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Soil Drench with Fungicides Alternatives Against Root
Rot Incidence of Some Vegetables Under
Greenhouse Conditions
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Abstract Soil drench with furfural, Humic & Folic acid and/or bio-agents treatments were evaluated against root rot
incidence of Cucumber, Cantaloupe, Tomato and Pepper in pot experiments. The pathogenic fungi, Fusarium solani, F.
oxysporum, Rhizoctonia solani, Sclerotium rolfsii, Sclerotinia sclerotiorum, S. minor, Macrophomina phaseolina, Alternaria
solani and Pythium sp. As well as bio-agents, T. harzianum, T. viride, Bacillus subtilis and Pseudomonas fluorescens were
used in this study. The obtained results revealed the efficacy of applied some of plant resistance inducers and/or bio-agents as
soil drench against tested vegetables root diseases incidence at both pre-, and post-emergence growth stages comparing with
untreated control. Applied treatments of the bio-agents in combination with the tested chemicals resulted in higher significant
reduction in root rot incidence than each of them alone. Treatments of 7. harzianum either alone or combined with chemicals
were superior for reducing root rot disease for all tested vegetable plants followed by B. subtilis treatments comparing with
the other tested ones. More detailed studies are required to elucidate formulations of antagonists and alternative fungicides for

more successful protection against such soil-borne diseases.
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1. Introduction

Vegetable crops are grown and consumed worldwide and
leafy vegetables and fruits in particular provide a source of
nutrients and fibre in the human diet. These crops might be
consumed fresh or after processing and are produced either
on farms with conventional or organic agricultural produc-
tion methods, or under intensively managed environmentally
controlled glasshouses. These vegetable crops are not spared
from destruction by fungal pathogens, which infect roots,
stems, leaves, flowers and fruits. The challenges for pro-
ducers in managing these diseases are ever-increasing, as
consumer demand for year-round production of fresh vege-
tables with reduced or no pesticide residues continues to
grow. Concerns over the potential impact of disease man-
agement practices including the use of fungicides on the
environment or on consumer health have prompted produc-

ers to examine alternative methods to combat fungal diseases.

There is a growing need to develop alternative approaches
for controlling plant diseases. Root and stem rot diseases
caused by pathogens which survive in soil are responsible for
serious losses in vegetables crop yield, e.g. Tomato[1], Can-
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taloupe[2] and Pepper[3] It was also, recorded that[4] Fusa-
rium stem and root rot of cucumber was observed at four
commercial greenhouses in Leamington, Ontario, Canada
causing losses of 25-35%.

Present research focuses on finding compounds that are
safe to human and environment. An alternative to pesticide
application is that, it may be possible to utilize a scheme of
inducible plant defences which may provide protection
against a broad spectrum of disease-causing pathogenic
microorganisms. Furfural [2-Furancarboxaldehyde] is a
naturally occurring compound, present in some essential
oils and in foods such as bread, baked products, and coffee.
It is prepared industrially by treatment with hot sulphuric
acid of pentosans contained in agricultural residues, such as
cereal straw, brains, and sugarcane bagasse. Furfural is a
new pesticide active ingredient intended for the use as a
fumigant to control root infesting plant parasitic nematodes
and fungal plant diseases. The technical formulation (Fur-
fural Technical) contains 99.7% furfural and is for the use
in formulating end-use products and is applied to growing
media and/or soils in greenhouses and field. Also, [5] re-
ported that most of drip irrigation treatments reduced popu-
lations of Pythium ultimum and F. oxysporum and increased
stem height compared with the non treated controls.
Metham sodium, furfural + metham sodium, sodium azide,
and chloropicrin significantly reduced the incidence of Lat-
eris stem rot caused by Sclerotinia sclerotiorum. One the
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other hand, Humic acid can be applied successfully in many
areas of plant production as a plant growth stimulant or soil
conditioner for enhancing natural resistance against plant
diseases and pests[6,7], stimulation plant growth through
increased cell division, as well as optimized uptake of nu-
trients and water and stimulated the soil microorganisms
[8,9]. Several reports indicated the efficiency of Humic acid
in reducing some plant diseases. In this respect, [7] reported
that the most effective treatments for suppression gray mould
disease caused by Botrytis cinerea in Geranium plants was
compost tea plus kelp extract and HA. Moreover, root rot
disease, caused by soilborne pathogenic fungi including
Pythium spp., Rhizoctonia spp., Sclerotinia spp. and Fusa-
rium spp. cause widespread, serious economic loss both in
greenhouse and field production systems under conditions
favourable for disease development. Several studies have
shown that some biological control agents (BCAs) such as
Trichoderma spp. can reduce the incidence of root diseases
caused by soilborne pathogenic fungi[10]. Trichoderma
viride is known for its mycoparasitic and antagonistic
mechanism for the control of fungal disease. Trichoderma
harzianum is a fungal biocontrol agent that attacks a range of
pathogenic fungi. Trichoderma harzianum alone or in com-
bination with other Trichoderma species can be used in the
biological control of several plant diseases[11-13]. Also, the
fluorescent Pseudomonas strains BS8651 and BS8661 re-
duced damping off of cucumber seedlings caused by Py-
thium ultimum both following soil drench or seed treat-
ment[14]. Also, soil drench with Pseudomonas fluorescens
and Bacillus spp. had the highest effect in reducing the
Fusarium wilt of onion caused by Fusarium oxesporum[15].

The objective of the present study was aimed to investi-
gate the efficacy of introduced different fungal, bacterial
bio-agents and/or furfural, Humic & Folic acid (mixture) as
pre-planting approach to the cultivated soil against root rot
disease incidence under greenhouse conditions.

2. Materials and Methods

2.1. Plant Materials

Seeds of Cucumber (cv. Alpha), Cantaloupe (cv. Yatherb
7), Tomato (cv. Castel Rock) and Pepper (cv. California)
were used in the present study.

2.2. Fungicides Alternatives

Furfural and Humic & Folic acid (mixture) were obtained
from El-Nasr Company for chemical industry, Egypt.

2.3. Pathogenic Fungi

The tested soilborne pathogenic fungi were Alternaria
solani Fusarium solani, F. oxysporum, Rhizoctonia solani,
Sclerotium rolfsii, Macrophomina phaseolina and Pythium
sp. These fungi were isolated from various vegetables, i.e.
Cucumber, Cantaloupe, Tomato and Pepper grown in plastic
houses under protected cultivation system and showing root

rot and or damping-off disease symptoms[16].
The isolated fungi proved their aggressive ability to in-
duce root rot disease of those vegetables.

2.4. Bio-agents

The tested antagonistic fungi were Trichoderma har-
zianum, T. Viride and Bacillus subtilis and Pseudomonas
fluorescens. These antagonists were isolated from cucumber,
cantaloupe, tomato and pepper grown in plastic houses under
protected cultivation systems and showing root rot disease
symptoms[16]. The present bio-agents proved their antago-
nistic ability against the above mentioned pathogens under in
vitro conditions.

2.5. Greenhouse Experiments

Evaluation of introduced different fungal, bacterial
bio-agents and/or furfural, Humic & Folic acid (mixture) as
pre-planting approach to the cultivated soil against root rot
disease incidence under artificial infestation with vegetables
root rot causal organisms was performed in pot experiments
under greenhouse conditions of Plant Pathology Dept., Na-
tional Research Centre, Egypt.

For root rot disease evaluation, experiments were carried
out in a sandy loam soil artificially infested with root rot
pathogens inocula. Inocula of pathogenic fungi, Alternaria
solani Fusarium solani, F. oxysporum, Rhizoctonia solani,
Sclerotium rolfsii, Macrophomina phaseolina and Pythium
sp. were individually grown on autoclaved sand barlly me-
dium (1:1,v:v + 40% water) for two weeks at 25+1°C[17].
The fungal inocula were then mixed together to obtain a
mixture contains equal share of tested pathogens. Soil in-
festation was carried out through amended with a mixture of
root rot pathogens inocula (5% w:w) after[18], then mixed
thoroughly to ensure equal distribution of pathogenic fungal
inocula. Infested soil was then filled in plastic pots (30-cm-
diameter) and irrigated every second day for 1 week before
sowing.

Evaluating the efficacy of different plant resistance in-
ducers, i.e. Furfural, Humic & Folic acids (as a mixture)
and/or bio-agents, i.e. T. harzianum, T. viride, B. subtilis and
P. fluorescens against root infection were applied as soil
drench treatment as follows:

e Furfural at the rate of 5% (50ml/L).

e Furfural (5%) + T. harzianum (2x10*cfu/mL).

e Furfural (5%) + T. viride (2x10*cfu/mL).

e Furfural (5%) + B. subtilis (2x10*cfu/mL).

e Furfural (5%) + P. fluorescens (2x10*cfu/mL).

e A mixture of Humic & Folic acid 0.2% (2ml/L).

o A mixture of Humic & Folic acid (0.2%) + T. harzianum

(2x10%cfu/mL).

e A mixture of Humic & Folic acid (0.2%) + T. viride
(2x10%cfu/mL).

e A mixture of Humic & Folic acid (0.2%) + B. subtilis
(2x10%cfu/mL).

e A mixture of Humic & Folic acid (0.2%) + P. fluores-
cens (2x10*cfu/mL).
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o T. harzianum (2x10*cfu/mL).

o B. subtilis (2x10*cfu/mL).

o 7. viride (2x10*cfu/mL).

e P. fluorescens (2x10*cfu/mL).

e Untreated control

For soil drench application, previously infested soil were
re-infested at a ratio of 5% (w:w) with antagonistic fungal
cultures or with bacterial cell suspension at the rate of 50
mL/kg soil. The tested chemicals were applied as soil irri-
gation at the rate of one liter/2Kg soil. The drenched soil was
irrigated every second day for 1 week before sowing.

Seeds of Cucumber, Cantaloupe, Tomato and Pepper
were surface sterilized (using 3% sodium hypochlorite for 5
min, then picked up and air-dried), then sown as three seeds

Table 1. 1
soil-borne pathogenic fungi under open greenhouse conditions

per pot, five pots per replicates in each treatment. Another set
of soil amended only with a mixture of root rot pathogens
(5% w:w) and sown with surface sterilized seeds was kept as
control check treatment. The average percentage of root rot
incidence at the pre- and post-emergence of growth stages
was recorded up to 15 and 45 days of sowing date, respec-
tively.
Statistical analysis

All experiments were set up in a complete randomized
design. One-way ANOVA was used to analyze differences
between applied treatments and disease incidence. A general
linear model option of the analysis system SAS[18] was used
to perform the ANOVA. Duncan’s multiple range test at P <
0.05 level was used for means separation[19].

Effect of applying antagonistic bio-agents and chemical inducers as soil treatment against vegetables pre-emergence root diseases caused by

Root diseases incidence (%)
Treatment pre-emergence stage

Cucumber Cantaloupe Tomato Pepper

Furfural 14.7 de 17.3 de 19.2d 21.8¢
Furfural + T. harzianum 12.5 de 9.6f 114e¢ 92 f
Furfural + T. viride 32.1b 35.1b 39.6b 403 a
Furfural + B. subtilis 13.3 de 14.4 de 17.3 de 17.3 de
Furfural + P. fluorescens 23.6¢c 28.4 be 329b 3550
Humic & Folic acid (HF) 21.4d 214c 28.8 be 32.1b
(HF) + T. harzianum 6.6f 6.6f 6.6f 7.0f
(HF) + T. viride 314b 325b 38.8b 41.8a
(HF) + B. subtilis 12.9 de 14.4 de 16.6 de 14.7 de
(HF) + P. fluorescens 27.7¢ 30.7b 37.7b 42.5a
T. harzianum 277 ¢ 25.1c 24.7 ¢ 25.1¢

T. viride 36.2b 34.7b 333b 38.1b

B. subtilis 29.2 be 29.2 be 27.3 be 26.6 ¢

P. fluorescens 45.1a 433 a 41.1a 40.0 a
Control 46.6 a 45.1a 44.7 a 42.5a

Mixture of equal share of all soil-borne pathogenic fungi

Mean values within columns for each growth stage followed by the same letter are not significantly different (P < 0.05).

B Cucumber

B Cantaloupe

Tomato ™ Pepper

Reduction (%) in pre-emergence root rot
incidence

Figure 1. Reduction in vegetables root diseases (Pre-emergence) caused by soil-borne pathogenic fungi in response to applying antagonistic bio-agents

and chemical inducers as soil treatment under open greenhouse conditions
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Table 2. Effect of applying antagonistic bio-agents and chemical inducers as soil treatment against vegetables post-emergence root diseases caused by

soil-borne pathogenic fungi under open greenhouse conditions

Root diseases incidence (%)

Treatment post-emergence stage
Cucumber Cantaloupe Tomato Pepper
Furfural 21.0f 26.7 f 55h 26.5f
Furfural + T harzianum 23.0f 171¢g 7.1h 19.7¢
Furfural + 7. viride 41.5d 38.1e 57.8 bc 58.3 be
Furfural + B. subtilis 190g 214f 120¢g 232 ¢
Furfural + P. fluorescens 30.5¢ 37.1e 40.1d 52.4 be
Humic & Folic acid (HF) 275¢F 294 f 375e 41.8d
(HF) + T. harzianum 205 162 ¢g 74h 168 ¢g
(HF) + T viride 42.5d 43.0d 49.5 be 57.7 be
(HF) + B. subtilis 233 f 196 ¢ 3.8h 194 ¢
(HF) + P. fluorescens 43.6d 55.3 bc 50.2 bc 52.6 be
T. harzianum 0.0 hi 114¢g 349¢ 353e¢
T. viride 42.6d 429d 46.2d 43.1d
B. subtilis 35h 10.6 g 32.1e 35.7¢
P. fluorescens 63.5b 56.3 bc 58.8 bc 55.8 be
Control 90.0 a 89.1a 86.7a 85.7a

Mean values within columns for each growth stage followed by the same letter are not significantly different (P < 0.05).

mixture of equal share of all soil-borne pathogenic fungi

B Cucumber

100
90
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70
60
50
40
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20
10 -

B Cantaloupe

Tomato B Pepper

Reduction (%) in post-emergence root rot incidence

Figure 2. Reduction in vegetables root diseases (Post-emergence) caused by soil-borne pathogenic fungi in response to applying antagonistic bio-agents and

chemical inducers as soil treatment under open greenhouse conditions

3. Results

The obtained results in Table (1 and 2) and Fig (1 and 2)
showed the efficacy of applied chemicals and/or bio-agents
as soil drench against tested vegetables root diseases inci-
dence.

Presented data showed that all applied treatments reduced
significantly root rot incidence at both pre-, and post-
emergence growth stages of Cucumber, Cantaloupe, Tomato
and Pepper plants comparing with untreated check control.
Data also revealed that applied treatments of the bio-agent in
combination with the tested inducers resulted in higher sig-
nificant reduction in root rot incidence than each of them

alone. These results were observed in disease incidence
recorded at both pre-, and post-emergence growth stages.

In this regard, treatments of T. harzianum either alone or
combined with chemical inducers were superior for reducing
root rot disease for all tested vegetable plants followed by B.
subtilis treatments comparing with the other tested ones.

The recorded root rot incidence in 7. harzianum alone
treatment at pre-, and post emergence growth stages was
(27.7, 0.0%) for Cumcuber, (25.1, 11.4%) for Cantaloupe,
(24.7, 34.9%) for Tomato and (25.1, 35.3%) for pepper that
comparing with untreated control which was (46.6, 90.0%),
(45.1, 89.1%), (44.7, 86.7%) and (42.5, 85.7%), in respective
order for testing plants. Moreover, when the 7. harzianum
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combined with furfural or the mixture of Humic & Folic
acids (HF) as soil drench application, enhancement of dis-
ease reduction was observed. In this concern, at pre- emer-
gence stage the recorded root rot incidence of Cucumber,
Cantaloupe, Tomato and Pepper in (7. harzianum + furfural)
treatment was 12.5, 9.6, 11.4 and 9.2% and for (T harzianum
+ HF) treatment was 6.6, 6.6, 6.6 and 7.0% comparing with
untreated control 46.6, 45.1, 44.7 and 24.5%, respectively.

Similarly, at post-emergence stage, the recorded root rot
incidence of Cucumber, Cantaloupe, Tomato and Pepper in
(T. harzianum + furfural) treatment was 23.0, 17.1, 7.1 and
19.7% and for (7. harzianum + HF) treatment was 20.5, 16.2,
7.4 and 16.8% comparing with untreated control 90.0, 89.1,
86.7 and 85.7%, respectively. Concerning B. subtilis treat-
ments, data in Table (1) and Fig (1) also revealed that, at
pre-emergence stage, root rot incidence of Cucumber, Can-
taloupe, Tomato and Pepper recorded as 29.2, 29.2,27.3 and
26.6% when B. subtilis applied alone, while these figures
reduced significantly to 13.3, 14.4, 17.3 and 17.3% when B.
subtilis applied in combination with furfural and as well as to
12.9, 14.4, 16.6 and 14.7% comparing with untreated control
46.6,45.1, 44.7 and 24.5%, respectively.

Also, at post-emergence stage parallel feature was ob-
served for reducing root rot incidence of Cucumber, Canta-
loupe, Tomato and Pepper plants. The disease incidence
reduced to 19.0, 21.4, 12.0 & 23.2% and 23.3, 19.6, 3.8 &
19.4% in (B. subtilis + furfural) and (B. subtilis + HF)
treatments, respectively with tested grow plants. Meanwhile,
treatments of B. subtilis alone caused disease reduction re-
corded as 3.5, 10.6, 32.1 and 35.7% comparing with un-
treated control 90.0, 89.1, 86.7 and 85.7%, in respective
order for tested vegetables. Data in Table (1) and Fig (1)
showed that similar trend was also observed relevant to the
other bio-agents 7. viride and P. fluorescens either tested
alone or combined with the chemical inducers against root
rot disease incidence of Cucumber, Cantaloupe, Tomato and
Pepper plants. In this regards, at pre-emergence stage, the
disease incidence of tested vegetables was reduced in aver-
age to 35.5, 42.3% & 36.7, 30.1% and 36.1, 34.6% in T.
viride and P. fluorescens applied alone or combined with
furfural or HF treatments comparing with 44.7% in untreated
control. As for post-emergence, root rot incidence soil
drenched with 7. viride and P. fluorescens alone or com-
bined with furfural or HF resulted in disease reduction re-
corded in average as 43.7, 58.6% & 48.9, 40.0% and 48.1,
50.0%, respectively for tested grown vegetables comparing
with 87.8% in untreated control (Table,2 and Fig. 2).

4. Discussion

Plant pathogens have caused an almost 20% reduction in
the principal food and cash crops worldwide[20]. These
losses may be limited by the use of fungicides, sanitation
practices, and crop rotation or by the use of disease-tolerant
cultivates. From the ecological point of view natural fungi-
cides are the most important alternative for the use of

chemical substances.

Biological control agents (BCAs) inhibit plant pathogens
through one or more of the following mechanisms: myco-
parasitism, competition for key nutrients and colonization
sites, production of antibiotics, or stimulation of plant de-
fence mechanisms[21]. It is well known that, Trichoderma
are present in all soil and they are the most cultural fungi.
Trichoderma species are strongly antagonistic to other phy-
topathogenic fungi. They produce hydrolytic enzymes which
are believed to play an important role in the parasitism of
phytopathogenic fungi. Also, [22] reported that Trichoderma
viride was tested for its antagonistic behaviour against
pathogen (Bipolaris oryzae). They added that however, this
biocontrol agent demonstrates a powerful antagonistic be-
haviour in the control of rice diseases brown spot. They
concluded that Trichoderma viride is an effective biological
control agent. Moreover, [23] reported that fluorescent
Pseudomonas and Trichoderma harzianum T-22 applied in
combination and alone, for controlling Fusarium oxysporum
f. sp. lycopersici of tomato was studied in the greenhouse.
They found that all biocontrol agents applied individually
reduced disease incidence, while treatments as combination
showed more protective effect. For the effective biological
control of soilborne plant pathogens, a major consideration
has been given to proliferation of the antagonist after intro-
duction into the soil. Among the desirable attributes of a
successful antagonist is its ability to produce inoculum in
excess and to survive, grow, and proliferate in soil and the
rhizosphere[24]. The antagonistic organisms have been
known to be capable of colonizing in the rhizosphere com-
patibly responding to the crops[25,26]. In many cases, bio-
logical control of soilborne plant pathogens was successfully
conducted in greenhouse or fields[27-29]. Seed or root rots
caused by Pythium spp. were effectively reduced using the
antagonistic bacteria Pseudomonas spp. and Bacillus spp.
[30-32] and the antagonistic fungi Trichoderma spp.[10,11,
33]. In particular, some antagonistic rhizobacteria such as
Burkholderia cepacia[34] and Pseudomonas aeruginosa[35]
were very effective against Phytophthora blight in pepper
plants under laboratory and greenhouse conditions. In addi-
tion to biological control, as a protection method of Phy-
tophthora blight in pepper plants, researches for the effective
control of Phytophthora blight by treatment with a non fun-
gicidal synthetic chemical, DL-b-amino-n-butyric acid
(BABA), to pepper plants have been conducted. Induction of
resistance can be attained by the abiotic inducers such as
polyacrylic acid[36], acetylsalicylic acid and salicylic acid
[37], and 2,6-dichloroisonicotinic acid[38]. One interesting
aspect of biocontrol agent-induced suppression of disease is
the reported affect of 7. harzianum on development of gray
mould disease caused by B. cinerea through a reduction in its
pathogenicity[39,40]. Production of cysteine protease en-
zymes by Trichoderma was reported to inhibit the activities
of hydrolytic enzymes — especially polygalacturonases — in
the pathogen, which are important pathogenicity factors in
Botrytis and many other fungi[39,40]. The proteases inacti-
vated the pathogen enzyme by cleaving the molecule. Re-
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duction in disease was also demonstrated with extracts con-
taining proteases from Trichoderma culture filtrates and
from infected bean leaves, and was reversed by adding pro-
tease inhibitors[39]. For such an interaction to be evoked on
the plant leaf surface infected with B. cinerea, the interacting
organisms must spatially and temporally occupy the same
niche and be in close proximity to one another, providing
localized protection. The potential of Bacillus sp. to synthe-
sise a wide variety of metabolites with antifungal activity is
known and in recent years it has been a subject of experi-
ments[41-43]. Most of these substances belong to lipopep-
tides, especially from surfactin, iturin and fengicin classes.
Not so much is known about the mechanism of antifungal
activity of these substances produced by Bacillus sp. Some
of them (iturin and surfactin) are able to modify bacterial
surface hydrophobicity and, consequently, microbial adhe-
sion to surfaces (to mycelium)[41]. Antibiotics of the iturin
group were found to act upon the sterol present in the cyto-
plasmic membrane of the fungi[43,44]. Biological control of
Aspergillus niger by Bacillus subtilis AF 1 was also inves-
tigated by Podile and Parkash[45]. They demonstrated that
the bacterial cells initially adhered to the fungus, multiplied
and extensively colonized the surface. Rapid growth of
bacterial cells on the surface resulted in damage of fungal
cell walls.

In the present study combination of bio-agents and fungi-
cides alternatives was also investigated. Similar report[14]
reported that several tests revealed that soil drenches or seed
treatments of a number of compounds, especially inducers of
resistance, combined with strain BS8651 enhanced effec-
tiveness and consistency of the biological control agents
against Pythium-damping off in cucumber. Many investi-
gators, explain the role of humic acid in plant diseases re-
duction. The role of Humic acid in plant diseases may be due
to the correlation between these acids and plant health. Hu-
mic acid are used both for the production of new cell biomass
and to produce energy. Followed by de-animation into the
keto acid which inter into the Tri Carboxylic acid (TCA)
cycle, which play important role in plant resistance[46]. The
role of Humic acid in overcoming the harmful effects of
chocolate spot and rust diseases in faba bean plant may be
due to the increase in chitinase activity[47,48] and stimula-
tion plant growth through increased cell division, as well as
optimized uptake of nutrients and water[8,9] also, regulate
hormone level, improve plant growth and enhance stress
tolerance[49]. Humic acid is a suspension, based on potas-
sium humates, which can be applied successfully in many
areas of plant production as a plant growth stimulant or soil
conditioner for enhancing natural resistance against plant
diseases and pests[7] which consequently increase yield of
plant. Foliar application of HA (25% active HA) consistently
enhanced antioxidants such as a-tocopherol, a-carotene,
superoxide dismutases, and ascorbic acid concentrations in
turf grass species[50]. These antioxidant may play a role in
the regulation of plant development, flowering and chilling
of disease resistance[51,52]. Amino acids have a chelating
effect on micronutrient when applied, that make the absorp-

tion and transportation of micronutrients inside the plant is
easier due to its effect on cell membrane permeability. Some
of these micronutrients play roles in plant resistance by
regulating the levels of auxin in plant tissues by activating
the auxin oxidase system[53] and by it appears to be required
in synthesis of intermediates in the metabolic pathway,
through tryptophan to auxin[54]. Consequently auxin lead to
increase in total phenol, calcium content and activity of
catechol oxidase, these materials protect plants against
pathogen stress[55]. However, not much can be found in the
literature regarding the efficacy of furfural against fungi and
bacteria, the metabolism and effects of furfural in eu-
karyotic cells have been investigated for yeast cells. In this
case, the conversion of furfural depends on the rate of oxi-
dizing in yeasts. Furfural is oxidized to furoic acid under
aerobic conditions, and it is reduced to furfuryl alcohol in
anaerobic fermentation[56]. The authors indicated that
when furfural was added to the culture medium, both cellu-
lose and f-glucosidase activities decreased with increasing
furfural concentration. The activity of both enzymes de-
creased by 50% when concentration of furfural increased
from 0 to 1.2 g/l (1 200 ppm). Furthermore, [57] first stud-
ied the fungicidal properties of furfural, reporting control of
R. solani in potato. More recently, [58] demonstrated that
soil treatments with furfural control southern blight caused
by S. rolfsii in lentil, while stimulating development of
Trichoderma spp. and bacteria antagonistic to S. rolfsii.
These reports confirm the present findings. Furfural caused
the reduction in root-rot incidence, being 75.43% compar-
ing with untreated control when applied alone. Combined
treatments with furfural and either bacterial or fungal bio-
agents showed a lower effect, although they reduced the
disease incidence by more than 41%[59]. A similar effect
was also reported for tomato wilt caused by F. ox-
ysporum[60] and stem rot of liatris (Liatris punctata)
caused by S. sclerotiorum[5]. Moreover, botanical aromat-
ics, furfural, citral and benzaldehyde showed potential for
control of both fungal pathogens and phytoparasitic nema-
todes[61] and they did not reduce colonization of cotton
roots by plant growth promoting rhizobacteria (PGPR).
Furthermore, Pamphlet sheet of Protect[62,63] has demon-
strated efficacy in the control of plant parasitic nematodes
and fungal pathogens, ie. Pythium, Fusarium, Phy-
tophthora and Rhizoctonia. Protect is a contact soil treat-
ment that kills nematodes by irreversibly damaging the cu-
ticle and kills fungi by reacting with the cellular wall and
disrupting cellular functions. Also, it is obvious from Mul-
tigaurd fate sheet that it controls root infesting plant para-
sitic nematodes and fungal plant pathogens such as Pythium,
Phytophthora, Fusarium and Rhizoctonia.

In conclusion, antagonistic fungal and bacterial bio-agents
and/or furfural, Humic & Folic acid are the effective agents
capable of protecting cucumber, cantaloupe, tomato and
pepper plants against root rot pathogens under greenhouse
conditions. However, more detailed studies are required to
elucidate formulations of antagonists and alternative fungi-
cides for more successful protection against such soil-borne
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