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Abstract

Black scurf and dry rot diseases caused by Rhizoctonia solani and
Fusarium sambucinum are the most limiting factors for potato production.
In laboratory trials, Trichoderma harzianum isolate 3 and T.viride isolate 1
showed highly antagonistic effect against all tested pathogenic isolates of
R. solani and F. sambucinum. All bio compost extracts inhibited linear
growth of R. solani and F.sambucinum, bio compost 3 at 50% concentration
provided highest reduction in linear growth. Drenching soil with tested bio
composts before sowing potato tuber significantly reduce Fusarium dry rot
and Rhizoctonia Black scurf diseases during two cultivation seasons. Bio-
compost 3 followed by bio compost 1 and 2 were the most effective soil
treatments in control of both diseases during two seasons. Moreover, such
treatments resulted highest records of plant growth parameter as well as
quantity and quality of potato tuber yield. The highest records of potato total
tuber yield, nutritional values, and total carbohydrates were observed in bio
compost 3 followed by bio compost 1 and bio compost 2 soil treatments if
compared with compost 4 and control treatments during 1% and 2™
seasons. It could be stated that, field application of composted agricultural
wastes fortified with bio control agents could be suggested as easily soil
biologically soil treatment for controlling fungal soil borne pathogens of
potato especially under organic farming system.

Key words: Bio compost, Biological control, Fusarium dry rot, Potato, Rhizoctonis
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Potatoes (Solanum tuberosum L.) are widely cultivated
and could contribute to reducing worldwide food
shortages. Soil borne diseases are still a major threat to
potato cultivation in Egypt. Several very important potato
pathogens in Egypt originate from soil borne inoculums.
Potato plants are susceptible to devastation by various
diseases such as Black scurf caused by Rhizoctonia
solania and dry rot caused by Fusarium sambucinum
(Frank et al, 1979; Agrios, 1997 and Peters et al,
2008).The soil borne fungal pathogen Rhizoctonia solani
Kihn (teleomorph: Thanatephorus cucumeris (Frank)

Donk) pathogenic to potato is ubiquitous in potato
production worldwide (Banville et al., 1996).The pathogen
can cause lesions (canker) on below-ground plant
tissues, and produces sclerotic on daughter tubers (black
scurf). Both diseases reduce marketable tuber yields. In
the same time Rhizoctonia solani infected plant lets may
develop crown root , root rot ,or stem canker which often
leads to wilting and plant death in the sever cases.
Similarly Fusarium dry rot of seed tubers can reduce
establishment by killing the developing potato spouts.
Also, both diseases can greatly affect tuber quality and
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therefore, can severely reduce its market value (Scholte,
1989 and Sadfi et al, 2002). Control of soil borne
pathogens such as R. solani and F. sambucinum is
difficult because these pathogens survive for many years
as sclerotia in soil or as mycelim in organic matter under
several environmental conditions (El-Kot, 2008) .Control
of Rhizoctonia and Fusarium diseases has commonly
relied on culture practices and on the use of fungicidal
treatments (Ilvanyuk and Aleksandeow, 1996 and Rauf et
al., 2007). However, cultures practices alone are not
efficient and at the present time. Chemical control was
massively applied, however, for the increasing public
concern over the fungicides usage (Ekhlas et al., 2006).

In the recent years alternative control methods are
strongly desired for sustainable agricultural, where
organic amendments play an important role an
environmentally friendly and sustainable alternative to
protect plants against soil borne pathogens .The use of
organic agricultural wastes in this respect can be an
advantageous both in soil fertility, recycling of agricultural
residues and could provide a powerful tool for
management of plant diseases. Compost and /or
composts fortified with bio control agent (bio-compost)
were applied as soil amendments to reduce pathogens
propagates density and protected plants from soil borne
plant pathogens (Huang, 1991; Yogen et al., 2006 and
Khalil and EI-Maghrabia, 2010).

Using agricultural wastes, domestic food wastes or
some grains as substrates for T. harzianum growth
formulation and directly delivery in soil for controlling soil
borne pathogens on some crops were recorded (Hari and
Smosekhar, 1998; Prasad and Ragashwaran, 1999;
Godwin and Arinze, 2000; Liu and Huany, 2000 and El-
Kot, 2008). Sugar can bagasse degraded by Trichaderma
spp was used as soil amendment to improve growth and
yield of many crops. Amendment of compost with
Trichoderma harzianum was reported to accelerate
agricultural wastes composting and improved its diseases
—suppressive effect (Mitra and Nandi, 1994; Nemec et al.,
1996; Ravelo et al, 2000; El-Mohamedy, 2004; El-
Mohamedy et al., 2006, 2010 and 2012).

The present study was designed to investigate the
potential of manipulating soil with bio composts made
from composted agricultural wastes that fortified with
Trichodrema harzianum and /or T. viride in control of
Rhizoctonia back scurf and Fusarium dry rot diseases of
potato as well as the beneficial effect of such treatments
of growth and tuber yield was investigated under organic
farming system.

MATERIALS AND METHODS
Plant material and pathogenic isolates

Different pathogenic isolates of Rhizoctonia solani
and Fusarium sambucinum were isolated from diseased

potato tubers samples collected from different fields
located at Nubaria region, Behera Governorate, Egypt in
previously studies. Three aggressiveness isolates of
each R. solani and F. sambucinum were used in the
present study. Potato seeds cv. Diamond were used for
cultivation under field conditions.

Antagonistic of Trichoderma spp. against R. solani
and F. sambucinum in vitro

The antagonistic ability of Trichoderma harzianum and T.
viride was tested against F. sambucinum and R. solani
the causal pathogens of dry rot and black scurf diseases
of potato respectively, using Dual culture technique
(Ferreria et al,1991). A 5-mm disk of T. harzianum
growth culture was placed onto the PDA, 10 mm from the
edge of the Petri dish. Another disk of the same diameter
of F. sambucinum fungal growth culture was placed on
the opposite side of the dish at the same distance. The
control treatment was inoculated with a culture disk of
either pathogenic or antagonistic culture alone at the
same conditions. All inoculated Petri dishes were
incubated at 25+2°C and the fungal growth diameter
away from and towards the antagonist agent was
measured after the pathogenic fungal growth in the
control treatment had reached the edge of the Petri dish.
The radial growth of the all treatments was measured
after 8 days of incubation periods and the percentage of
reduction in fungal growth was calculated.

Effect of bio-compost extracts (bio-composts tea) on
pathogens growth in vitro

A modified technique from Szczech (1999) and Bernal-
Vicente et al. (2008) was applied to measure the
inhibitory effect of the compost extracts on linear growth
of F. sambucinum and R. solani growth. Compost
extracts were prepared by mixed different samples of
tested bio-composts with tap water at a 1:2 ratio (w/v)
and extracted at 25°C for 48 h. After incubation, the
mixtures were filtered through cheesecloth and the clean
extracts were sterilized by autoclaving. PDA media were
prepared with low water content and after autoclaving
they were filled with the filtered extracts in concentrations
of 0, 10, 20, 30, 40 and 50 %. Discs (5 mm) of 7-day-old
of each F. sambucinum and R. solani mycelium were
placed in the center of each plate, which were then
incubated at 27°C for one week .The radial growth of the
all treatments was measured after 8 days of incubation
periods and the percentage of reduction in fungal growth
was calculated.

Bio composts Preparation

Three available agricultural residues, i.e. sugarcane bag-



asse (industrial wastes of sugarcane), rice straw and
soybean straw were used as raw materials for compost
formulation according to the rapid composting method
described by Cuevas (1993) and EI-Mohamedy (2004).

A mixture of sugarcane bagasse + rice straw +
soybean straw was ground to small pieces, then, 8.0g
ammonium sulphate, 20.0g super phosphate, 20.0g
potassium sulphate were added to each 1 kg of ground
mixture (400 mL/1kg) and mixed thoroughly the packed
into polyethylene bags. All polyethylene bags were
autoclaved for 1 hr at 121°C and left at room temperature
25C for 14 days. The bags contained composted
agricultural wastes were divided into four types of
composts as follow:

Bio compost 1: compost inoculated with 50 mL/Kg spore
suspension 3x106 spore/mL of Trichoderma harzianum
isolate 3(Th3).

Bio compost 2: compost inoculated with 50 mL/Kg spore
suspension 3x106 spore/mL of T. viride isolate 1 (Tv1).
Bio compost 3: compost inoculated with 25 mL/Kg spore
suspension 3x106 spore/mL of each T. harzianum Th3
and T. viride Tv1.

Compost 4: compost of sugarcane bagasse + rice straw
+ soybean straw without inoculated by bio agent. All
inoculated and uninsulated bags were incubated for 14
days at room temperature (25-27°C). Then composted
agricultures wastes that fortified with bio agents (T.
harzianum and T.viride) were used as bio compost for
direct incorporation into the field soil.

Management of Rhizoctonia black scurf (RBS) and
Fusarium dry rot (FDR) diseases under field
conditions

The efficiency of manipulation soil with different
formulations of bio composts to control soil borne
pathogens, i.e., Rhizoctonia solani and Fusarium
sambucinum the causal agents of RBS and FDR
diseases of potato, respectively were studied during two
winter growing seasons 2013and 2014. Field experiment
consisted of plots 42 m? (3x14m) in area with three
replicates for each treatment as well as control. Each plot
comprised of 3 lines with 60 cm between holes. Potato
tuber cv. Diamond was planted in the private farm with
history of RBS and FDR diseases of potato at Nobaria
providence, Beheria Governorate, Egypt. Whole potato
tuber were sown (one tuber /hole) in two winter growing
seasons 2013and 2014. The experiment was carried out
using a randomized complete block design with four
replicates and five treatments as follow: T1 = Bio
compost 1 (Compost fortified with T. harzainum isolate 3
-TH3). T2 = Bio compost 2 (Compost fortified with T.
viride isolate 1-TV1). T3 = Bio compost 3 (Compost
fortified with T.harzianum isolate 3 -TH3 + T. viride isolate
1-TV1). T4 = Compost 4 (composted agricultural
wastes of sugar bagasse, soybean and rice straw without
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inoculated with any bio agents). T5 = Control (non soil
treatment). Compost and bio composts soil treatments
were applied at the rate of 750 g / m? in the top of 20 cm
of the soil surface during soil preparation 10 days before
potato planting.

Assessment of Rhizoctonia black scurf (RBS) and
Fusarium dry rot (FDR) Diseases

Plants were evaluated throughout 60 days for stem and
tuber diseases signs (stem lesion, canker, girdling,
pruning, and stolen pruning). A plant is considered
infected with Rhizoctonia black scurf (RBS) when one or
more than of these signs appeared. Incidence of these
was expressed in percentage by dividing infected plants
on the total plant emergence. The severity of the RBS
disease was determined on a zero to 5 scale, with zero
indicate no signs, 1 - small lesions (0.2cm long), 2-
medium lesion (0.2cm long), 3 - canker (0.3cm long), 4 -
girdling of stem and 5- pruning of stem (Frank et al.,
1979). Fusarium dry rot (FDR) was determined as
percentage of infected tuber in a 200-tuber sample.

Plant growth measurements

A sample of 10 plants was randomly taken at flowering
stage (60 days after sowing date), from each
experimental plot for determining growth characters of
potato plant, as follows: Plant height from soil surface to
the highest point of the plant, number of leaves and
branches per plant as well as fresh and dry weight of
leaves, branches and whole plant.

Total bulbs yield parameters

At harvesting stage (90 days after sowing), total yield
from each plot were harvested. The following data were
recorded: number of tubers per plant, number of tubers
per m®, weight of tubers per plant (g), weight of tubers
(ton\fed.), fresh weight of tuber (g) and tuber size (cm3)
as well as fresh and dry weight of tuber (g) was also
calculated.

Nutritive value of tubers

A random sample of 10 tubers at harvested were taken
and the following data were recorded: N percentage in
tuber was determined according to the method of Pregl
(1945). In addition, protein percentages in tuber were
calculated by multiplying nitrogen content by 6.25.
Potassium was assayed using flame spectrophotometer
according to Allen et al. (1984). Phosphorous was
extracted and measured spectrophotometer according to
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Table 1. Fungal growth reduction (%) of R. solani and F.sambucinum affected by Trichoderma

spp. on PDA medium in vitro.

R. solani

F. sambucinum

Trichoderma spp Linear growth  Reduction Linear growth  Reduction
isolate (mm) % (mm) %

T. harzianum Th1 22b 75.5 29b 67.8

T. harzianum Th2 18c 80.0 24bc 73.3

T. harzianum Th3 10d 88.8 14c 84.4

T. viride Tv1 13d 85.5 18c 80.0

T. viride Tv2 25b 72.2 28b 68.8

T. viride Tv3 22b 75.5 26b 711
Control 90a 0.0 90a 0.0

Means followed by the same letter are not significantly different at P < 0.05.

Jackson (1965). As well as Fe, Mn, Zn and Cu (ppm)
were determined using flame ionization atomic absorption
spectrophotometer model 1100 B according to the
method of Chapman and Pratt (1978). In addition, total
tuber carbohydrate was determined according to the
method of Dubois, et al (1960).

Statistical Analysis

All data obtained were subjected to statistical analysis
according to the procedures reported by Snedecor and
Cochran (1982) and Tukey test for multiple comparisons
among means was utilized (Neler et al., 1985).

RESULTS AND DISCUSSION

Antagonistic activity of Trichoderma spp. against R.
solani and F.sambucinum in vitro

The antagonistic ability of three isolates of each T.
harzainum and T. viride against R. solani and F.
sambucinum on PDA medium was recorded in Table (1).

All isolates of Trichoderma spp. have antagonistic
effect against R. solani and F.sambucinum with different
degrees of inhibition.

T. harzainum isolates cause reduction in linear
growth R.solani by 75 .5-88.8% and F. sambucinum by
67.8-84.4%. Meanwhile, T. viride isolates cause
reduction in linear growth of the same pathogens by 72.2-
85.5% of Rwsolani and by 68.8-80.0% of F.
sambucinum.T. harzainum isolate(Th3) and T.viride
isolate (Tv1) caused highest reduction in linear growth
(88.8 % and 85.5%) of R. solani and (84.4% and 80.0%)
of F. sambucinum.

In general T. harzainum inhibited the linear growth of
all tested pathogens by overcoming their growth in Peri-
dishes. Similar results were reported by many
investigators (Andersen et al. 2003; Khalil and Al-
Mughrabia, 2010; Sadfi et al., 2002). The inhibition in the
growth of the fungal pathogens could be attributed to

antibiosis, hyperparasitism or production of chitinase and
B-1,3 glucanase enzymes which degrade the cell wall
leading to lyses of mycelium of the pathogen (Windhan et
al.,, 1986 and Ahmed and Baker, 1987). Therefore, these
tow bio control isolates Th3 and Tvi were selected as
bio-inoculant for preparation different types of bio
composts formulation used in this study.

Effect of bio-composts extracts on R. solani and
F.sambucinum growth in vitro

All tested concentrations of the bio-composts extracts
inhibited the in vitro the linear growth of R. solani and
F.sambucinum when compared with control treatment.
The inhibitory effect increased by increasing
concentration of bio-compost extracts.

Extract of bio compost 3 (compost fortified with
T.harzianum isolate 3 and T. viridi isolate 1) provided
highest reduction records in linear growth of R. solani and
F. sambucinum compared with the other extracts,
reducing mycelia growth of the two pathogens by up to
88.8 % and 75.5% respectively at 50% concentration
Table (2). Bio-compost 1 and 2 extracts at 50%
concentration showed considerable effect, provided
inhibitory effect reach to 70.0 and 65.5% of R. solani,
65.5 and 61.1% of F. sambucinum. Extracts of compost
1, 2 and 3 at 30 % concentration showed less inhibitory
effect, as the reduction of linear growth reach up to
38.8% of R. solani and 33.3% of F.sambucinum
.Meanwhile, bio-compost 4 showed inhibitory effect reach
to 26.6% and 16.6 % at 30% concentration. These results
are harmony with recorded by many investigators (Yogen
et al, 2006 and Khalil and El-Maghrabia, 2010), they
noted that compost could provide natural biological
control for some plant diseases. Its water extracts
(compost tea) has been proposed as substitutes for
synthetic fungicides.

The suppressiveness on linear growth of the tested
pathogens shown by compost extracts is a combination
of various factors, such as competition for nutrients,
antibiosis, and production of lytic enzymes outside the
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Table 2. Percentage of reduction in fungal growth of R. solani and F.sambucinum by different bio -compost extracts

(compost tea) on PDA medium in vitro.

Compost Pathogen Concentration
type 10% 20% 30% 40% 50%
LG R%» LG R% LG R% LG R%» LG R%
Bio-compost R. solani 84b 6.6 72c 20.0 60c 333 42ef 533 27¢ 70.0
1 F.sambucinum 85b 55 80b 111 70b 222 48e 46.6 31d 655
Bio-compost R. solani 86b 44 74c 17.7 64c 28.8 45¢ 50.0 31d 65.5
2 F.sambucinum 86b 44 76b 155 72b 20.0 60c 333 35d 61.1
Bio-compost R. solani 81b 10.0 72c 20.0 55d 388 40f 555 10f 88.8
3 F.sambucinum 85b 6.5 70c 222 60cd 333 44f 433 22¢ 755
Compost 4 R. solani 86b 44 80b 111 66c 266 55d 37.8 45c 50.0
F.sambucinum 88a 22 88a 133 65c 16.6 65b 27.7 50b 444
Control R. solani 90a 0.0 90a 0.0 90a 0.0 90a 0.0 90a 0.0

Bio-compost 1= Compost fortified with Th3 isolate, Bio-compost 2= Compost fortified with Tv1 isolate, Bio-compost
3= Compost fortified with Th3 isolate + Tv1 isolate, Compost 4= composted agricultural wastes
Means followed by the same letter are not significantly different at P < 0.05.

cells and of low molecular weight molecules, which are
capable of degrading the fungus wall (Dianez et al.,
2006).

Management of Black Scurf and Dry Rot Diseases in
Field Conditions

Influence on Rhizoctonia black scurf and Fusarium
dry rot diseases incidence

The experiments were carried out under field conditions
to evaluate the effect of different bio-composts as
biologically soil treatments on management of black
scurf and Fusarium dry rot of potato under naturally
infested soil at private farm at Nobaria province, Beharia
Governorate during winter cultivations 2013/2014
seasons.

Manipulating soil by different bio composts as
biologically soil treatments significantly reduced the
diseases incidence of black scurf and dry rot on potato.
The highest records of reduction were provided by bio-
compost 3 followed by bio- compost 1 treatments,
meanwhile bio-compost 2 show considerable effect if
compared with compost 4 and control treatments during
two seasons. Drenching soil before potato sowing with
bio-compost 3 reduced black scurf disease incidence
and severity by 70.6%; 74.4 and 75.0% and 62.5%;
65.0% respectively. While bio compost 1 and bio
compost 2 provided considerable control of black scurf
disease, they reduced black scurf disease incidence and
severity by 63.1%; 66.9 and 57.5, 60.3% during the same
seasons respectively. Compost 4 (non fortified with bio
agent) soil treatment showed lowest records of reduction
in disease incidence (42.4 and 44.6%) and severity (43.0
and 39.0%) during two seasons. Results in Table(3) also
clearly show that all tested bio composts soil treatments
has highly effect on decreasing of Fusarium dry rot

incidence than black scurf disease. Bio-compost 3 soll
treatment provided highest records in reduction Fusarium
dry rot of on potato tubers (82.3 and 83.8%) followed by
bio compost 1 (68.8 and 74.1%) compared with 41.1%
and 48.3% of compost 4 during two seasons,
respectively. Meanwhile, bio compost 2 provided
considerable reduction (55.8% and 61.2%) during the
same seasons if compared with compost 4 and control
soil treatments.

In this respect, our results are agreement with
providing by many researchers (Hari and Smosekhar,
1998; Prasad and Ragashwaran, 1999; Godwin and
Arinze, 2000; Liu and Huany, 2000; EI-Mohamedy, 2004).
They Using agricultural wastes, domestic food wastes or
some grains as substrates for T. harzianum growth
formulation and directly delivery in soil for controlling soil
borne pathogens on some crops were recorded. El-
Mohamedy et al, found that amended soil around
stems of diseased mandarin trees by bio compost
(BCAW) and Topsin-M (1 g/L) treatments as twice
applications per season resulted in recovering great
number of diseased trees and decreased the disease
severity on others. Population density of Fusarium spp.
was highly decreased, where population density of
Trichoderma spp were increased in rhizosphere soil of
treated trees by bio compost (BCAW). Several
researchers have already proved bio compost soil
amendment to suppress soil borne disease on many
economic crops. Such means comprise elimination of
pathogens density in the soil and maintaining soll
condition, favorable for root development and
enhancement the competitive ability of bio agents against
pathogens. Therefore, these methods introduced efficient
disease control and incensing yield of many crops
(Huang, 1991; Voland and Epstein, 1994; Ceuster and
Harry, 1999; Davis et al., 1996; Lazarovites, 2001; El-
Mohamedy, 2004; 2006 and 2012). Soil amendment
with agricultural wastes alone or in combination with bio-
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Table 3. Influence of soil treatment with different bio composts formulations on incidence of black scurf and dry

rot diseases of potato plants under field conditions.

black scurf Fusarium dry rot
Soil treatment Disease Reduction Disease Reduction Number Disease Reduction
Infection % severity % of Incidence %
infected
tuber
First season
Bio-compost 1 11.8¢c 63.1 10.2¢ 57.5 14c 6.0c 68.8
Bio-compost 2 14.0c 56.2 12.0c 50.0 15¢ 7.5¢C 55.8
Bio-compost 3 9.4d 70.6 9.0d 62.5 6d 3.0d 82.3
Compost 4 18.4b 424 15.8b 34.0 20a 10b 411
Control 32.0a 0.0 24.0a 0.0 34a 17.0a 0.0
Second season
Bio-compost 1 9.2c 66.9 8.4c 60.3 8d 4.0c 741
Bio-compost 2 11.8¢c 57.5 10.0c 52.8 12¢ 6.0c 61.2
Bio-compost 3 7.2d 741 7.4d 65.0 5d 2.5d 83.8
Compost 4 15.4b 44.6 12.8b 39.6 16b 8.0b 48.3
Control 27.8a 0.0 21.2a 0.0 31a 15.5a 0.0

Bio-compost 1= Compost fortified with Th3 isolate, Bio-compost 2= Compost fortified with Tv1 isolate
Bio-compost 3= Compost fortified with Th3 isolate + Tv1 isolate, Compost 4= composted agricultural wastes.
Means followed by the same letter are not significantly different at P < 0.05.

control agents was recommended for controlling soil
borne pathogens and increasing the yield of many
crops. Elad et al., noted that stem rot of groundnut
reduced by up to 83 % when T. harzianum formulation in
wheat bran-sand soil mixture was added to soil (30 g/kg
soil).

Control of root rot pathogens through amended soil
with organic materials formulated with bio-control agents
may be attributed to: 1) increasing the activity of
indigenous micro flora resulting suppression of
pathogens population on through competition or specific
inhibition. 2) Releasing degradation compounds such
carbon dioxides, ammonia, nitrites, saponine or enzymes
which are generally toxic to the pathogens. 3) inducing
plant defense mechanisms. 4) Cellulose and glucanese
are prevalent to high concentration in soil as a result of
biodegradation of cellulose and lignin (Tsao and Oster,
1981; Windham et al., 1986; Mitra and Nandi, 1994; Liu
and Huang, 2001). In this respect Trichoderma spp. are
formulated and marketed as biological control agents
(BCAs) for numerous plant pathogens, including R. solani
(Whipps and Lumsden, 2000).

Influence on potato Growth characters

It is interesting to note that drenching soil before sowing
potato seeds with bio compost treatments was very
important in reducing both black scurf and dry rot
diseases under field conditions, and improving the final
tubers yield of potato.

Influence of soil treatment with different bio composts
formulations gained a significant effect on the most

potato plant growth parameters compared to the control
treatment (Table 4). Whereas, in both cultivation seasons
, all bio composts and compost soil treatments resulted
the best plant vigor, i.e. the tallest plant, heaviest number
of leaves and branches per plant, fresh and dry weight of
leaves, branches and whole plant Bio-compost 3
followed by bio compost 1 and 2 were the most effective
soil treatments as the highest records of plant growth
parameter maintained above were observed if compared
with those recorded with control treatment. However,
potato plants sowing in soil amended with compost 4
show least records of plant vigor's parameters .These
findings were true in both two seasons.

The obtained data are in good accordance with those
which previously reported by (Sarhan et al.,, 2011; Adavi
and Tadayoun, 2014) they noted that tuber size, number
of tuber per plant, tuber yield, and starch yield were
significantly higher in inoculated plants by bio fertilizer
than in non-inoculated plants. Therefore, bio fertilizer
could be considered as a suitable substitute for chemical
phosphorus fertilizer in organic agricultural systems. It is
also could be noted that, the superiority of potato plant
growth that obtained by bio composts soil treatments
might be attributed to increased photosynthetic activity
and increased production and accumulation of
carbohydrate. As bio composts soil treatments may be
provide organic acids that help dissolve soil nutrients and
make them available for the plants.

Organic fertilizers, such as compost or bio compost
provide slow release fertilizer growth, yield and nutrients
values of potato plants if compared to chemical fertilizer
(Shafeek et al., 2001), play a key role in water uptake
(Marulanda et al.,, 2007), increased antioxidant activity
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Table 4. Influence of soil treatment with different bio composts formulations on tuber on growth characters of potato plants during

two seasons.

Treatments Plant No. of Fresh weight (g) Dry weight (g)
length (cm) leaves branches leave branches Total leave branches Total
First season
Bio-compost 3 53.53 43.33 10.33 158.33 168.47 321.37 17.47 19.63 36.57
Bio-compost 1 53.07 42.33 8.33 156.53 158.57 316.90 16.80 19.10 36.43
Bio-compost 2 49.43 41.67 8.00 153.37 156.50 31250 16.50 17.53 33.87
Compost 4 47.70 39.00 7.67 152.90 152.97 309.87 16.20 17.37 33.73
control 44.10 36.67 7.00 136.47 141.13 277.60 16.07 16.47 32.53
LSD 5% 1.81 N.S. 1.18 3.28 2.24 3.34 N.S. 1.32 1.71
Second season
Bio-compost 3 68.13 72.33 12.00 298.13 130.13 428.27 23.93 20.77 44.70
Bio-compost 1 60.63 68.33 10.33 296.27 122.30 418.57 23.23 18.53 41.77
Bio-compost 2 59.07 67.33 10.33 276.63 120.57 396.70 21.83 17.70 39.53
Compost 4 58.53 64.67 9.67 274.37 119.97 394.93 21.13 16.23 37.37
control 53.77 61.33 9.00 255.63 116.10 371.73 19.43 14.23 33.67
LSD 5% 2.09 2.09 0.64 9.41 3.12 10.86 0.73 1.11 1.38

Bio-compost 1= Compost fortified with Th3 isolate, Bio-compost 2= Compost fortified with Tv1 isolate,
Bio-compost 3= Compost fortified with Th3 isolate + Tv1 isolate, Compost 4= composted agricultural

wastes.

(Marulanda et al., 2007), altered a quaporin expression
(Uehlein et al., 2007), osmotic adjustment (Wu and Xia,
2006), hormone relations (Estrada-Luna and Davies,
2003), bio control of pathogens (Ozgonen et al., 2001),
soil fertility, plant nutrition, enhancing the uptake, and
translocation of mineral nutrients (mainly P, N, S, K, Ca,
Fe, Cu, and Zn) from soil to host plants (Ceccarelli et al.,
2010).

The application of Trichoderma spp. has been
associated with reduced R. solani diseases on crops
including bean, cotton, tomato, beet and potato (Grosch
et al., 2006 and Verma et al.,, 2007). Moreover, diverse
Trichoderma spp. has been associated with increased
crop productivity in species such as tobacco, tomato and
radish (Gravel et al., 2007 and Hoyos- Carvajal et al.,
2009; Hermosa et al., 2012). Growth promotion by the
application of Trichoderma spp. has not been extensively
studied in potato, although there are reports of other
plant-associated microorganisms promoting potato plant
growth (Kumar et al., 2013).

Influence on Total tuber yield and its components:

Concerning to the effect of different bio composts
formulations (compost fortified with TH3 isolate + TV,
isolate) on the total yield and its components of potato
plant, the resulted data showed that all bio compost soil
treatments had an enhancement in tuber vyield
parameters and its components if compared with control
treatment Tables (5 and 6) . Results in Table(5) show
that all tested soil treatments cause an increasing in the
average of tuber yield /plant and calculated tuber yield
/feddan (4200m). The highest records of potato total
tuber yield were observed in bio compost 3 (13.42 and

20.11 ton\fed) followed by bio compost 1 (12.56 and
16.95 ton\fed) and bio compost 2 (12.54 and 16.64
ton\fed) soil treatments, if compared with 11.75 and
15.76; 11.43 and 12.79 ton\fed in compost 4 and control
treatments during1™ and 2" seasons respectively. The
highest records of number of tubers /plant, number of
tuber m2, weight of tuber\plant, tuber size as well as fresh
and dry weight of tuber were also observed in plants
sowing in soil treated by bio compost 3-soil treatment.
Meanwhile, the least records of the same parameters of
tuber yield were recorded with compost 4 and control
treatments.

Generally, it could be abstracted that, the application
of the bio compost 3 was the best favorable effect on the
total yield of potato tubers. In addition, it could be stated
that, the bio-compost 3 gained an enhancement plant
productively if compared to the control treatment. The
higher total tubers yield of potato obtained from using the
bio-compost 3 may be due to increasing potato plant
growth characters and reduction in diseases incidence
(Table 3 and 4). Many workers applied compost
particularly with bio agents for vegetable plants and their
results supported the obtained data (Shafeek ef al., 2001,
Ceccarelli et al., 2010, Sarhan et al., 2011 and Adavi and
Tadayoun, 2014). Trichoderma spp. have also been
shown to promote plant root development, which is often
associated with increased plant yield and biomass
(Harman et al., 2004). The yield increase measured in
the present study may have resulted either from
suppression of Rhizoctonia black scurf and Fusarium dry
rot diseases , or from direct interactions between the bio
compost soil treatments and the potato plants, for
example from hormone regulation or nutrient acquisition
(Hermosa et al., 2012); or possibly from a combination of
both these effects.
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Table 5. Influence of soil treatment with different bio composts formulations on total yield and its components of

potato plants during two seasons.

Treatments Parameter of potato tuber yield
No. No. Wt. tuber Wt. total Fresh Wt. Dry Wt. Tuber
tuber tuber \ plant (g) tuber tuber Tuber size
\ plant \m? Yield (9) (9g) cm?
(ton\fed)
First season
Bio-compost 3 12.0 46.0 1373.5 13.42 126.03 23.13 128.67
Bio-compost 1 11.3 44.3 1293.8 12.56 117.13 20.47 128.33
Bio-compost 2 10.3 43.7 1145.8 12.54 112.07 18.97 125.67
Compost 4 9.7 39.0 1042.4 11.75 109.30 18.47 121.00
control 9.3 36.7 956.3 11.43 105.30 16.50 116.33
LSD at 5% 1.0 3.03 94.7 0.76 3.479 1.29 3.756
Second season
Bio-compost 3 11.3 48.0 1400.5 20.11 119.73 19.90 170.33
Bio-compost 1 10.7 44.7 1248.4 16.95 115.80 19.27 160.33
Bio-compost 2 10.3 43.0 1238.8 16.64 115.30 17.87 160.00
Compost 4 10.3 42.2 1127.6 15.76 113.27 16.27 154.00
control 9.0 35.7 915.9 12.79 106.63 15.07 129.00
LSD at 5% 0.45 1.03 72.08 1.43 3.97 0.72 3.29

Bio-compost 1= Compost fortified with Th3 isolate, Bio-compost 2= Compost fortified with Tv1 isolate.
Bio-compost 3= Compost fortified with Th3 isolate + Tv1 isolate, Compost 4= composted agricultural wastes.

Table 6. Influence of soil treatment with different bio composts formulations on total chemical tuber contents of

potato plants during two seasons.

Treatments Chemical tuber contents % Chemical tuber contents ppm Total
N Protein P K Fe Mn Zn Cu Carbo-
hydrate
First season
Bio-compost 3 1.54 9.63 0.37 2.59 303.667 53.33  50.00 13.97 74.40
Bio-compost 1 1.52 9.53 0.31 2.57 282.333  48.00 45.67 13.00 7217
Bio-compost 2 1.31 8.17 0.27 2.48 278.000 47.67  43.67 12.67 71.87
Compost 4 1.23 7.70 0.25 2.44 268.000 41.33  39.67 11.73 71.77
Control 1.05 6.53 0.25 2.42 256.333 34.67  39.33 11.30 66.37
LSD at 5% 0.09 0.53 0.02 0.06 7.436 4.69 1.99 0.67 0.72
Second season
Bio-compost 3 1.34 8.43 0.15 2.79 300.667  46.00  46.67 13.50 74.700
Bio-compost 1 1.29 8.10 0.12 2.67 277.000 44.33  43.33 12.40 70.500
Bio-compost 2 1.19 7.43 0.11 2.59 276.333 41.33  42.33 11.93 70.300
Compost 4 1.16 7.23 0.10 2.52 274.000 39.67  41.67 11.60 67.533
Control 0.90 5.67 0.08 2.07 257.667  34.33  40.33 11.37 63.900
LSD at 5% 0.10 0.66 0.03 0.33 11.405 5.28 2.62 0.98 4.253

Bio-compost 1= Compost fortified with Th3 isolate, Bio-compost 2= Compost fortified with Tv1 isolate,
Bio-compost 3= Compost fortified with Th3 isolate + Tv1 isolate, Compost 4= composted agricultural wastes.

The obtained data are in good accordance with those
which previously reported by (Sarhan et al, 2011 and
Adavi and Tadayoun, 2014) they noted that tuber size,
number of tuber per plant, tuber yield, and starch yield
were significantly higher in inoculated plants by bio
fertilizer than in non-inoculated plants. Similar results
have cleared that the suppression of black scurf, scab
and Verticilium wilt of potato as a result of sail
amendment with organic manure (Matsuzaki et al., 1998;

Davis et al, 1996; Ivanyuk and Aleksandeow, 1996).
Sugar can bagasse degraded by Trichaderma spp was
used as soil amendment to improve growth and yield of
pea, cowpea, potato and citrus (Mitra and Nandi, 1994
and El-Mohamedy et al., 2010).

In newly cultivated soil organic material is frequently
recommended to prevent the increase of pathogens
inoculums and this was attributed to the unfavorable
condition that produces by organic and bio compost soil



amendments. Moreover, such soil treatments enhance
toxicity and antagonistic ability of bio control agents
against soil borne plant pathogens. These probably
contributed to the higher nutrient contents, which reflect
on enhancement of plant growth vigor's and quality of
tuber yield (Matsuzaki et al., 1998. Ekhlas et al., 2006; EI-
Mohamedy, 2004; El-Mohamedy et al., 2006, 2010 and 2012).

Influence on tuber total chemical contents

The application of bio-compost 3 for potato tuber
chemical contents (Table 6) resulted more the
percentage of nutritional values, i.e., protein, N, P and K
as well as the contents of micronutrients expressed as
Fe, Mn , Zn and Cu and total carbohydrates in tube
tissues if compared with the no supplied plants.

Moreover, potatoes plants, which sowed in soil treated
with bio compost 3, bio compost 1 and 2 soil treatments
resulted the best tuber chemical properties as in a
comparison with that of compost 4 and control treatments
during two cultivations seasons. These results were
similar in the two experiments of 2013 and 2014. It could
be concluded that, soil treated with bio compost 3 had an
enhancement in the chemical constituents of potato
tubers. This might be attributed to the role of each
compost or bio composts formulations in plant
metabolism, which reflected on the total tubers yield and
its chemical properties. Many authors studied the
response of vegetable plants to the application of
compost and bio composts formulations and their reports
are in good accordance with that which written here
(Shafeek et al., 2001; David et al., 2007, Sarhan, 2008,
Sarhan, 2011 and Adavi and Tadayoun, 2014).

CONCLUSION

In the present study, Trichoderma harzainum and T.
viride were screened for Fusarium dry rot and
Rhizoctonia black scurf diseases suppression and
improved growth and tuber yield of potato plants under
field condition. T harzainum and T. viride showed
potential as a bio control agents against R. salami and
F.sambucinum. Furthermore, this research has
demonstrated that biologically soil treatment with
composted agricultural fortified with such bio control
agents (bio compost 1, 2 ,and 3) resulted in suppressive
both Fusarium dry rot and Rhizoctonia black scurf
diseases and increased potato plant growth ,quantity
and quality of tuber yield during two seasons . Further
research will be conducted to assess the potential of bio
compost as a commercial product for biological control of
soil borne pathogens under organic farming system.

REFERENCES

Adavi, Z. and Tadayoun M.R. (2014) Effect of mycorrhiza application on

El-Mohamedy et al. 147

plant growth and yield in potato production under field conditions
Iranian Journal of Plant Physiology, Vol (4), No (3): 1087- 1093.

Agrios G.N. (1997) Plant Pathology, 4th ed. Academic Press, San
Diego CA., USA: 635-646.

Ahmed J.S., Baker R. (1987) Competitive saprophytic ability and
cellulolytic activity of rhizosphere competent mutants of
Trichoderma harzianum. Phytopathology 77: 358- 362.

Allen, S.F., H.F. Grimshaw and Rowl A.B. (1984) Chemical Analysis. In:
Methods in plant Ecology, Moor, PD and S.B. Chapman (Eds).
Blackwell, Oxford, UK, pp: 185-344.

Andersen J.B., Koch B., Nielsen T.H., Sorensen D., Hansen M., Nybroe
0., Christophersen C., Sorensen J., Molin S., Givskov M. (2003)
Surface motility in Pseudomonas sp. DSS73 is required for efficient
biological containment of the root-pathogenic microfungi
Rhizoctonia solani and Pythium ultimum. Microbiology 149: 37-46.

Banville GJ, Carling DE, Otrysko BE 1996. Rhizoctonia disease on
potato. In: Sneh B, Jabaji-Hare S, Neate S, Dijst G ed. Rhizoctonia
Species: Taxonomy, Molecular Biology, Ecology, Pathology and
Disease Control. Kluwer Academic Publishers, Dordrecht, The

Netherlands. Pp. 321-330.

Bernal-Vicente A., Ros M., Tittarelli F., Intrigliolo F., Pascual J.A. (2008)
Citrus compost and its water extract for cultivation of melon plants in
greenhouse nurseries. Evaluation of nutriactive and biocontrol
effects. Bioresource Technology 99: 8722-8728.

Ceccarelli, N., M. Curadi, L. Martelloni, C. Sbrana, P. Picciarelli and
Giovannetti M.. (2010) 'Mycorrhizal colonization impacts on phenolic
content and antioxidant properties of artichoke leaves and flower
heads two years after field transplant'. Plant Soil, 335: 311-323.

Ceuster, J. J.; A. J. Harry and Hoitink J. (1999) Using compost to
control plant diseases. Bio-control 61 : 1-5.

Chapman, H.D. and Pratt P.F. (1978) Methods of Analysis for Soils,
Plants and Waters. Univ. California, Div. Agric. Sci., Priced Pub,
4034.

Cuevas VC (1993) .Rapid composting fits rice farmers. ILEIA 9:11-12
(http//:www.bswm.da.gov.ph/techap 10. html)

Davis JR ;Hiusman OC ; Westerman DT ; Hafez Sl and Shneider AT
(1996) Effect of green manures on Verticillium wilt of potato .
Phytopathology86: 444- 453.

Dianez, F. M. Santos, A. Boix, M. de Cara, I. Trillas, M. Avilés and J.C.
Tello (2006) Grape Marc Compost Tea Suppressiveness to Plant
Pathogenic Fungi: Role of Siderophores Compost Science &
Utilization, 14( 1): 48-53.

Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Robors and Smith F. (1960)
Colorimetric method for determination of sugars and related
substances. Analytical Chem., 28(3):

Ekhlas H and Yousif H (2006) Cultural practices for management of
Rhizoctonia diseases in potato .Journal of King Saud Univ. 18(2):
141-148.

El-Kot GAN (2008) Biological control of black scurf and dry rot of potato
.Egypt J. Phytopathology 36(1-2): 45-56 .

El-Mohamedy, R.S.R., Diab M. M. ; Abd El-Kareem F. and Eman S.F.
(2010) Management of dry root rot disease of mandarin (Citrus
reticulate Blanco) through bio composted agricultural wastes.1"
International conference of bio processing and applied of microbial
biotechnology in agriculture November 1-3 ,2010 Cairo , Egypt

El-Mohamdy,R.S.R. (2004) Control of Fusarium root rot disease on
mandarin by soil amendment with Trichoderma harzianum grown
on bagasse (sugar can waste) . J. Agric. Sci. Mansoura Univ .
Cairo 29(1):83 -95

El-Mohamedy , R.S. R.; Abd —Alla , M.A. and Badiaa,R.I. (2006) Soil
amendment and seed bio-priming treatments as alternative
fungicides for controlling root rot diseases on cowpea plants in
Nobria province. Research J. Agric and Biological Sci . (Pakistan )
2(6) : 391-398.

El-Mohamedy S.R., M.M. Abdel-Kader, F. Abd-El-Kareem, M.A. Abd-
Allah, N.S. EI- Mougy, N.G. El-Gamal and Y.O. Fatouh (2012) Field
application of bio compost to control Fusarium dry rot disease of
potato in newly Reclaimed lands. Journal of Agricultural Technology
8(4): 1375-1387.

lvanyuk , VE and Aleksandeow OT (1996) . Efficiciency of agricultural
practices measure directed against Rhizoctoniosis (Rhizoctonia) of
potato resistant . Akadehmii Agrarngkh Navuk Bolarusi 2:55-60.



148 Merit Res. J. Agric. Sci. Soil Sci.

Ferreira J. H. S., Matthee F. N. and Thomas A. C. (1991). Biological
control of Eutypa lata on Grapevine by an antagonistis strain of
Bacillus subtilis. Phytopathology 81: 283-287.

Frank, JA ;Leach , SS and Webb RE (1979) Evaluation of potato clone
reaction to Rhizoctonina solani . Plant Disease Reporter 66:91-
912.

Godwin, E. and Arinze A. E. (2000) The growth and spread of
Trichoderma harzianum on some domestic food wastes.Global
Journal of Pure and Applied Sci. 6 : 583-587

Gravel V., Antoun H.and Tweddell R.J., (2007). Growth stimulation and
fruit yield improvement of greenhouse tomato plants by inoculation
with Pseudomonas putida or Trichoderma atroviride: Possible role
of indole acetic acid (IAA). Soil Biology & Biochemistry 39, 1968—
1977.

Grosch, R., Faltin, F., Lottmann, J., Kofoet, A. and Berg, G. (2006).
Effectiveness of 3 antagonistic bacterial isolates to control
Rhizoctonia solani Kihn on lettuce and potato. Canadian J.
Microbiol. 51:345-353.

Hari, K. and Somasekhar N. (1998) Utilization of sugarcane waste for
the mass multiplication of fungal bio control agents. Cooperative
sugar 29 : 637-638

Huang, A. (1991). Control of soil borne crop diseases by soil
amendments. Plant Protection Bulten Taipel 33 : 113-123.

Hermosa R., Viterbo A., Chet l.and Monte E.( 2012). Plant-beneficial
effects of Trichoderma and of its genes. Microbiology 158, 17-25.
Hoyos-Carvajal L., Orduz S.and Bissett J., (2009). Growth stimulation in
bean (Phaseolus vulgaris L.) by Trichoderma. Biological Control

51(3), 409-416.

Ivanyuk , VE and Aleksandeow OT (1996) Efficiency of agricultural
practices measure directed against Rhizoctoniosis (Rhizoctonia) of
potato resistant . Akadehmii Agrarngkh Navuk Bolarusi 2:55-60 .

Jackson, M.L., 1965. Soil chemical analysis advanced course.
Wisconsin, USA.

Khalil, I and EI-Mghrabia, K (2010) Biological control of Fusarium dry rot
and other potato tuber diseases using Pseudomonanas Fluorescens
and Enterobacter cloacae Biological Control 53(3) : 280-284.

Kumar S.S., Rao M.R.K., Kumar R.D., Sachin P.and Prasad C.S.,
(2013). Biocontrol by plant growth promoting rhizobacteria against
black scurf and stem canker disease of potato caused by
Rhizoctonia solani. Archives of Phytopathology and Plant Protection
46(4), 487-502.

Lazarovites G (2001) Management of soil borne plant pathogens with
organic soil amendments .A disease control strategy salvaged from
the past . Can. J.Plant Path.33:1-7.

Liu, C. H. and J. W. Huany (2000) Effect of soil amendment of FBN- SA
mixture on control of radish yellows and its possible mechanisms
for inhibition of the pathogen. Pant Protection Bulletin Tapil 42 :
169-182.

Marulanda, A., R. Porcel, J. M. Barea and Azcon R. (2007) 'Drought
tolerance and antioxidant activities in Lavender plants colonized by
native drought-tolerant or drought-sensitive Glomus Species'.
Microb Ecol. 54: 543-552.

Matsuzaki, M ;Hamaguchi H; and Shimonasaka H (1998) The effect of
manure Application and soil fumigation on the field crops cultivated
continuously . Res. Bull .Hokk .National Agric Experiment station
166:65

Mitra, S. and Nandi B. (1994) Biodegraded agroindustrial wastes as soil
amendments for plant growth. Journal of Mycopathol. R es. 32 :
101- 109.

Neler, J.; W. Wasserman and .Kutuner M. H (1985) Applied linear
tatistical models Regression analysis of varlannce and experimential
design 2™ Ed. Richard, D. Irwin Inc. Hame Wood llinols.

Nemec, S.; L. E. Datnoff and Strandbery T. (1996) Efficacy of bio
control agents in planting mixes to colonize plant roots and control
root diseases of vegetable and citrus.  Crop Protection 15 : 735-
743.

Ozgonen, H., M. Bicici and Erkilic A. (2001)' The Effect of Salicyclic
Acid and Endomycorrhizal Fungus Glomus etunicatum on Plant

Development of Tomatoes and Fusarium Wilt Caused by Fusarium
oxysporum f.sp lycopersici'. Turk J Agr For. 25: 25-29.

Peters JC ;Lees A ; Cullen DW and Cunnigiton AC (2008)
Characterization of Fusarium spp responsible for causing dry rot of
potato in great Britain .Plant Pathology 57:262-271.

Prasad, R. and Ragashwaran R. (1999) Granular formulation of T.
harzianum and Glicladium spp in bicontrol of Rhizoctonia solani of
chickpea. Journal of Mico.and Plant Pathology 29 : 222-226.

Pregl, F., (1945). Quantitative organic micro-analysis 1st Ed. J. and A.
Churdill, Ltd. London, UK.

Rauf CA ; Ashraf M and Ahmed | (2007) Management of black scurf
disease of potato . Pakistan Journal of Botany 39(4) : 1353-1357 .

Ravelo, D., E. Velino and Sardy L. (2000) Application of multivaration
techniques main components in the solid state fermentation of sugar
can bagasse inoculated with trichoderma viride. Cuban J. of Agric.
Science. 43: 237-241.

Sadfi, N ;Cherif, M and Hajlaout ,A. (2002) Biological control of the
potato tuber dry rot caused by Fusarium roseum var. sambucinum
under greenhouse .field and storage conditions .Journal of
Phytopathology 150)11-12): 640-648.

Sarhan, T. Z. (2008) Effect of biological fertilizers, animal residues, and
urea on growth and yield of potato plant c.v. Desiree (Solanum
tuberosom L.). Ph.D Dissert. Hort. Sci. & Landscape Design
(Vegetable). Univ. of Mosul, College of Agric. & Forestry. Iraq.

Sarhan, T.Z., T H Ghurba. and Jiyan A. T. (2011) Effect of bio and
organic fertilizers on growth, yield and fruit quality of summer
squash. Sarhad J. Agric. Vol.27, No.3: 377- 383.

Scholte ,K.(1989) Effects of soilborne Rhizoctonia solani on yield and
quality of ten potato cultivars . Potato Res. 32:367-376.

Shafeek, M.R.; M. El-Desuki, and Shaheen M.A. (2001) Growth and
yield of some potato cultivars as affected by sources of fertilization.
Egypt. J. Appl. Sci., 15 (12): 699-712.

Snedecor, G.W. and Cochran W.G. (1982) Statistical methods. 7th Ed.
lowa State Univ. Press, Ames, lowa, USA.

Szczech M.M. (1999). Suppressiveness of vermicompost against
Fusarium wilts of tomato. Journal of Phytopathology 147:155-161.

Tsao, P. H. and Oster T. T. (1981) Relation of ammonia and nitrous
acid to suppression of Phytophthora in soils amended with
nitrogenous substances. Phytpathology 71 : 33-59.

Uehlein, N., K. Fileschi, M. Eckert, G.P. Bienert, A. Bertl and Kaldenhoff
R..(2007) 'Arbuscular mycorrhizal symbiosis and plant aquaporin
expression'. Phytochemistry. 68: 122-129.

Verma M., Brar S.K., Tyagi R.D., Surampalli R.Y. and Valero J.R.,
(2007). Antagonistic fungi, Trichoderma spp.: Panoply of biological
control. Biochemical Engineering Journal 37(1),1-20

Voland RP and Epstein AH (1994) Development of suppressive ness to
disease caused by Rhizoctonina solani in soils amended with
composted and non-composted manure. Plant Disease 78: 461-
466.

Whipps J.M. and Lumsden R.D., (2001). Commercial use of fungi as
plant disease biological control agents: status and prospects. In:
Fungal Biocontrol Agents: Progress, Problems and Potential (C.J. T.
Butt, N. Magan ed.), CABI Publishing, Wallingford, UK, 9-22.

Windham, M. T.; Y. Elad and R. Baker (1986) A mechanism for
increased plant growth induced by Trichodermia spp
Phytopathology 26 : 518-521.

Wu, Q. S., R. X. Xia and Zou. Y. N. (2006) 'Reactive oxygen
metabolism in mycorrhizal and non-mycorrhizal citrus (Poncirus
trifoliata) seedlings subjected to water stress'. J Plant Physiol.
163:1101-1110.

Yogeu A; Raviv M; Hadar Y Cohen R and Katan J. (2006) Plant waste
based composts suppressive to diseases caused by pathogenic
Fusarium oxysporum . Eur. J. Plant Pathology 116:267-276.



