sporulation was noticed in this study in that the cul-
tures with more intense mycelia growth often
showed less conidia production. Similar results
were obtained with the F. oxysporum f. sp. melonis
culture grown on PDA supplemented with yeast
extract (10 g I') leading to faint mycelia growth and
a four folds increase in spore production over regu-
lar PDA (Thomas, 1989). The resistant genotypes
showed delayed appearance and lower proportion
of macroconidia compared with the respective sus-
ceptible check (Figure 2a, b). The significance of
this observation remains to be elucidated.

Use of callus for long-term storage of pathogen
The inoculated callus, irrespective of genotype, was
reduced to a small dry mass within 3 months owing

to nutrient consumption by the fungus and tissue

O Arka Jeet ® Monoecious-3
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Macroconidia (%)
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age of pure cultures of obligate pathogens (Ingram,
1980) where the tissue should remain healthy to
support their growth. F. oxysporum can survive on
crop debris for long periods. Callus cultures in the
present study maintained the pathogen in virulent
form for long periods without the need for sub-cul-
turing. This approach helps in long-term storage
of various accessions of fungi with minimum chance
for cross contamination losses, variation in culture,
loss of virulence on artificial medium besides sav-
ing manpower and other resources.

In conclusion, the callus of F. oxysporum f. sp.
melonis resistant genotypes displayed low conidia
production and early chlamydospore production
suggesting a possible role of cortex in determining
the early events associated with infection and sub-
sequent hyphal movement to the vascular stele.
The dual culture system is useful for long-term pres-
ervation of pure fungal cultures in virulent form and
offers scope for studying the mechanism of host
resistance under controlled conditions.

b 0 Kakri m Lucknow Safeda
100

- 80
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s 60
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Days after inoculation

Fig. 2. The proportion of macroconidia to total conidia (micro + macro-conidia) production in the callus of resistant-susceptible musk-
melon genotype combinations Arka Jeet and Monoecious-3 (a) and Kakri and Lucknow Safeda (b) recorded on different days after

inoculation with Fusarium oxysporum f. sp. melonis.

dehydration. The fungus was retrieved from the
dry callus after 3, 6 and 12 months. These cultures
showed virulence comparable to or better than the
original cultures. Using culture retrieved from callus
after 12 months, first symptom of seedling drooping
in Monoecious-3 was observed by fourth day after
emergence followed by complete seedling mortality
by 2 weeks. The PDA maintained cultures showed
slightly delayed symptoms but per cent mortality 4
weeks after planting was comparable to the former.

Callus cultures have been employed for the stor-
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