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our experiments were designed to study the effect of fertilization

(NPK), Trichoderma harzianum, mycorrhiza and an algae extract, on
tomato stem canker disease severity. Tomato plants (Lycopersicon
esculentum Mill.) were grown in Rhizoctonia solani infested soil under
protected greenhouse conditions, to study the effect of some biocontrol
agents on the disease severity and to assay the total phenols in tomato
tissues. The results showed that inoculation with T. harzianum alone as
a bioagent resulted in a distinct decrease in disease severity and to less
extent after inoculation with AM fungi, algae extract, fertilizer (NPK),
either single or in combination. The mycorrhiza treatments, however,
significantly increased the total phenols in the infected tomato plants
compared to the infected check plants. The most promising elevation in
total phenol was recognized in infected plants treated with a mixture of
(AM) mycorrhiza, Chlorella vulgaris (A1) and Spirulina platensis (A2).
Trichoderma harzianum plus the usual NPK dose fertilization with,
produced similar effect compared to check plants infected with R. solani
alone, similar results were recognized in case of mixing Trichoderma and
mycorrhiza treatment.

Keywords: Algae, Lycopersicon esculentum Mill., mycorrhizae, NPK,
phenolic compounds, Rhizoctonia solani, tomato and
Trichoderma harzianum.

Rhizoctonia solani Kihn, the anamorph of Thanatephorus cucumeris (Frank)
Donk, is a soilborne pathogen that causes diseases on many plant species world-
wide including agricultural and vegetable crops (Ogoshi, 1987), within different
anastomosis groups (Bolkan and Ribeiro, 1985). Tomato (Lycopersicon esculentum
L.) isapopular vegetable widely grown in the temperate and in the tropics which is
an excellent source of vitamin A and vitamin C as well as antioxidants (Renata
et al., 2013), along with iron and phosphorus. Tomato production under greenhouse
conditions is subject to several pathogens, including R. solani, Fusarium oxysporum
f.sp. lycopersici and Pyrenochaeta lycopersici which affect the plant stand, the yield
and its quality (Campbell and Shishkoff, 1990). Disease contral in the greenhouse is
largely dependent on fungicides, thus biological control has been utilized to avoid
pesticides hazards against a wide number of agricultural pests including fungi,
insects and weeds (Stiling and Cornelissen, 2005). A voluminous literature has been
accumulated concerning the biological control of plant diseases on different crops,
and still attracting interest of many pathologists (Cook and Baker, 1983; Bargabus
et al., 2004 and Zahoor et al., 2012).
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Biological control by Trichoderma species has been studied by many
pathologists for different reasons. Firstly to overcome the passive effects of the used
chemical control procedures resulting in the pollution to the environment, and
producing of resistant strains (Naseby et al., 2004). Biological control activity by
different Trichoderma species requires a number of indirect and direct interactions
with the pathogen. The combination of these mechanisms resulting in death,
suppression or reduction in the pathogen biomass with consequent decrease of plant
infection and disease incidence (Vinale et al., 2008). Moreover, the biological
control by algae became an interesting approach in antibiosis studies. Algal extracts
containing plant hormones, amino acids, fatty acids and trace elements that assumed
responsible for the improvement of plant growth and for improving the resistance to
pathogens, algae extracts stimulated seed germination, growth and yield of different
crops (Khan et al., 2009). The algal active ingredients may stimulate nitrate
reductase and other plant enzymes responsible for absorbing minerals and their
transformation in the plant, and thus they act as physioactivators (Joubert and
Lefranc, 2008). Although the arbuscular mycorrhiza may be described, as
a symbiotic form of diseases, like nodulating nitrogen fixing bacteria. Their use for
improvement of plant vigour, thus increasing plant tolerance to diseases has been
suggested. Vesicular arbuscular mycorrhizal obligate fungi (VAM) are widespread
group of soil inhabitant that can enhance yield of several agricultural crops
(Thanuja, 2002). VAM has distinguishing importance due to improving soil
structure (Miller and Jastrow, 2000) and great capability to increase plant growth
and yield of pepper under different conditions (Durgapa et al., 2002). This
increment was reported due to various mechanisms such as increased nutrients
uptake especially phosphorous content, which has specia effect on physiological
parameters in plants (Soleimanzadeh, 2010).

Vigour improvement of plant growth either by chemical or biological means was
also tried. The objectives of nutrient applications to crops for protection from
pathogens are being practiced to avoid plant stress, which may alow crops to better
withstanding of the pathogen attack, and to manipulate nutrients to the advantage of
the plant and disadvantage of the pathogen (Palti, 1981). Not only is the supply of an
individual nutrient important, but also balanced, crop specific nutrient ratios are
crucial for improving plant health by adequately supplying the plant during its
development under varying environmental conditions. Through an understanding of
disease interactions with each specific nutrient, the effects on the plant, pathogen
and environment can be effectively modified to improve disease control, enhance
production efficiency and increase crop quality (Walters and Bingham, 2007).
Mineral nutrients however may reduce the incidence of diseases in certain cases or
increase them in others, depending on the particular mineral nutrient, the host plant,
the pathogen and other factors.

This investigation was planned to determine the effect of the usua NPK
fertilization dose, aong with the algae extract, Trichoderma harzianum and
mycorrhizae (VAM) applications on tomato root-rot incidence.
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M aterials and Methods

Isolation and identification:

Naturally infected tomato plants showing root-rot symptoms were collected from
Kaha Research Station, Qalubiya Governorate, for isolation of the causal organisms.
Roots were thoroughly washed with tap water, surface sterilized with sodium
hypochlorite 0.5 % for one minute, washed several times with sterilized water and
then dried. Infected pieces were then placed on PDA medium and incubated at 28°C
for 5 days. The developed funga colonies were purified using the hyphal tip
technique (Brown, 1924).

Purified fungi were placed on PDA dlants and kept in a refrigerator for further
studies. Identification of the isolated fungi was carried out according to their cultural
properties and morphological characteristics as described by Barnett (1965); Rifai
(1969) and Baruch et al. (1991).

Inoculation procedures:

Rhizoctonia solani propagation was made by inoculating autoclaved sand corn
medium (25g washed sand, 75g corn and enough tap water, to cover the prepared
mixture in 500ml bottles). The inoculation was made by using agar discs obtained
from the periphery of 7 days old colony of the desired fungus and incubated at
28+2°C for two weeks. Each pot (25-cm-diam.) was filled with disinfested soil, and
then infested with the desired inoculum at the rate of 3% of the filing soil weight.
Inocula were thoroughly mixed with the soil and watered regularly for one week
before planting to ensure the uniform distribution and even growth of the tested
fungi. Pots used for check were filled with the same soil untreated and distributed
under the greenhouse conditions in complete randomized design with 3 replicates for
each treatment. Trichoderma harzanum was cultured on PDA plates and incubated
at 28°C for 4 days, (washed sand 25g, corn 75g and enough tap water to cover the
prepared mixture in 500ml bottles) the sterilized bottles were inoculated with agar
discs obtained from the periphery of 7 days old colony of T. harzanum and
incubated at 28+2°C for two weeks.

Host plant and soil:
Tomato seeds (cv. Castle Rock) were used throughout this study. Sandy clay
loam soil was used in the greenhouse experiment.

Greenhouse experiment:

Pots (25-cm-diam.) containing sterile soil (3kg/pot) were transplanted with
tomato seedlings (5 seedlings/pot). The biocontrol agent inocula were mycorrhiza
(AMF) 30gm/kg soil, and Trichoderma at 30gm, fertilizer NPK was applied twice at
rate of 6g/pot, and extracted algae preparation was applied twice at the rate of 5 gm/l
water.

Microorganisms:

The effective fungal antagonists, mycorrhiza and algae extracts are shown in
Table (1). Their high antagonistic effect against wide spectrum of plant pathogens
was proved at their respective departments (El-Sayed, 2004; El-Sayed et al., 2011,
Abouzienaet al., 2013 and Essa et al., 2014).
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Tablel. List of treatments used to control tomato r oot-rot

Treatment Name the Qf Source
application
i - - 0 -
1- Mycorrhiza (AM) g/lr:;co;r“hlza 3%/kg soil Plant Pathol. Dept.,
2- Algae extract (A1) I oreta 5gm/l water | National Res. Centre,
Vu.galr,'s El-Behouth St., Dokki,
3- Algae extract (A2) Spirulina 5gm/l water | 12662 Giza, Egypt
platensis
Veg. Res. Dept., Hort.
4- Fertilization (NPK) 1:1:1 2gm/ kg soil Res. Inst., Agric. Res.
Centre, Giza, Egypt
; . . Plant Pathol. Res. Inst.
- 0, ’
5- Trichoderma (T) T. harzianum | 3% /kg soil Agric. Res. Centre,
6- Pathogen R. solani 3%/kg soil Giza, Egypt
Tested treatments:

1- R. solani + Mycorrhiza (AM)

3- R solani + Spirulina platensis (A2)
5- R solani + Trichoderma (T)
7- R solani + (AM) + (A2)

9- R. solani + (AM) + (T)

11- R solani + (A1) + (T)

13- R solani + (A2) + (T)

15- R. solani only

2- R solani + Chlorellavulgaris (A1)

4- R. solani + Fertilization (NPK)

6- R. solani + (AM) + (A1)

8- R. solani + (AM) + (NPK)

10- R. solani + (A1) + (NPK)

12- R. solani + (A2) + (NPK)

14- R solani + (AM) + (A1) + (A2) + (NPK) + (T)
16- Check.

Determination of growth parameters:

Growth parameters of tomato plants, i.e. shoot height (cm), root length (cm),
plant fresh and dry weights (g/plant) and number of |leaves/plant were measured
40 days after transplanting.

Disease assessment:

The plants were carefully removed two months after planting and maintained for
root-rot severity determination according to the following scale. 0 = healthy roots;
1 = secondary roots are rotten; 2 = secondary root and part of taproot are rotten;
3 = taproot is rotten, 4 = taproot and crown are rotten and 5=death of the plant.
Disease severity was calculated according to (Carling and Summer, 1992).

Assay of total phenolic content:

Total phenolic compounds were calorimetrically determined as described by
Snell and Snell (1953) using the phosphotungestic-phosphomolybdic acid reagent
(Fonlin-Ciocalteu).

Satistical analysis:

Obtained data were analysed by the analysis of variance according to the
procedures of Snedecor and Cochran (1980). Means of all treatments were compared
by the least significant difference LSD at 5% level.
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Results

Isolation and identification:

Isolated fungi from rotted roots of tomato plants were identified and their
frequency percentages were calculated. Data presented in Table (2) show that
Rhizoctonia solani recorded the highest percentage followed by Alternaria alternata
and Fusarium solani, being 37.3; 18.2 and 17.3%, respectively.

Table 2. Frequency (%) of fungi isolated from the rotted root of tomato plants
grown in Kaha Resear ch Station

Isolated fungus Frequency (%)
Rhizoctonia solani Kuhn. 37.3
Alternaria alternata (Fr.) Keisdl. 18.2
Aspergillus sp. 9.6
Fusarium solani (Mart.) Sacc. 17.3
Trichoderma harzianum Rafai. 10.7
Other fungi 6.7

Results in Table (3) show that disease severity was significantly increased in
tomato plants infected by R. solani compared to healthy check. On the other hand,
results showed that inoculation with T. harzianum aong with the pathogen resulted
in alower level of disease severity followed by inoculation with AM fungi, algae
extract of C. wulgaris, fertilizer (NPK), being 26.6, 28.8, 40.0 and 44.4%,
respectively.

Table3. Effect of different treatments on tomato root-rot severity under
greenhouse conditions

Diseases Reduction (%) to
Treatment * severity (%) | infested c(hegk
R. solani + (AM) 28.8 52.0
R. solani + (A1) 40.0 333
R. solani + (A2) 51.1 14.8
R. solani + (NPK) 44.4 26.0
R. solani + (T) 26.6 55.6
R. solani + (AM) + (A1) 37.7 37.1
R. solani + (AM) + (A2) 355 40.8
R. solani + (AM) + (NPK) 40.0 33.3
R. solani + (AM) + (T) 24.4 59.3
R. solani + (A1) + (NPK) 44.4 26.0
R. solani + (A1) + (T) 355 40.8
R. solani + (A2) + (NPK) 44.4 26.0
R. solani + (A2) + (T) 355 40.8
R. solani + (AM) + (A1) + (A2) + (NPK) + T 22.2 63.0
Check (R. solani infested soil) 60.0 0.0
Check (uninfested sail) 46.6 22.3
LSD at 5% 121

* Mycorrhiza= (AM); Algae = Chlorella vulgaris (Al) ; Algae = Spirulina platensis (A2); Fertilization =
(NPK); Trichoderma= (T); Check= uninfested soil; Check= infested soil with R. solani.

Egypt. J. Phytopathol., Val. 43, No. 1-2 (2015)



94 NAGLAA A.S . MUHANNA et al.

Data presented in Table (4) show the effect of various treatments on certain
growth parameters, i.e. stem height, root length, dry and fresh weights of the plants
compared to the check treatments. The observed significant growth due to
T. harzianum, mycorrhiza, algae extract, and fertilizer (NPK), are quite clear
especially for the combined treatment with [mycorrhiza (AM), C. wulgaris (A1),
S platensis (A2), NPK and T. harzianum (T)].

Table 4. Effect of the tested treatments on the parameters of tomato plants
(cv. Castle Rock) grown under greenhouse conditions

Trestment * PIaptfresh Pl_ant dry Sgg?}tt IeRr?g;L No. of

weight (g) | weight (g) (cm) (cm) leaves
R. solani + (AM) 16.8 2.7 27.5 4.8 4.6
R. solani + (A1) 135 18 22.8 34 5.9
R. solani + (A2) 14.5 16 21.5 3.3 43
R. solani + (NPK) 15.0 15 24.0 3.6 3.8
R. solani + (T) 17.8 2.5 33.0 4.2 5.7
R. solani + (AM) + (A1) 18.7 2.2 28.0 5.2 54
R. solani + (AM) + (A2) 19.6 2.2 30.6 51 5.3
R. solani + (AM) + (NPK) 21.5 2.0 34.5 5.6 5.0
R. solani + (AM) + (T) 235 3.2 36.5 55 5.8
R. solani + (A1) + (NPK) 20.3 17 26.0 45 45
R. solani + (A1) + (T) 22.5 2.2 29.5 5.2 5.2
R. solani + (A2) + (NPK) 20.0 18 25.0 5.0 4.0
R. solani + (A2) + (T) 22.0 2.8 28.5 5.3 4.2
R. solani + (AM)+(A1)+(A2)+(NPK)+T 26.5 35 38.0 8.7 6.7
Check (R. solani infested soil) 85 1.0 13.8 2.8 2.1
Check (uninfested soil) 11.5 15 20.5 3.0 31
LSD at 5% 1.25 0.5 2.8 04 0.4

* As described in footnote of Table (3).

Results presented in Table (5) indicate that the formation of soluble phenols was
significantly increased in the infected plants subject to various treatments, compared
to hedlthy checks. The effect of mixed treatments with fungi antagonistic to
R. solani on phenol contents of the infected tomato plants was considered in the
present study. Mycorrhiza treatments significantly increased the total phenol content
in the infected tomato plants (0.83) mg/g fresh weight compared to the infected
plants without mycorrhiza treatment (0.34) mg/g fresh weight, and the healthy check
plants (0.46) mg/g fresh weight. The most promising treatments for total phenol
increase may be recognized for infected plants treated by a mixture of mycorrhiza,
Chlorella vulgaris (A1) and Spirulina platensis (A2), Trichoderma plus fertilization
with the usual NPK, being (1.59) mg/g fresh weight compared to (0.34) mg/g fresh
weight for plants infected with Rhizoctonia alone. Similar results are recognized in
case of infected plants treated with mixed Trichoderma and mycorrhiza treatments,
and treatments with either Trichoderma or mycorrhiza alone.
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Table 5. Effect of treatments on phenol contents of tomato plants cv. Castle
Rock grown in soil artificially infested tested with R. solani, 40 days
after transplanting, under greenhouse conditions

Phenol components as mg/g
Treatment * fresh weight in plant

Free | Conjugated | Tota
R. solani + (AM) 0.230 0.600 0.830
R. solani + (A1) 0.128 0.390 0.518
R. solani + (A2) 0.210 0.350 0.560
R. solani + (NPK) 0.176 0.370 0.546
R. solani + (T) 0.134 0.790 0.924
R. solani + (AM) + (A1) 0.177 0.430 0.607
R. solani + (AM) + (A2) 0.220 0.400 0.620
R. solani + (AM) + (NPK) 0.103 1.180 1.283
R. solani + (AM) + (T) 0.330 1.050 1.380
R. solani + (A1) + (NPK) 0.260 0.590 0.850
R. solani + (A1) + (T) 0.280 0.660 0.940
R. solani + (A2) + (NPK) 0.233 0.330 0.563
R. solani + (A2) + (T) 0.027 0.860 0.887
R. solani + (AM) + (A1) + (A2) + (NPK)+T | 0.110 1.480 1.590
Check (R. solani infested soil) 0.090 0.250 0.340
Check (uninfested soil) 0.155 0.310 0.465

* As described in footnote of Table (3).

Discussion

The present investigation highlights the possibility of controlling root-rot of
tomato by certain antagonistic microorganisms such as Trichoderma harzanum and
mycorrhizal fungi alone with algae extract [Chlorella vulgaris (A1), Spirulina
platensis (A2)] and fertilizer (NPK). The recognized increased growth of the crops
due to mycorrhiza infection may be attributed to improve phosphorous and
micronutrient uptake by the host plant. These treatments also caused an increase in
dry weight of plants raised under controlled conditions in the greenhouse as
a conseguence to the greater uptake of macronutrients and possibly micronutrients
compared to the check treatments. The effect of micronutrients in increasing dry
weight is of course of paramount importance and requires deep investigation
(Jeffries et al., 2003). Moreover, the combined treatment with both T. harzianum
and AMF dso significantly promoted growth as expressed by an increase in stem
length, shoot and root dry weights. The multiple effect of dua inoculation with
T. harzianum and AMF has previously been reported to enhance significantly the
growth more than the single fungus application (Ozbay and Newman, 2004). The
treatment with a combination of T. harzanum, AMF, algae C. wvulgaris (A1),
S platensis (A2) and NPK aso significantly decreased the disease severity
compared to the individual treatments. There are many available literatures on the
antibiosis of the of T. harzianum, and the check plant pathogens concentrating on

Egypt. J. Phytopathol., Val. 43, No. 1-2 (2015)



96 NAGLAA A.S . MUHANNA et al.

several mechanisms including mycoparasitism and induction of systematic defence
mechanism (Yedida et al., 1999 and Harman, 2000) that being resulted in a range of
biopesticides is now available commercially, most of which are based on the fungal
genus Trichoderma (Woo et al., 2006). Some strains of Trichoderma have been
reported to elicit induced systemic resistance and, moreover, colonized roots appear
to be primed for an intense defence response to subsequent pathogen attack
(Reglinski et al., 2012). On the other hand AMF has been known to increase plant
resistance to infection through improved plant nutrition (Declerck et al., 2002).
Classically, four major groups of mycorrhizal mode of action mechanisms that
mediated bio-protection have been considered: (1) direct competition,
(2) mechanism mediated by ateration in plant growth, nutrition and morphology,
(3) biochemical and molecular changes in mycorrhizal plants that induce pathogen
resistance and (4) aterations in the soil microbiota and development of pathogen
antagonism (Vierheilig et al ., 2008).

In the present study, however, there is an evidence on the increased disease
control of R. solani with mixed treatment using algal extract (Chlorella vulgaris
(A1) and Spirulina platensis (A2) as shown by the decreased disease severity, the
combination of algal extracts with either T. harzianum or mycorrhiza had the best
effect on the disease severity compared to check treatments. Mixed T. harzianum
with C. vulgaris (A1), T. harzanum with S platensis (A2) and mycorrhiza with
C. wlgaris (A1), mycorrhiza, S platensis (A2) but no effect was found when
combination was made with NPK treatment.

In this regard macro- and micro- elements have long been recognized as being
associated with size, quality, and yield of crops, and aso with changes in levels of
the incidence of the disease (Rush et al., 1997). Microbial activity in the rhizosphere
is a major factor that determines the availability of nutrients to plants and has
asignificant influence on plant health and productivity (Jeffries et al., 2003).

The effect of mixed treatments with fungi antagonistic to R. solani on phenoal
contents of affected tomato plants was considered in the present study. The
mycorrhiza treatments significantly increased the total phenol content in the infected
tomato plants (0.83) mg/g compared to the infected plants without mycorrhiza
treatment (0.34) mg/g, and the healthy check plants (0.46) mg/g. The most
promising treatments for total phenol increase may be recognized for infected plants
treated by a mixture of mycorrhiza, C. wulgaris (A1) and S. platensis (A2),
Trichoderma plus fertilization with the usual NPK, being (1.59) mg/g compared to
(0.34) mg/g for plants infected with R. solani aone. Similar results may be
recognized in the case of infected plants treated with mixed Trichoderma and
mycorrhiza treatments, and treatments with either Trichoderma or mycorrhiza each
alone.

Generally, the role of phenolic compounds in defence is related to their
antimicrobial and nutritional or unpalatable properties. Plant phenolics may be
divided in two classes. (i) preformed phenolics that are synthesized during the
normal development of plant tissues and (ii) induced phenolics that are synthesized
by plants in response to physical injury, infection or when stressed by suitable
elicitors such as heavy metal-salts, UV-irradiation, temperature, etc. (phytoaexins).
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The mechanism is due to the direct effect of the antagonist in addition to stimulation
of plant resistance by producing active phenols (Cherif et al., 2007).
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