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Root rots of tomato plants caused Rigizoctonia solani, Fusarium solaand Sclerotium rolfsiiare
serious diseases leading to delayed growth ancequbat death of severely infected plants. Effect of
some chemical inducers such as potassium saltsylgahcid and sorbic acid on control of root rot
pathogens and their impact on growth, quantity quality parameters of tomato cv. Super Strain B
were investigated. All the tested chemical induc@gmificantly reduced severity of root rots under
greenhouse and field conditions. Potassium safistbtreatments, followed by salicylic acid, were th
most effective in decreasing incidence of root iottuced by all tested pathogens. However, sorbic
acid was found to be the least effective treatmbnfield trials, the highest reductions of root ro
incidence and disease severity were recorded oattoplants treated with potassium sorbate used at
7.5% and dipotassium hydrogen phosphatgHR0O,) 400 mM followed by salicylic acid 100 mM
treatment. Disease incidence and severity werecetlby 65.4 and 62.5% in 2012, and by 63.2 and
53.8% in 2013 cropping seasons, respectively. Appbn of potassium salts followed by salicyliccaci
was the most efficient for the increase of growdingmeters, yield and quality of tomato fruits while
compared to control. Therefore, it could be suggkdhat application of plant chemical resistance
inducers could be commercially used for controlltognato root rot diseases and increasing both
quality and quantity of tomato since they are skfes expensive and effective against these disease
even under field conditions.
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Tomato is an important vegetable
crop not only for its economic importance
but also for its nutritional value (19). It is
essentially present in all countries either
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as open field or protected crops. As other
countries, it is one of the most important
vegetable crops in Egypt and used for
food and industrial purpose (16).

Tomato plants are infected by
several soilborne fungal pathogens such
asFusariumspp.,Rhizoctonia solaniand
Sclerotium rolfsii which cause serious
diseases as root rots and wilt and finally
reduced crop yield and quality (6, 28).
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Control of such diseases mainly depends
on fungicide treatments and grafting (17).
However, intensive application of
fungicides causes hazards to human
health and environmental degradation and
is not always satisfactory. Therefore,
alternative approaches for the control of
plant diseases should be emphasized (24).

Induction of resistance in plants to
overcome pathogen infection is a
promising approach for controlling plant
diseases. Exogenous or endogenous
factors could substantially affect host
physiology, lead to rapid and coordinated
activation of defense-gene in plants
normally expressing susceptibility to
pathogen infection (24, 25). This induced
resistance to pathogens can be achieved
by the application of various abiotic
agents (chemical inducers) such as
salicylic acid, potassium salts and sorbic
acid (6, 8, 13, 15). Conversely,
application of these chemical inducers
under field conditions have increased
growth parameters, yield components and
quality of fruits in many vegetable plants
(16, 17, 22, 31).

The present study was conducted
to investigate the effects of some
chemicals as resistance inducers in tomato
plants against root rot pathogensder
greenhouse and field conditions and to
more elucidate their impacts on growth
parameters, yield and fruit quality.

MATERIALS AND METHODS
Root rot pathogens.

Rhizoctonia solani RsG]
Fusarium solaniFsG1, and Sclerotium
rolfsii Sr Mn2 isolates obtained from
Plant Pathology Department, National
Research Center, Egypt, were used in this
study. These isolates were proved to be
aggressive for inducing root rot of tomato
plants in previous studies (15, 16).
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Preparation of fungal inocula.

Inoculum of F. solani was
prepared by culturing pathogen on Potato
Dextrose Broth (PDB) medium in 250 ml
Erlenmeyer flasks for 10 days at 25 *
2°C. The culture was filtered to remove
mycelia and the resulting conidial
suspension was adjusted td’ t@nidia/ml
by wusing a haemocytometer. Soll
infestation was carried out by adding 50
ml of the conidial suspension (L0
conidia/ml) to 1 kg of soil (12).

Inoculum of R. solani and S.
rolfsii was the upper solid mycelium
layers grown on Potato Dextrose Agar
(PDA) medium which was washed and
air-dried with sterilized filter paper layers.
The air-dried mycelium was blended in
distilled water to obtain inoculum pieces
of 1-2 mm. Soil inoculation was carried
out at the rate of 2.0 g of dry
mycelium/kg of soil (9).

Greenhouse experiment.

The efficacy of four chemical
resistance inducers i.e. salicylic acid,
dipotassium hydrogen phosphate
(KoHPQy), potassium sorbate and sorbic
acid, used at different concentrations, was
tested against tomato root rot pathogens.
These chemicals were applied as seedling
root dipping for 2 h before transplanting,
followed by foliar spray application after
transplanting, applied as follows:

(a) Seedlings root dipping

1 - Salicylic acid 25, 50 and 100
mM,

2 - Dipotassium hydrogen
phosphate (KHPQ,) 100, 200 and 400
mM,

3 - Potassium sorbate 2.5, 5.0 and
7.5%,

4 - Sorbic acid 2.5, 5.0 and 7.5%,

5 - Control untreated seedlings.

(b) Foliar spray

1 - Salicylic acid 25 mM,
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2 - Dipotassium
phosphate (KHPQ;) 100 mM,

3 - Potassium sorbate 2.5%,

4 - Sorbic acid 2.5%,

5 - Control untreated plants.

hydrogen

Plastic pots (25 cm diameter, 5.0
kg of soil) were filled with soil artificially
inoculated with each of the tested
pathogens. Healthy tomato seedlings (40
day-old, cv. Super Strain B) were sown in
plastic pots at the rate of 4 seedlings/pot,
following five replicates for each
treatment along with check treatment
(non-inoculated soil).

Root rot disease incidence and
severity were evaluated 45 days post-
planting. Disease incidence was recorded
as the number of root rot diseased plants
relative to the number of planted
seedlings in each treatment.

Disease severity was scored
based on a modified Rowe (27) scale
where: 0 = no internal or external
browning, 1 = no internal browning,
discrete superficial lesions on tap root or
stem base and root lesions at the points of
emergence of lateral roots, 2 = brown tap
root with slight internal browning at the
tip of the tap root, 3 = moderate internal
browning of the entire tap root, 4 = severe
internal browning extending from tap root
into lower stem above soil surface,
abundant lesions on distal roots and 5 =
dead plants.

The percentages of reduction of
disease incidence and severity were also
calculated.

Open field experiment.

The most promising treatments
found to be effective against tomato root
rot diseases based on pot experiments
were applied under field conditions. Four
different chemical resistance inducers i.e.,
salicylic acid 100 mM, dipotassium
hydrogen phosphate (KPQ;) 400 mM,
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potassium sorbate 7.5%, and sorbic acid
7.5% were applied as seedling root
dipping for 2 h + foliar application
treatments (as mentioned above for the
greenhouse experiment). This experiment
was conducted in two successive growing
seasons 2012 and 2013 in a field naturally
infected with the causal organisms of root
rot disease of tomato located at the private
farm of EI-Minia Governorate, Egypt.
Tomato seedlings (cv. Super Strain
B, 40 days-old) were soaked for 2 h at the
rate of 100 seedlings per 250 ml of the
tested chemical resistance inducers. Two
seedlings/hill were sown with 50 cm apart
between hills. Untreated seedlings were
used as control. Disease incidence and
severity were recorded at 25, 50 and 75
days post-planting (DPP) and the
percentages of their reductions as
compared to the control were also
calculated. Plant height, number of
branches, number of fruits per plant, fruit
weight per plant (kg), mean fruit weight
(9) and fruit yield (T/ha) were noted at the
end of the growing season. Total soluble

solids of tomato fruits from each
treatment were measured using a
refractometer.

Statistical analyses.

All experiments were set up
according to a complete randomized
block design. One-way ANOVA was
used to analyze differences between
treatmentsA general linear model option
of the analysis system SAS (SAS Institute
Inc.) (29) was used to perform the
ANOVA. Duncan’s multiple range test at
P < 0.05 was used for mean separation
(30).

RESULTS
Management
greenhouse.
Data shown in Tables 1 and 2
clearly indicate that all chemical inducers

of the disease under
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tested have significantly P( < 0.05)
reduced tomato root rot incidence (Table
1) and severity (Table 2) caused by
solani R. solaniandS. rolfsii compared
with the untreated control plants. Root rot
incidence and severity on tomato plants

were  decreased by all tested
concentrations and reached their
minimum  records at the highest

concentration of potassium sorbate 7.5%,
dipotassium hydrogen phosphate
(K;HPQ,) 400 mM, salicylic acid 100
mM and sorbic acid 7.5%. The most
effective treatments were potassium
sorbate 7.5% followed by dipotassium
hydrogen phosphate ¢(KPQ,) 400 mM.

In fact, they decreaseH. solani and R.
solani root rot incidence by 80.0 and
76.3% and by 74.1 and 63.1%; whik
rolfsii incidence was reducdsy 71.0 and

61.7%, respectively (Table 1). For root rot
severity, these treatments decreaded
solani by 67.6 and 61.7%R. solaniby
61.9 and 52.3% an8. rolfsiiby 58.3 and
50.0%, respectively (Table 2).
Meanwhile, plants treated with salicylic
acid and sorbic acid showed reduced root
rot incidence (72 and 60.2%, respectively)

and severity (55.8 and 50.0%,
respectively).

Tomato plants treated with
salicylic acid 25 mM, dipotassium

hydrogen phosphate ({KPQ,) 100 mM,
potassium sorbate 2.5%, sorbic acid 2.5%
combined with foliar spray with the same
concentrations of the same chemicals
gave rise to the lowest protection against
all tested pathogens as compared with the
other tested concentrations (Table 1).

Table 1.Effect of chemical resistance inducers testedffarént concentrations on the incidence of tomati rots
caused byrusarium solaniRhizoctonia solanandSclerotium rolfsii(greenhouse conditions)

Chemical Treatment_ / Incidence of root rot pathogens
) Concentration F. solani R. solani S. rolfsii
resistance
inducer SRD EA Incidence  Reduction | Incidence Reduction | Incidence Reduction
(%) (%) (%) (%) (%) (%)
100 mM 100 26.1b 55.0 219b 48.0 23.6b 42.2
K,HPO, | 200 mM mM 17.3c 70.1 18.9c 55.2 19.0c 53.4
400 mM 13.7d 76.3 15.5¢ 63.1 15.6 c 61.7
25 mM o5 27.8b 52.1 235b 44.1 24.4b 40.1
SA 50 mM mM 19.8¢c 65.8 17.7c 58.0 18.0c 55.8
100 mM 16.2 cd 72.0 155¢ 63.1 16.2 ¢ 60.2
2.5% 225¢c 61.1 176c 58.3 180 ¢ 55.8
PSO 5.0% 2.5% 15.1cd 73.9 13.5d 67.9 14.4c 64.7
7.5% 11.6d 80.0 10.9d 74.1 11.8d 71.0
2.5% 29.0b 50.0 24.8b 41.2 26.2b 35.7
SOA 5.0% 2.5% 23.0c 60.2 21.1b 50.0 21.2 bc 48.0
7.5% 25.0b 56.8 18.2 ¢ 56.8 8.8d 54.0
Control 58.0 a - 42.2 a - 40.8 a -

For each column, means followed by the same lateemot significantly different according to Duntsamultiple
range testf < 0.05). SA: Salicylic acid, PSO: Potassium sorb8@A: Sorbic acid, SRD: Seedling root dipping,

FA: foliar application.
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Table 2. Effect of chemical resistance inducers tested fiérdnt concentrations on root rot severity on ttoma
plants inoculated witfrusarium solaniRhizoctonia solanandSclerotium rolfsii(greenhouse conditions)

Chemical Treatment' / . I?oot ro.t severity . )

resistance Concentration F. solani Rhizoctonia R. solani S. rolfsii
inducer SRD FA Severity Re((i(%tlon Severity Re((jou/stlon Severity Re((i(%non
100 mM 100 19b 44.1 13b 38.0 16b 33.3
K,HPO, 200 mM mM 15c 55.8 1.2b 42.8 1.3c 45.8
400 mM 1.3c 61.7 10c 52.3 1.2c 50.0
25 mM o5 20b 41.1 1.4b 33.3 1.7b 29.1
SA 50 mM mM 19b 50.0 1.2b 42.8 1.5 bc| 37.5
100 mM 15¢c 55.8 1.1 cd 47.6 13c¢ 45.8
2.5% 16¢c 52.9 1.1cd 47.6 l4c 41.6
PSO 5.0% 2.5% l4cd 58.8 0.9de 59.1 1.1 cd 54.2
7.5% 1.1d 67.6 0.8 de 61.9 1.0d 58.3
2.5% 21b 38.2 15b 28.0 1.7b 29.1
SOA 5.0% 2.5% 19b 44.1 1.3b 38.0 16b 33.3
7.5% 1.7b 50.0 1.2b 42.8 14c 41.6

Control 34a - 21a - 24 a

For each column, means followed by the same lateemot significantly different according to Duntsamultiple
range testf < 0.05). SA: Salicylic acid, PSO: Potassium sorb8@A: Sorbic acid, SRD: Seedling root dipping,

FA: foliar application.

Management of the disease in open
field.

Effect of chemical resistance
inducers on root rot incidence and
severity. Data presented in Tables 3 and 4
indicate that all chemical inducers had
significantly protected tomato plants
against root rot pathogens as compared to
the untreated control in both growing
seasons (2012 and 2013). In fact, all
tested chemicals had significantly reduced
the percentages of root rot incidence on
tomato plants noted 25, 50 and 75 DPP.
The highest reductions of root rot
incidence (Table 3) and severity (Table 4)
were obtained with potassium sorbate
75% and dipotassium  hydrogen
phosphate (kHPO,) 400 mM based-
treatments followed by salicylic acid 100
mM. Indeed, these both parameters were
decreased by 65.4 and 62.5% in 2012
cropping season, as compared to 63.2 and
53.8% recorded in 2013. Treatment of
tomato seedlings by root dipping with
potassium sorbate 7.5% and potassium
hydrogen phosphate §KPO;) 400 mM
combined with foliar spray with 2.5% and
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100 mM of the same inducers led to high
decrease in tomato root rot disease
incidence and severity after 25, 50 and 75
DPP in the two cropping seasons. At 75
DPP, the same treatments reduced,
respectively, disease incidence records by
65.4 and 60.0% in 2012 and by 63.2%
and 57.4% in 2013, respectively (Table
3). Disease severity, noted 75 DPP, was
also decreased by 62.5 and 54.1% in 2012
and by 53.8 and 50.0% in 2013 cropping
season (Table 4). Salicylic acid 100 mM
based-treatment caused considerable
reduction in tomato root rot during the
two seasons where incidence and severity
decreased up to 51.7 and 50.0%,
respectively. Meanwhile, sorbic acid
7.5% treatment exhibited the least
inhibitory effect with 50.0% reduction
recorded at 75 DPP during both cropping
seasons. The most effective chemical
inducers in decreasing root rot incidence
and severity at 25 and 50 DPP were
potassium sorbate 7.5% and dipotassium
hydrogen phosphate (KPQ,) 400 mM,
whereas salicylic acid 100 mM and sorbic
acid 7.5% based-treatments showed the
lowest efficacy.
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Table 3.Effect of chemical resistance inducers testedftgrént concentrations on incidence of root roedies on
y infested saildo field conditions)

tomato plants grown in a naturall

Chemical Czrr?:ém?;tién 25 DPP '”05'26;:; 75 DPP
resistance
inducer SRD FA Incidence  Reduction | Incidence  Reduction | Incidence Reduction
(%) (%) (%) (%) (%) (%)
Season 2012
K,HPO, 400 mM 100 mM 17.8 cd 52.2 19.2¢ 58.6 16.4d 60.0
SA 100 mM 25 mM 20.0b 46.2 220b 52.6 19.8c 51.7
PSO 7.5% 2.5% 15.6d 58.1 16.6 ¢ 64.2 14.2d 65.4
SOA 7.5% 2.5% 21.4b 42.4 23.8b 48.7 22.2b 45.8
Control 37.2a - 46.4 a - 41.0a -
Season 2013
K,HPO, 400 mM 100 mM 19.6 c 51.0 21.1c 53.1 18.8 de 57.4
SA 100 mM 25 mM 22.0b 46.0 224 ¢ 50.2 214c 51.6
PSO 7.5% 2.5% 18.0c 55.0 17.4d 61.3 16.2e 63.2
SOA 7.5% 2.5% 240b 40.0 25.2b 44.0 25.2b 43.0
Control 40.0 a - 45.0a - 442 a -

For each column, means followed by the same lateemot significantly different according to Duntsamultiple
range testR < 0.05). SA: Salicylic acid, PSO: Potassium sorb&t@A: Sorbic acid, SRD: Seedling root dipping,

FA: foliar application, DPP: days post-planting.

Table 4. Effect of chemical resistance inducers tested fi¢rént concentrations on root rot severity on ttoma
plants grown in a naturally infested soil (operdfieonditions)

Chemical Treatment_ / Severity
resistance Concentration 25 DPP 50 DPP 75 DPP
inducer SRD EA Severity Rec(i;stlon Severity Rec(i;stlon Severity Rec(i;stlon
Season 2012
K,HPO, | 400 mM 100 mM 0.8c 50.0 1.0c 54.5 llc 54.1
SA 100 mM 25 mM 1.0b 44.4 1.2b 43.4 1.2 bc 50.0
PSO 7.5% 2.5% 08¢ 55.5 09c 59.1 09c 62.5
SOA 7.5% 2.5% 1.1b 38.8 1.3b 40.4 1.4b 41.6
Control 1.8a - 2.2a - 24 a -
Season 2013
K,HPO, | 400 mM 100 mM llc 45.0 1.2¢c 50.0 13c 50.0
SA 100 mM 25 mM 1.2 bc 40.0 1.4b 41.6 1.4b 46.2
PSO 7.5% 2.5% 1.0c 50.0 l1lc 54.2 1.2¢c 53.8
SOA 7.5% 2.5% 1.4b 30.0 1.4b 41.6 15b 42.2
Control 20a - 24 a - 26a -

For each column and each cropping season, medbosvédl by the same letter are not significantly efiént
according to Duncan’s multiple range te3t(0.05). SA: Salicylic acid, PSO: Potassium sorb8@A: Sorbic acid
SRD: Seedling root dipping, FA: foliar applicatiddPP: days post-planting.

Effect of chemical resistance
inducers on tomato growth parameters.
All of the tested chemical inducers
significantly increased growth parameters
in treated tomato plants i.e. plant height
and number of branches per plant
compared with the untreated control in
Tunisian Journal of Plant Protection

50

both growing seasons (Table 5). The most
effective chemical inducers in enhancing
plant height (68.4 and 60.4 cm ), was
potassium sorbate 7.5% followed by
dipotassium hydrogen phosphate
(KoHPQ,) 400 mM (66.4 and 65.2 cm) in
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2012 and 2013 growing
respectively.

The same trend was also observed
in the case of the number of branches per
plant. In fact, tomato seedlings treated
with potassium sorbate 7.5% exhibited
the highest branch number per plant (6.2
and 5.8 during 2012 and 2013 cropping
seasons, respectively) followed by
dipotassium hydrogen phosphate

seasons,

(K.HPG,)) 400 mM (5.8 and 5.4,
respectively). Salicylic acid 100 mM
based-treatment led to significant increase
in plant height during the two seasons.
Meanwhile, sorbic acid 7.5% treatment
showed the least effect, as there are no
significant difference in plant height
between treated and untreated (control)
plants during the 2013 season.

Table 5. Effect of different chemical resistance inducersgoowth parameters of tomato plants grown

in naturally infested soil (open field conditions)

. . Treatment .
Chem:ﬁglurce;srlstance /Concentration Plant height (cm) No. of branches/plant
SRD FA 2012 2013 2012 2013
K;HPO, 400 mM 100 mM 66.4 a 65.2 a 58b 54b
SA 100 mM 25mM 58.0 b 55.8 b 5.0c 48¢
PSO 7.5% 2.5% 68.4 a 60.4 b 6.2a 58a
SOA 7.5% 2.5% 50.4 c 52.0c 4.6d 4.4d
Control 42.8d 48.2c 38e 40¢c

For each column, means followed by the same letter not significantly different according to
Duncan’s multiple range ted® € 0.05). SA: Salicylic acid, PSO: Potassium sorb&@A: Sorbic acid,

SRD: Seedling root dipping, FA: foliar application.

Effect of chemical inducers on
tomato yield and fruit quality.
Reduction in disease incidence during two
seasons, 2012 and 2013, means increasing
in plant stand and growth parameters,
which reflect on the obtained tomato fruit
yield. There was a significant effect of the
chemical inducers on the tested
quantitative parameters i. e., number of
fruits/plant, fruit weight per plant, mean
fruit weight, total soluble solids and total
fruit yield. The obtained data in Table 6
show that all tested chemicals
significantly  improve the  quality
parameters of tomato compared with the
untreated control. The most efficient
inducers were potassium sorbate (PSO)
7.5% and potassium hydrogen phosphate
(K2HPO4) 400 mM where the highest
numbers of fruits per plant recorded were
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75 and 68, and 71 and 65 during 2012 and
2013 cropping seasons, respectively. Fruit
weight per plant noted on tomato plants
treated with  potassium  hydrogen
phosphate (KHPQ,) 400 mM and
potassium sorbate (PSO) 7.5% was 4.62
and 5.28 kg, and 4.35 and 5.12 kg for
each treatment in 2012 and 2013,
respectively. Mean fruit weight (70 and
62, 6.2 and 5.5 g) and total yield increase,
compared to the untreated control (63.2
and 56.4%, 53.6 and 50.3%), were higher
in tomato plants treated with potassium
sorbate (PSO) 7.5% and potassium
hydrogen phosphate ¢HPQO,) 400 mM

in 2012 and 2013 cropping seasons,
respectively. Salicylic acid 100 mM and
sorbic acid 7.5% based-treatments also
increased all vyield parameters as
compared to the control.
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Table 6.Effect of different chemical resistance inducersymtd and fruit quality of tomato plant grown in a

naturally infested soil (open field conditions)

Chemical | Treatment/Concentration Quality parameters Total yield
resistance SRD FA NF FWP FwW TSS Yield Increase
inducer (kg) (9) (T/ha) (%)
Season 2012
K,HPO4 400 mM 100 mM 68 a 528a 62b 5.2 1 62.38 b 56.4
SA 100 mM 25 mM 55b 4.4 a 57 a 4.8 h 49.52 ¢ 45.1
PSO 7.5% 2.5% 75a 462a 70a 6.24a 73.80 a 63.2
SOA 7.5% 2.5% 46 b 3.15b 60b 4.2 1 44.76 ¢ 39.3
Control 32c 152 ¢ 58 a 4.0b 27.14d 0.0
Season 2013
K,HPO4 400 mM 100 mM 65 a 5.12a 61b 5.54 67.14 a 50.3
SA 100 mM 25 mM 52b 4.25a 50c 508b 55.71b 40.1
PSO 7.5% 2.5% 71a 425a 72a 6.24a 71.90 a 53.6
SOA 7.5% 2.5% 42 b 2.88b 44 d 4.4db 48.09 c 30.6
Control 30c 1.25¢c 50 c 4.1b 33.33d 0.0

For each column and each cropping season, medowddl by the same letter are not significantly efiént
according to Duncan’s multiple range teBt<{ 0.05). SA: Salicylic acid, PSO: Potassium sorb&®A:
Sorbic acid, SRD: Seedling root dipping, FA: folapplication, NF: Number of fruits per plant, FWRuit
weight per plant, FW: fruit weight, TSS: Total soble solids.

DISCUSSION

Soilborne diseases including root
rots are involved in considerable losses of
the most important vegetable crops
including tomato. Chemical resistance
inducers are largely used as bioactive
substances in controlling soilborne as well
as foliar plant pathogens (2, 3, 4, 6, 7, 11,
14, 15, 17, 26). In the present study,
different concentrations of salicylic acid,
dipotassium hydrogen phosphate
(K,HPQ,), potassium sorbate, sorbic acid
were used as seedlings root dipping
combined with foliar application of the
same chemical inducers in order to
evaluate their efficacy in controlling
tomato root rot caused by. solani, R.
solaniandsS. rolfsiiin artificially infested
soil under greenhouse conditions as well
as in naturally infested soil under open
field conditions.

Our data in pot experiment clearly
show that root rot incidence and severity
on tomato plants were reduced at all
tested chemicals concentrations. The
lowest records of these two parameters
were noted at the highest concentration of
potassium sorbate 7.5%, dipotassium
hydrogen phosphate §KPQO,) 400 mM,
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salicylic acid 100 mM and sorbic acid
7.5%. The most effective treatments were
potassium sorbate 7.5% followed by
dipotassium hydrogen phosphate
(Ko;HPQ,) 400 mM. They reduced both
incidence and severity of root rot. These
results are in agreement with previous
findings (1, 2, 14, 17, 26) where many

chemical resistance inducers were
successfully used against root rot
pathogens infecting many  crops.

Chemically induced resistance in plants
against pathogens is a widespread
phenomenon that has been investigated
with respect to the underling signaling
pathways as well as to its potential use in
plant protection. Elicited by a local
infection, plants respond with a salicylic
acid dependent signaling cascade that
leads to the systemic expression of a
broad spectrum and long-lasting disease
resistance that is efficient against fungi,
bacteria and viruses (21). The tested
chemical inducers might stimulate some
defense mechanisms such as phenolic
compounds, oxidative enzymes and other
metabolites (7, 10, 13).

Under open field conditions, our
results indicate that the highest reduction
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of root rot incidence and severity was
obtained with potassium sorbate 7.5% and
dipotassium hydrogen phosphate
(Ko.HPQ,) 400 mM treatments followed
by salicylic acid 100 mM combined with
foliar application with 2.50%, 100 mM,
25 mM of the same chemical inducers,
respectively. Many research studies have
been conducted on chemical resistance
inducers used for controlling root rot and
wilt diseases under greenhouse and field
conditions (2, 5, 10). It should be
mentioned that some chemical inducers
may also have a direct antimicrobial
effect and are, thus, involved in cross-
linking in cell walls, induction of gene
expression, phytoalexin production and
induction of systemic resistance (6).

On the other hand, an important
finding from this study revealed that all
tested chemical inducers had positive
effects on plant growth, yield and fruit
quality of tomato plants grown under field
conditions during two cropping seasons.
These increases in growth, yield quantity

and quality may be attributed to elicitors
effect on physiological processes in plant
such as ion uptake, cell elongation, cell
division, enzymatic activation and protein
synthesis (11, 18). Gunes al (20) also

reported that salicylic acid acts as
endogenous signal molecule involved in
induction of tolerance to abiotic stresses
in plants. They emphasized that
exogenous application of salicylic acid
increased plant growth significantly both
under saline and non saline conditions.
Some chemical inducers are also
endogenous growth regulators of phenolic
nature, which influence a range of diverse

processes in plants, including seed
germination (6, 18), ion uptake and
transport, membrane permeability,

photosynthetic and growth rate (23).

ACKNOWLEDGEMENT

This work was carried out during a Collaborative
Project Tunisia-Egypt Funded by the Ministry of

Scientific Research, in Egypt (Grand no.4/10/4) and
the Ministry of Higher Education and Scientific

Research of Tunisia.

RESUME

El-Mohamedy R.S.R., Jabnoun-Khiareddine H. et DaamRemadi, M. 2014. Contrdle
des pourritures racinaires des plants de tomate causées parFusarium solani,
Rhizoctonia solani et Sclerotium rolfsii en utilisant différents inducteurs chimiquesde
résistance. Tunisian Journal of Plant Protection 945-55.

Les pourritures racinaires des plants de tomatséemupaiRhizoctonia solaniFusarium solaniet
Sclerotium rolfsiisont des maladies graves conduisant a un retactbsance et a la mort des plants
séverement infectés. L'effet de certains inductehisiiques, a savoir, les sels de potassium, Bacid
salicylique et I'acide sorbique, dans la lutte oomes pathogénes causant les pourritures racinatre
leur impact sur les parametres de croissance, giedatité et de la qualité de tomate Super Strain B

a été étudié. Tous les inducteurs chimiques testéstduit significativement la sévérité des pdurds
racinaires sous serre et en plein champ. Les rimaites a base de sels de potassium, suivi pard'acid
salicylique, ont été les plus efficaces dans laucédn de l'incidence des pourritures des racines
induites par tous les agents pathogenes testésn@apt, le traitement par I'acide sorbique s'esttr@o

le moins efficace. Pour les essais au champ, thsctiéns les plus importantes de I'incidence etade
sévérité des pourritures racinaires ont été ertrégissur les plants de tomate traités avec datode
potassium utilisé a 7,5% et le phosphate d'hydmegépotassiqueK,HPQ,) 400 mM, suivi par le
traitement par I'acide salicyligue 100 mM. L'incide et la sévérité des maladies ont été réduites de
65,4 et 62,5% en 2012, et de 63,2 et 53,8% en 2@&Kpectivement. L'application des sels de
potassium, suivie par de l'acide salicylique a&fglus efficace pour I'augmentation des paramétees
croissance, de rendement et de la qualité de lateopar rapport au témoin. Par conséquent, il pdurr
étre suggéré que l'application des inducteurs chies de résistance a la plante peut étre utiliage d
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le commerce pour le contrle des pourritures demea de la tomate et pour 'augmentation de la

qualité et de la quantité de tomate a la fois,ilsasont sains, moins colteux et efficaces cong® ¢
maladies, méme dans les conditions du champ.

Mots clés Contréle de la maladie, inducteurs chimiques égstance, pourriture racinaire, tomate,
qualité, rendement.

Clibad () jaf daglia 2014 gt - ae ) Baalag Guall JLd-Cisin sl g Ll Aaa galy (s 2eaal)
Sclerotium s Rhizoctonia solani s Fusarium solani <bkill e duaiall ablaal) clits sl
Tunisian Journal of Plant Protection 9: 45-55. .4 gliall 4xilasS ciliatua Cilida alad3ul rolfsii

DU Cigay saill &AL 8 A alalelall il sl Gl (il a1 jhaal e ) sl bl (ol yal e
il s e ) 3 Ao gliall AilasSl) clintal) (amy il sl A3 A pall o3a b AlaY) saad il o
s_\a.wu...a‘).d\ Sl M}IAA@J.\;J}J\ saea g bl es g 3aclall A.u\_ue_,.m\_\}.zﬂ um}a}e}.mhjﬂ\
‘_,J; o Lebal) @l 5 L) 50 Ll asi LS Jaall Ca gyl st Gl 5 alall ) b D liall (5 saall Cag la
Led & _uiaall dilasll clintud) IS of i 2013 5 2012 Cdliie aams 50 A eln\-da” ULl J peanall g gaill
pllalal) il J geanall g gaill 8245 4 ISy ) aall Clidad al jals Lol sk 5 s (mis b g gima il
Rhizoctonias Fusarium solaniiua el el fpelivall (5 saall Cag jla a0 LA e85 Hlie; Aldlaal)
@ sdal) s (al yals ALa) 3ak 5 dawi a0l el of Laa 1 <Sclerotium rolfsisolani
{ sacldll L apulipd) Clansdy (7.5 %)e}.uu}.d\ Cliysu} psamlisll ZOUL alalakall S Alales
Crpams 50 I3 5 Jind) Cagpla ot el il ) sl Gmes 505 (100 MM ) il (mes Loy «(400Mm)
820 ) A5 o gl sl 8 i 5 0675 sl sl ) sy alalalall 30 Aldlaa G (s <2013 5 2012l
Gl G WS 5l it Gl el LY s sk 4 Ol Cpal o dllidlid) Games Al Ll
ablaball J gemnal 83 gal) Clica 88305 & S 5 Alabaall Clilall J geanall 5 (5 sl gaill 53l 3 Cidlalaal
Roslie b Ahulai A sy G sliall Alasl) cilintnal) alasiid ZalSa) ) A all o2 il udi aaLANL A )i
Ly Al O labaall @l () 5 dialas alalalall il J geanall g gaill 3aly ) 8 SIS ) gdall Cilidad ) pol Clissa
diall gl s A pall el A glie 8 Alled 5 AilSa 2
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