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Abstract

Erskine, W.; Bayaa, B. and Dholli, M. 1990, Effect of temypera ure and some media and biciic factors on the growth of Fusarium
oxysporum f.si. lentis and its mode of sced transmission. Arat: J.P1. Prot. 8(1): 37 - 34.

This study was conducted to determine the effects of some
factors, namely temperature (10,15, 76, 25 and 30°C) and
media (potato dextrose agar, lentii dextrose agar and
(Czapek), on the growth in vitro of “usarium oxysporum
f.sp. lentis in order to produce sufficient inoculum for the
development of a screening technique, as well as to clarify
such aspects of disease epidemiology as mode of seed trans-
mission and association with nematodes and antagonistic
bacteria.

The optimum temperature for fungal growth was 22°C.
Maximum mycelial growth and sporulation were obtained on

lentil dextrose agar. In vitro studies revealed an antagonistic
effect between the fungus and a Pseudomonas sp. isolated
from infected soil. The following nematode genera were
associated with wilt in the field: Ditylenchus dipsaci,
Aphelenchoides spp. Aphelenchus spp., Helicotylenchus
spp., Heterodera spp.. Meloidogyne spp., Pratylenchus spp.
and Tylenchorhynchus spp. with the former being the most
prevalent. The fungus was not present either in the endos-
perm or under the seed coat of seed from a crop showing wilt
symptoms.
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Introduction

Lentil (Lens culinaris Medic) is the most important food
legume in Syria. Its productivity is adversely affected by
vascular wilt caused by Fusarium oxysporum f.sp. lentis
(Vasudeva and Srinivasan) Gordon, the major pathogen of
lentil in Syria (2,6).

Since chemicals are ineffective in vascular wilt control, the
use of resistant varieties is the most efficient way to reduce
disease losses. Another suggested approach to disease con-
trol is through the manipulation of sowing date, which has
been found to affect wilt incidence (11,12). Changes in sow-
ing date radically alter the growing environment for the crop,
of which temperature is a primary component.

Some of the Fusarium wilts of field, vegetable and
ornamental crops are transmitted via seeds internally (1,16);
but the information concerning lentil wilt is scanty (7, 13).
Lentil wilt was first reported as seed-borne by Fleischmann
in 1937, but it is not known whether seed transmission
occurs internally or externally.

This study was conducted o determine the effects of some
factors (temperature, media and antagonistic bacteria) on
fungal growth in vitro, in order to produce sufficient inocu-
lum for the development of a screening technique, as well as
to clarify such aspects of disease epidemiology as mode of
seed transmission and association with nematodes.
Materials and Methods
Isolation of the fungus. Stem samples (4cm above the crown
region) were collected from lentil plants of the wilt-
susceptible cultivar ILL4605 showing wilt symptoms at Tel

Hadya, ICARDA farm, N. Syria in May 1987. Sampies were
surface-sterilized with chlorox (sodium hypochlorite 5.25%)
for 5 minutes and then washed many times with sterilized
waier. The end 0.5 cm of the stem samples were cut and
discarded with the remaining parts cut into ©.5 cm frag
menis, which were plated with one end inserted into tiie
suriace of potato dextrose agar in petri dishes and incubaied
at 20°C.

Mycelial growth on various media at different temperatu:+
A core (0.5cm diameter) covered with mycelial growth was
taken from the margin of an actively growing colony of the.
fungus and plated in the center of a petri dish (10 cm dia
meter) containing the following media:

1. Poiato Dextrose Agar (PDA).

PDA (Difco) 39g and Dextrose 20g were dissoived 1n dis-
tilled water and the volume made up to one iitze. The pH
was adjusted to 7.0 by NaOH 0.1N or HCL 0.IN as a
compromise between pH 5 - 6 generaiiy used for fungal
growth and pH 8 typical of soil used for lentil in Syric
The solution was sterilized at 120°C for 20 minutes anc
distributed into sterile plastic petri dishes.

2. Lentil Dextrose Agar (LDA):
Lentil seeds (65g) were boiled in water for 30 minutes,
pressed through cheese cloth to obtain the extract. to
which 20g dextrose and 20g agar were added. The volume
was made up to one litre, the pH adjusted to 7.0 and the
medium sterilized and distributed as above.
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3. Czapek medium:

The following were dissolved in distilled water and the

volume made up tc one litre: 1g KHPO., 2.9g NaNO;,

0.5g MgSO:. THx(3, 0.5g KCL, 0.1g Fex(SO4)s, 30g sucrose
and 20g agar (Difco). The pH was adjusted to 7.0 and the
medium was sterilized and distributed as above

Three dishes of each medium were incubated at each of
the temperature 10, 15, 20, 25 and 30°C with the exception
of PDA at 15 and 20°C. After 3,6 and 9 days cf incubation
colony diameter was measured and sperulation (production
of micro-conidia) was assessed microscopically.

The responses to temperature on LDA and Czapek media

were investigated with the second degree polynomial equa-
tion y=a+bx-+cx?(17). The goodness of fit of the mean of
the observed values over replicates to the curve was tested by
the coefficient of determination R?. The optimum tempera-
ture for fungal growth was first obtained by equating the first
partial derivative of the equation to zero.
Detection of fungus within seeds by microscopic examination
and planting on growth medium. Seeds were randomly
selected from the produce of a field sown with the suscepti-
ble cultivar IL1.4605, in which wilt symptoms had been
observed at Tel Hadya in 1987. It was not possible to collect
seed from plants exhibiting wilt symptoms because they were
all barren.

For microscopic examination, seeds (400) were soaked in
5% alkaiiie solution (50g NaOH, lg Trypan blue, and 11
distilled water) for 36 hours (9), transiered onto a screen,
rinszd with running tap water and scraped into a beaker
(15C ml). The seeds were coverec with Trypan Blue stain
(25 il iactic acid, 1.625 g Trypan Biue and 500 ml distilled
waizij and the beaker was heated siowly to allow the con-
ter:is to boil for 15 minutes. The seeds were emptied onto a
scicet, rinsed with running tap water, scraped into a bottle,
covered with water and then refrigerated until microscopic
examination. Two seeds were placed on a slide, a drop of
water added, and with a cover slip they were gently crushed
by fingertip. The slides were examined under the microscope
for the presence of fungal structuse in the seed coat and
within the endosperm.

To deiect the fungus within seeds, 400 seeds were surface
sterilized with chlorox (sodium hypochlorite 5%) for
5 minutes, rinsed in sterilized distilled water, plated on LDA
medium with 10 seeds per petri dish and incubated at 20°C
for a month.

Aatagonistic effect. The identification of the antagonistic
bacterium was based on its shape, gram reaction, motility
using hanging drop, gelatine liquification, pigment produc-
tion and the nature of its growth (3). The antagonistic effect
of the bacterium on F. oxysporum was estimated from the
inhibition zone of the Fusarium colony.

Collection and separation of nematodes from field soil. Soil
samples were collected from plots of lentil differing in wilt
syinptom incidence at Tel Hadya in May 1987.

From each plot a total of two kg soil irom 25 cm depth was

collected, sampling from three or more sites/plot. The nema-
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todes were separated from the soil using Baerman funnel and
sugar centrifugal flotation techniques (10).

Nematode identification was based on their morphology
and anatomy (stylet, stylet knobs, number of ovaries, vulva
position, tail shape and cephalic structure) (4, 8, 17).
Results
Eifect of different media and temperature on fungal growth.
The mean diameters of the fungal colonies after nine days
on LDA and Czapek incubated at 10, 15, 20, 25 and 30°C
and PDA incubated at 10,25 and 30°C are shown in Figure 1.
It is clear that growth on LDA was greater than on the other
two media at temperature of 20 - 30°C. Microscopic
observation revealed that the sporulation on LDA was high-
er than on the other two media, possibly due to the presence
of a growth stimulating substance(s) in the lentil seed.
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Figure 1. The effect of temperature on fungal growth measured by
colony diameter (mm) nine days after incubation on three growth
media (LDA e, PDA o, Czapek A). The response curves of the
quadratic equations for LDA and Czapek are drawn and tempera-
ture optima shown by arrows.

The response of fungal growth to temperature on LDA
medium was well described by the quadratic equation
y= —169.8 + 22.31x — 0.49x? as attested by the high coeffi-
cient of determination R?=0.86. The optimum temperature
for fungal growth was calculated as 22.6°C by the first de-
rivative of the quadratic equation. The maximum were also
calculated for earlier growth after 3 and 6 days and the best
temperature for fungal growth were both 22.3°C.

The response of fungal growth on Czapek to temperature
was also well described by a quadratic equation y= —96.8 +
13.55x — 0.303x* giving a coefficient of determination
R?=0.87. The optimum temperature for growth on this
medium was calculated as 22.4°C. In view of the low number
of temperature levels tested, it was mot appropriate to de-
scribe the response on PDA medium to temperature quadra-
tically.

Detection of fungus within seeds. Microscopic examination
of processed seed failed to detect fuhgal stucture in either the
seed coat or the endosperm of any of the 400 seeds ex-



amined. Surface-sterilized seeds plated onto LDA for a
month also did not produce any growth of Fusarium,
although the percentage of germination of the seeds was

about 60%.
Antagonistic effect. The antagonistic bacterium was identi-

fied as Pseudomonas sp. on the basis of its rod shape with
round ends, motile nature, gram negative reaction, negative
reaction to gelatine liquification and optimum temperature
around 25°C. On agar medium the colony was circular and
raised with an entire margin and a peripheral, fluorescent
zone; whereas on PDA the colony was thin, gray to brown in
color and slimy. The cultures emitted a disagreable odour.

The antagonistic effect of the Pseudomonas bacteria on
F. oxysporum was shown by a ratio of maximum to mini-
mum radii of the colony of 3.

Associated nematodes. Both separation techniques yielded
the following nematode genera: Ditylenchus dipsaci, Praty-
lenchus spp., Aphelenchus spp. Helicotylenchus spp., Tylen-
chorhynchus spp., Aphelenchoides spp. Meloidogyne spp.
and Heterodera spp. Although nematode counts were not
done, visual observation showed clearly that the most fre-
quently observed specieswas D. dipsaci and that the nema-
tode population increased with wilt incidence.

Discussion

In the vascular wilts of plants caused by Fusarium spp. the
optimum temperature for the pathogen is often close to that
favouring disease development (5). Thus, knowledge of the
effect of temperature on the growth of F. oxysporum contri-
butes to an understanding of disease epidemiology. Previous
research indicated that temperatures between 17 and 30°C
favour the disease on lentil (13). Our results are in general
agreement with this and show that the growth of
F. oxysporum f.sp. lentis is at its maximum at 22°C. The
optimum temperature was confirmed by the results on both
LDA and Czapek.

In Syria, symptoms of lentil wilt first appear in the field
during the reproductive stage of crop growth in April. The
late manifestation of disease symptoms in the field may be
because fungal growth is restricted prior to April by the
prevailing sub-optimal temperatures. The long-term average
temperatures at ICARDA, Tel Hadya, N. Syria are 7.8, 6.9,

8.2 and 10.8°C for December, January, February and
March, respectively, rising to 15.5°C for April and reaching
20.5°C in May. However, it is not certain that the relation is
as simple as it appears, and in some wilt diseases tempera-
ture affects the host and, probably, other soil organisms,
which influence the disease (5).

Sowing date is known to affect wilt incidence in many
cultivated plants including lentil (12,16). In Syria, late sow-
ing in February compared with normal sowing time (Decem-
ber) increased disease incidence from an average of 0.6%
wilted plants to 9.3% (11). The delayed sowing resulted in a
greater proportion of the growth cycle of the crop being at
optimum or near-optimum temperature for fungal growth
than the normal sowing. In India the converse was noted
with delayed sowing reducing disease incidence (12); this was
associated with low soil temperature in the period following
the late sowing dates of November 30 and December 15,
which may have saved the lentil from wilt.

This study found no evidence of the presence of
F. oxysporum inside seeds from an infected field. Thus, the
seed-borne nature of the disease is either via an external
contamination of the seed, possibly following threshing of

pods infected saprophytically by the fungus while in post-

harvest heaps in the field, or via trash such as infected stem,
soil, etc. which may carry high levels of the pathogen.

The use of microorganisms as biological control agents of
F. oxysporum on lentil has been studied (15). This research
showed an antagonistic effect of a Pseudomonas sp. isolated
from infected soil on F. oxysporum of lentil, a subject

worthy of further study.
The study revealed an association between wilt incidence

and the occurrenceof nematodes, which needs further quan-
titative investigation. Plants previously invaded by nema-
todes may predispose a host to infection by a secondary
pathogen either directly through increased pathogen
penetration following wounding by the primary parasite or
through increased metabolic leakage that might affect the
ratio of rhizosphere/rhizoplane microorganisms (14).
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