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saprophytes; however, some of its strains can be
phytopathogenic and even host specific [3]. F. oxysporum can
survive for long periods of time without the presence of the host,
particularly as thick-walled chlamydospores [4]. Fusarium spp.
causes diseases such as Fusarium root and crown rot, as well as
Fusarium wilt in tomato (Solanum lycopersicum). Currently,
these pathogens are causing extensive losses to the greenhouseand field-cultivated vegetable crops, resulting in major drops in
tomato yield [5]. Once a growing medium is contaminated by
the pathogen, spreading of the pathogen occurs via water, wind,
shoes and equipment [5]. The pathogen causes Fusarium wilt,
Fusarium crown and damping off diseases to tomato seedlings.
They can also cause stunting, yellowing and wilting, especially
during warmer temperatures [5]. The typical wilt symptoms
occur due to intense water stress, which mainly comes from
vessel clogging. Wilting is commonly caused by pathogen
activities, such as toxin production and accretion of fungal
mycelium [4].
Chemical control is widely used for management of tomato
diseases [6]. Chemical control involves the fumigation of soils
using methyl bromide, captafol, chloropicrin, and thiram,
among others [5]. But due to environmental issues, this
approach is not deemed suitable; thus, alternative strategies are
being explored, particularly biocontrol and use of resistant
cultivars [3]. The first resistant tomato cultivar “Tennessee red”
to fusarium wilt was released in 1912 [7]. Plant breeders in the
mid 1930‟s used hybridization to develop more resistant
varieties. Some modern cultivars have up to 12 altered disease
resistant genes, which all came from wild tomato species.
Breeding for multiple disease resistance typically involves
broad screening of diseases.
However, new resistant races of F. oxysporum of well-known
cultivated tomatoes have immerged over the years. This
explains the serious and persistent problem posed by Fusarium
wilt to tomatoes, regardless of the advancement in Fusarium
resistance breeding [8]. Currently, there is no tomato cultivar
that is sufficiently resistant against Fusarium wilt disease.
Furthermore, the increasing market for heirloom tomatoes
creates the need to assess heirloom cultivars‟ resistance to
Fusarium wilt [9]. Heirloom seeds are passed down from
generation to generation and can be traced back to the true
parents. They hold interesting genes and are genetically stable
making them useful to tomato breeders [10]. Therefore, the
objective of this study was to investigate the susceptibility of
different heirloom tomato cultivars to F. oxysporum.
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limited negative effects on plant growth, leaf discolouration and
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I. INTRODUCTION
Tomato (Solanum lycopersicum) is one of the most
consumed vegetables in the world and it plays an important role
in the human diet [1]. Tomato is ranked second among the most
cultivated plants in the horticultural industry. Heirloom
cultivars have an expanding niche market globally. Heirloom
tomato cultivars are old varieties that are between 50 – 100
years old. They are loved for their taste, colour and heritage.
However, heirloom tomatoes are often susceptible to pests and
pathogens, which cause substantial losses in tomato production
[2].
Fusarium oxysporum is a major disease causing organism in
tomato production; hence, various tomato cultivars are being
tested to identify cultivars with the most resistance to this
fungus. The fungus is widespread and occur in soils as
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II. MATERIALS AND METHODS

formulated at a concentration of 5g/5L. The plants were
maintained in the greenhouse under the following conditions: 25
± 2 °C, relative humidity of 70% RH.
The data on plant growth (height in cm), leaf colour and
disease severity were recorded at two weeks‟ post-treatment.
The plant height was measured from the surface of the medium
to the tip of the plant using a tape measure. Data on nitrogen
needs of experimental plants was recorded by observing the leaf
colour intensity on a scale of 1 – 4, corresponding to the leaf
colour chart (LCC) values [12]. The levels of the LCC ranged
from: LCC level 1 (Yellowish Green), LCC level 2 (Light
Green), LCC level 3 (Green), LCC level 4 (Dark Green). The
levels of disease severity, based on a scale of 1 – 5, was
recorded as previously described by Cai et al [13]: 1 - death, 2 severe wilting or stunting, 3 - moderate wilting or stunting, 4 slight wilting or stunting, 5 - No Symptom.

A. Plant Materials
Seeds of various tomato heirloom cultivars were used for this
investigation. The tomato cultivars were limited to only five
different types, namely: Floradade, Moneymaker, Roma, Red
Sweetie Cherry, and Large Red Cherry. The heirloom seeds
were sown in 50 jiffy pellets and seeds of each cultivar were
planted. The jiffy pellets were made from sphagnum peat
combined with lime and a special fertilizer, which acted as a
substrate.
B. Fungal Culture
Clean cultures of F. oxysporum that were previously isolated
from maize and are currently being maintained in the
Department of Horticulture Research Laboratory, CPUT, were
used. The fungus was cultured on a half strength selective
medium of Potato Dextrose Agar (PDA) which contained
0.04g/L of streptomycin and 0.02 g/L ampicillin. The media
was placed in 9 cm diameter Petri dishes and incubated at 26 °C
for a period of four weeks (28 days). Conidia were gently
scraped-off the surface of the petri dishes and suspended into a
500 ml beaker of sterile water containing 0.05% Tween 80. The
beaker was then placed on a magnetic mixer for 30 minutes at 20
°C and 300 rpm to homogenize the conidial suspension. A
haemocytometer and a light microscope at magnification 400X
were used to enumerate the conidia concentration of 1 x 10 6
conidia ml-1 [11].

D. Statistical Analysis
The experimental data for plant height, leaf colour and
disease severity were analysed using One-way ANOVA. The
means were separated using a post-hoc Turkey test. Graphs and
tables were compiled on Microsoft Excel 2018.
III. RESULTS
Generally, F. oxysporum affected plant growth in all
cultivars. However, besides Red Sweetie Cherry, significantly
lower plants heights were observed among the plants of the
other four cultivars (Floradade, Moneymaker, Roma, and Large
Red Cherry) compared to the corresponding control treatments
(Fig. 1). The highest suppression of growth in terms of height
were observed in Floradade and Moneymaker, which recorded
14.2 cm and 30 cm in fungus treated plants compared to their
corresponding control counterparts 27.6 cm and 41 cm,
respectively.

C. Experimental Procedures
The experiment was carried out in the glasshouse, of the
Department of Horticultural Sciences, Bellville campus, CPUT.
This experiment was based on a randomised block design. The
plants were randomly selected and allocated into two
treatments: a test treatment whereby plants were inoculated with
a fungal suspension at the concentration of 1 x 106 conidia ml-1
in 0.05% Tween 80 and a control treatment where the plants
were served with sterilized water mixed with 0.05% Tween 80.
To inoculate, plants (n=50) were randomly selected at 10 – 12
weeks old, where plants (n=5) of each cultivar (Floradade,
Moneymaker, Roma, Red Sweetie Cherry, Large Red Cherry)
roots were individually submerged in a conidial suspension at a
concentration of 1 x 106 conidia ml-1 for 24 hours. The 25
control plants‟ roots were submerged in sterilized water mixed
with 0.05% of Tween 80. The 50 plants were transplanted into
pots containing a substrate mix of equal parts potting soil,
sphagnum peat moss, perlite and compost. The experimental
plants were drenched every second day with the 100 ml of the
conidial suspension or control (0.05% of Tween 80). In
addition, a hydroponics fertilizer (Nutrifeed) (Starke Ayres Pty
Ltd, Cape Town) was added as a soil drench to enhance plant
growth. The fertilizer contained the following ingredients: N
(65000 mg kg−1), P (27000 mg kg−1), K (130000 mg kg−1), Ca
(70 mg kg−1), Cu (20 mg kg−1), Fe (1500 mg kg−1), Mo (10 mg
kg−1), Mg (22 mg kg−1), Mn (240 mg kg−1), S (75 mg kg−1), B
(240 mg kg−1) and Zn (240 mg kg−1). The nutrient solution was
https://doi.org/10.17758/EARES10.EAP1120116

Fig. 1. Mean plant height (cm) of various tomato cultivars after experimental
infection with F. oxysporum. Means with the lower case letter „a‟ are not
significantly different and means with the lower case letter „b‟ are significantly
different in terms of the mean value (P≤0.05).

Similarly, there were significant differences (P≤0.05) in
tomato cultivar‟s leaf colour (Floradade, Moneymaker, Roma
and Large Red Cherry), whereas Red Sweetie Cherry cultivar
presented no significant difference (P≥0.05) with only minor
changes in leaf colour – Fig. 2.
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(A)

Fig. 2. Mean level of leaf colour based on LCC of various tomato cultivars after
infection. Means with the same lower case letter are not significantly different
between control- and fungus-treated plants at P≤0.05. (1= Yellowish Green, 2=
Light green, 3= Green, 4= Dark Green)

(B)

Fig. 3. A) Plant submerged in conidial suspension showing leaves are starting
to wilt, B) plant leaves with blight and discoloration symptoms caused by F.
oxysporum from 7 days‟ post-treatment.

IV. DISCUSSION
On the level of wilt severity, Floradade cultivar was the most
significantly affected, having a mean severity scale of 2.6, while
the Red Sweetie Cherry, with 4.6, was the least affected by the
F. oxysporum. The overall difference in diseases severity was
statistically significant when fungus treated plants of the
different cultivars were compared (P=0.003; df= 4, 20; F=5.5)
see Table I.

This study confirmed that susceptibility of heirloom tomatoes
to F. oxysporum varied among cultivars and revealed that
Floradade was the most susceptible cultivar while Red Sweetie
Cherry was the most resistant cultivar. Exposure of plants to F.
oxysporum led to decreases in plant height as well as observable
change in colour in all cultivars of tomatoes. However, of the
five cultivars tested, Red Sweetie Cherry was the only cultivar
whose growth was not significantly affected by the fungus.
Interestingly, Red Sweetie Cherry recorded the least wilt
severity when cultivated in the presence of the fungus compared
to the other cultivars.
The wilt symptoms, generally, occur in the plants because of
incursion and obstruction of discrete zones of the vascular tissue
by the fungus [5]. F. oxysporum is one the most damaging
diseases of tomato plants, where the fungus settles in the host
plant and causes breakdown and blockage of the xylem which
leads to disease symptoms [14].
In the present study, Floradade cultivar was the most
susceptible to the fungus, whereas Red Sweetie Cherry was
most resistant to the fungus infection. Previous studies have
reported variations of resistance and/or susceptibility of
cultivars of tomatoes to Fusarium oxysporum [15-17]. Bonny
Best cultivar was completely susceptible while Marglobe and
Rutgers cultivars of tomato were resistance to the F. oxysporum
[15]. Fusaric acid toxin produced by the F. oxysporum is known
to cause wilt disease in tomato crop [18]. Future studies should
analyse the content of fusaric acid, secondary metabolites and
protein contents in the different cultivars of tomatoes to better
understand the physiological responses of cultivars to the
pathogens.

TABLE I: STATISTICAL ANALYSIS OF SEVERITY OF DISEASE ON TOMATO
CULTIVARS

Mean

Standard
dF
P(T<=t)
Error
two-tail
Floradade
C
4.8
0.2
8
0.0001
I
2.6
0.2
Moneymaker
C
4.8
0.2
8
0.008
I
3.8
0.2
Roma
C
4.8
0.2
8
0.014
I
3.4
0.4
Red Sweetie
C
4.8
0.2
8
0.545
Cherry
I
4.6
0.2
Large Red
C
4.8
0.2
8
0.014
Cherry
I
3.4
0.4
*Disease severity: 1 = Death; 2 = Severe Wilting or Stunting; 3 = Moderate
Wilting or Stunting; 4 = Slight Wilting or Stunting; 5 = No Symptom; C=
control; I= infected

Regarding the average level of disease severity, (Table I)
there were significant differences of tomato cultivars
(Floradade, Moneymaker, Roma and Large Red Cherry). Wilt,
blight and discoloration shown in Figure 3 are some of the
symptoms observed in this study

V. CONCLUSION
In this study, Red Sweetie Cherry cultivar was the most
effective against the pathogen and could be an important source
of resistant genes against the fungus.
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