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ddition of biochar to soil improves carbon sequestration, soil
fertility and plant growth, especially when combined with

organic compounds such as compost. This greenhouse study was
carried out to examine the effects of soil amendments with biochar,
compost and mycorrhiza as biofertilizer alone or in combinations on
cowpea plant growth parameters and on suppression of damping-off
disease caused by Rhizoctonia solani. In vitro experiment showed that
biochar has no direct efficacy on the tested fungus even at the higher
tested concentrations. A synergistic effect was noticed when cowpea
plants were grown in soil amended with biochar in the presence of
mycorrhiza. Also, results indicated that the tested soil amendments
and mycorrhiza improved the growth parameters as well as
macronutrient contents of cowpea.
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Seeking for new disease management strategies and improving agricultural
systems has led to a number of creative ideas, including the pyrolysis of biomass
residues (biochar) and their addition to the soil system (Paz-Ferreiro et al., 2015).
The use of organic compounds such as biochar and compost might be a promising
approach, as their suppressive effect has been shown for a wide range of soil borne
diseases (Coventry et al., 2005 and Noble and Coventry, 2005).

Biochar is a carbon rich product of a heating process in an oxygen depleted
environment known as pyrolysis (Sohi et al., 2010; Elad et al., 2011 and Sparks,
2011). The type of organic material and heating temperature used for the production
of biochar determine its nutrient contents and physicochemical properties (Antal and
Gronli, 2003 and Gaskin et al., 2008). A biochar addition to the soil may improve
the physicochemical properties of soil like bulk density, water holding capacity,
nutrient retention, soil pH and cation exchange capacity resulting into beneficial
effects on plant growth (Glaser et al., 2002; Steiner et al., 2008 and Atkinson et al.,
2010). Biochar is very stable in soil with a half-life ranging up to thousands of years
(Zimmerman, 2010). Recently, it has been reported that soil amended with biochar
can influence the progress of plant diseases caused by both foliar and soil borne
pathogens (Graber et al., 2014).

Another soil amendment with known suppressive effects is compost. It is known
to suppress a wide range of plant diseases caused by various soil-borne pathogens.
This could be due to an enhanced competition and antagonism by the soil biota
associated with increased microbial activity in soil (Pugliese et al., 2011).
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Arbuscular mycorrhizal fungi (AMF) comprise a large portion of soil and
rhizosphere microorganisms. AMF share symbiotic associations with many
important plant species and affect soil borne pathogens (Whipps, 2004) as well as
foliar necrotrophic pathogens like Alternaria solani (Fritz et al., 2006).

Cowpea is the most important vegetable crop grown and consumed globally.
Seeds of cowpea contain about 23% protein and 57% carbohydrate (Belane and
Dakora, 2009). Cowpea plants are vulnerable to attack by damping-off and root-rot
diseases caused by Fusarium solani, Rhizoctonia solani, Macrophomina
phaseolina, Sclerotium rolfsii and Pythium sp. These diseases cause substantial
losses to cowpea crop (Shihata and Gad El-Hak, 1989; Ushamalini et al., 1993;
Rauf, 2000; Satish et al., 2000; El-Mohamedy et al., 2006).

In the present study, the economically important pathosystem cowpea (Vigna
sinensis Endl.) and Rhizoctonia solani were concerned. Thus, the effect of compost,
biochar and mycorrhiza, either alone or in combinations, on the plant growth
parameters and on disease suppression were studied.

M a t e r i a l s a n d M e t h o d s

1. Isolation, purification and identification of the fungi associated with cowpea
damping-off:
Diseased cowpea seedlings, showing typical symptoms of damping-off, were

collected from the Experimental Farm of the Fac. Agric., Cairo Univ.

For isolation, infected roots were washed thoroughly with tap water and cut into
small fragments (0.5- 1.0 cm), superficially sterilized with 1% sodium hypochlorite
for 3 min., then rinsed several times in sterilized water, blotted to dry between folds
of sterilized filter papers. Small pieces were transferred onto PDA medium into Petri
plates and incubated at 26±2°C for 7 days. Observations were daily recorded and
emerged fungi were picked up and cultured on PDA medium slants and its
frequencies were calculated. Fungal growth was microscopically examined and
purified using the single spore and/or the hyphal tip techniques (Dhingra and
Sinclair, 1985). Purified fungi were identified according to their morphological
features, either to the generic or to the species level, according to Booth and
Waterston (1964) and Barnett and Hunter (1972). The most frequent fungus was
used in vitro and in vivo (pot experiments) after confirming its pathogenic capability.

2. Source of tested biochar, compost and AMF:
Rice straw biochar and Commercial compost were kindly obtained from Soil,

Water and Environ. Res. Inst., Agric. Res. Centre, Giza, Egypt. The characteristics
of compost and rice straw biochar are mentioned in Table (1). For AMF inoculation,
mycorrhizen was utilized as a commercially available inoculum. This AMF
inoculum was purchased from Soil, Water and Environ. Res. Inst., Agric. Res.
Centre, Giza, Egypt.

3. Laboratory experiments:
3.1. Preparation of compost water extract (CWE):

The CWE was prepared by vigorously shaking of mature compost, at the ratio of
1 : 2 (w/v)  of  compost  (500 g)  to  sterile  water (1000 ml),  for 20 min.  To remove
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Table 1. Selected characteristics of compost and rice straw biochar used in the
present study

Tested
compound

pH Total carbon (%) Total N (%) Total P (%) Total K (%)

Biochar 9.0 36.60 0.52 0.54 0.88
Compost 8.19 25.05 1.31 1.65 -

large particles from compost mixture, aliquot of 250 ml of the mixture were filtrated
by passing through sterile 3 layers of cheese cloth and then the filtrate was
centrifuged at 500 rpm for 10 min to obtain active supernatant as stock solution.
Four different concentrations, i.e. 0, 5, 10 and 15%, were tested against the fungus.

3.1.1. Effect of biochar and compost on mycelium growth of Rhizoctonia solani:
The inhibitory effect of tested compost as water extract (CWE) was

in vitro examined against the tested pathogenic fungus using the wells-cut diffusion
method according to El-Masry et al. (2002). The CWE was filtered through 0.22 μm
sterilized Millipore membrane filter. Fifteen ml of sterile PDA medium were used
for each plate, one well was then punched out on one side of the plate using a sterile
0.5 cm cork borer, and the well bottom was sealed with two drops of sterile PDA
medium. Hundred ml of each CWE concentration were separately transferred to
each well. The sterile water was used as check. One disc (0.5 cm diameter) of
7-day-old culture of the tested fungus was placed on the other side of the plate
against the well on the surface of PDA medium. Five Petri dishes were used as
replicates for each treatment as well as the check. All plates were incubated at 25°C
for 7 days and then the reduction in mycelium growth was recorded.

The direct toxicity of biochar was studied using an in vitro contact assay
according to Jaiswal et al. (2015) to evaluate the reduction in R. Solani growth. PDA
medium was amended with varying concentrations of biochar, i.e. 0, 0.5, 1, and 3 %,
w:v, before autoclaving, and then dispensed into Petri dishes (9-cm-diam.). Agar
plugs (5-mm-diam.), covered with actively growing mycelium, were transferred into
the centre of Petri dishes amended with one of the four concentrations of biochar and
then incubated at 25°C for 7 days, then the fungal mycelial growth was measured
and the average diameter was calculated. The fungal growth inhibition was
calculated using the following formula: I % = (C-T/C) x 100
Whereas; I= Reduction (%) in fungal growth; C= Fungal growth in the check and

T= Fungal growth in the treatment.

4. Greenhouse experiments:
4.1. Effect of soil amendments (Compost, biochar and mycorrhiza) on disease

suppression:
In order to determine the most effective concentrations of the tested compost and

biochar, cowpea seeds (cv. Tiba), obtained from Agric, Res. Centre, Giza, Egypt,
were surface disinfested in 2% sodium hypochlorite, rinsed in sterile distilled water
and then 5 seeds were sown in each plastic pot (30-cm-diam.) filled with a sterilized
mixture of sand and clay (2:1, v/v) containing compost at 0, 5, 10 and 15% w/w or
biochar at 0, 0.5, 1 and 3%, w/w. One day later, the treated soil was individually
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infested with the tested fungal inoculum at the rate of 5% w/w, previously grown on
sand barley medium (1/1, w/w and 40% water) at 25±2ºC for two weeks. Five
randomly replicated pots were used for each treatment.

The most effective concentrations of the tested compost and biochar were
selected to study their effect on the disease suppression when mixed together in the
presence or absence of mycorrhiza. The sterilized cowpea seeds were coated with
the AMF inoculum before sowing. The following treatments were used in the
experimental setup:

1. Compost;
2. Biochar;
3. Mycorrhizen;
4. Compost + Biochar;
5. Compost + Mycorrhizen;
6. Biochar + Mycorrhizen;
7. Compost + Biochar + Mycorrhizen;
8. Rizolex-T;
9. Check.

Seeds were sown in April 15th, 2014 and 2015 seasons. All agricultural practices
were carried out according to the recommendation of Ministry of Agric., Egypt.
Complete randomized block design with five replicates was allocated.

4.1.2 Disease assessment.
Percentages of pre- and post- emergence damping-off as well as healthy survived

plants were determined 15, 21 and 45 days after sowing, respectively, using the
formula described by Mikhail et al. (2005) and Abd El-Moneim et al. (2012) as
follows:
Pre-emergence (%)= Number of non-germinated seeds and/or dead seedlings before

emergence/Total number of planted seeds x 100.

Post-emergence (%)= No. of dead seedlings after emergence/Total No. of planted
seeds x 100

Survival efficacy (%)= 100 - (D2 / D1 X 100)

Whereas: D1= Damping-off (%) in check treatment.
D2= Damping-off (%) in treatment.

4.1.3 Effect of soil amendments (compost, biochar and mycorrhiza) on some
parameters of cowpea plants:

The vegetative parameters of cowpea plants, i.e. plant height, root length, fresh
and dry weights of leaves and roots, were determined 90 days after sowing. Random
samples of cowpea plants representing each treatment were removed carefully from
the pots, and then washed under running tap water to remove adhering particles.

Nitrogen and phosphorus contents were assayed according to Jackson (1973),
where potassium content was determined using atomic absorption
spectrophotometer (Barkin Elmer 3300) according to (Chapman and Pratt, 1961),
the results were calculated as g/100g dry weight.
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5. Statistical analysis:
Most of the data were statistically evaluated according to Snedecor and Cochran

(1967). Averages were compared at 5% level of probability using the least
significant differences (L.S.D.) as mentioned by Fisher (1948). On the other hand,
percentages data were transformed to arcsines and then subjected to statistical
analysis to determine the least significant differences (L.S.D.) to compare variance
between treatments (Gomez and Gomez, 1984).

R e s u l t s

1. Isolation, purification and identification of the fungi associated with cowpea
damping-off:
Twenty five fungal isolates representing five species belonging to four genera,

i.e. Rhizoctonia solani Kuhn (14 isolates), Fusarium oxysporum Schlecht
(5 isolates), F. solani (Mart.) Appel & Wollenw (3 isolates), Aspergillus niger
Tiegh (2 isolates) and Pythium sp. (1 isolate) were isolated from cowpea plants
showing damping-off symptoms. Results in Table (2) indicate that the most
dominant fungi were R. solani (56%) followed by F. oxysporum (20%) and F. solani
(12%). Meanwhile, A. niger and Pythium sp. recorded less frequency.

Table 2. Frequency (%) of the isolated fungi from roots of cowpea seedlings
showing damping-off symptoms

Isolated fungus No. of isolates Frequency (%)

Aspergillus niger 2 8
Fusarium oxysporum 5 20
Fusarium solani 3 12
Pythium sp. 1 4
Rhizoctonia solani 14 56

Total counts of fungi 25 -

2. Effect of biochar and compost on R. solani mycelium growth:
Data presented in Table (3) indicate that compost at 15% was the most effective

on reducing mycelium growth of the tested fungus where it gave the highest
mycelium reduction, being 54% compared to check. It is interesting to note that
there were no significant differences among the biochar treatments at different tested
concentrations and check treatment.

3. Effect of soil amendments (compost, biochar and mycorrhiza) on disease
suppression:
This experiment was carried out to investigate the effect of compost and biochar

at three different concentrations on the incidence of cowpea damping-off caused by
R. solani under greenhouse conditions.
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Table 3. Effect of different concentrations of compost and biochar on the radial
growth of R. solani on PDA medium after 7 days incubation at 25ͦc

Treatment
Concentration

(%)
Mycelium radial

growth (mm.)
Reduction in the

linear growth (%)

Compost

5 65.4 27.3
10 58.8 34.7
15 41.4 54.0

Mean 55.2 38.7

Biochar

0.5 90.0 00.0
1 90.0 00.0
3 90.0 00.0

Mean 90.0 00.0
Check 90.0 -

L.S.D 0.05 1.12 -

Data presented in Table (4) show that disease incidence (%) was significantly
reduced by soil amendments with compost and biochar. Soil amended with compost
at 15% was the most effective in reducing the percentage of pre- and post-
emergence damping off, being 8 and 8%, respectively, compared to check treatment,
being 32 and 24%, respectively. Biochar was more effective at concentrations of
1 and 3% without significant differences between them.

Table 4. Effect of different concentrations of compost and biochar on damping-
off incidence caused by R. solani on cowpea plants (cv. Tiba) grown
under greenhouse conditions

Treatment
Concentration

(%)
Damping-off (%) Survived plants

(%)
Efficacy

(%)Pre- Post-

Compost

5 24 16 60 28.6
10 16 12 72 50.0
15 8 8 84 71.4

Mean 14.7 13.3 72 50.0

Biochar

0.5 32 24 44 00.0
1 28 20 52 14.3
3 28 20 52 14.3

Mean 29.3 21.3 49.3 9.5
Check 32 24 44 -

L.S.D 0.05 0.44 0.34 - -

Data presented in Table (5) show that all tested treatments significantly reduced
the disease incidence compared to the check treatment. Rizolex-T showed the
highest significant effect in decreasing the disease incidence (96% healthy survived
plants and 93.3% efficacy in the first season as well as 88.0% healthy survived
plants and 84.2% efficacy in the second season) followed by cowpea plants grown in
soil amended with biochar in the presence of mycorrhizen (84% healthy survived
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Table 5. Effect of compost, biochar and mycorrhiza alone or in combination on
damping-off incidence caused by R. solani on cowpea plants (cv. Tiba)
during 2014 and 2015 growing seasons under greenhouse conditions

Treatment

First season
(2014)
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Damping-off
(%)

Damping-off
(%)

Pre- Post- Pre- Post-

Compost 24 8 68 46.7 20 20 60 47.4

Biochar 32 20 48 13.3 36 28 36 15.8

Mycorrhizen 16 12 72 53.3 20 12 68 57.9

Compost+
Biochar

24 16 60 33.3 32 16 52 36.8

Compost+
Mycorrhizen

20 4 76 60.6 20 12 68 57.9

Biochar+
Mycorrhizen

12 4 84 73.3 12 12 76 68.4

Compost+
Biochar+
Mycorrhizen

24 12 64 40.0 24 20 56 42.1

Rizolex-T 4 0 96 93.3 8 4 88 84.2
Check 36 24 40 - 44 32 24 -

L.S.D 0.05 2.21 2.31 - - 1.81 2.04 - -

plants and 73.3% efficacy in the first season as well as 76% healthy survived plants
and 68.4% efficacy in the second season). Biochar alone was the least effective one,
being 48.0% healthy survived plants and 13.3% efficacy in the first season as well as
36% healthy survived plants and 15.8% efficacy in the second season).

4. Effect of soil amendments (compost, biochar and mycorrhiza) on some
parameters of cowpea plants:
Results presented in Tables (6 and 7) show significant enhancement of growth

parameters of cowpea plants when soil was amended with compost, biochar and
mycorrhizen, alone or in combinations, compared to the check treatment. Cowpea
plants grown in soil amended with biochar in the presence of mycorrhizen showed
the most positive effect on enhancement of plant growth parameters.

In both seasons, the best results of N, P, K values were obtained when soil was
amended with biochar in the presence of mycorrhiza followed by mycorrhiza only as
shown in Table (8). Biochar alone was the least effective one in comparison with
check treatments.
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Table 6. Agronomic characteristics of cowpea plants (cv. Tiba) as affected by
compost, rice straw biochar and mycorrhizen alone or in combination
during 2014 growing season, under greenhouse conditions

Treatment
Plant
height
(cm)

Root
length
(cm.)

Number/plant
Fresh weight

(gm)
Dry weight

(gm)

L
ea

ve
s

Po
ds

N
od

ul
es

L
ea

ve
s

R
oo

ts

L
ea

ve
s

R
oo

ts

Compost 33.5 13.5 21.4 6.4 7.0 8.1 1.5 1.6 0.7
Biochar 29.7 12.0 18.8 6.2 5.4 6.4 1.4 1.0 0.6
Mycorrhizen 36.0 14.7 23.2 7.8 10.2 10.4 2.5 4.2 1.8
Compost+
Biochar

32.5 12.4 20.8 6.2 6.4 7.8 1.7 1.4 0.8

Compost+
Mycorrhizen

35.8 14.2 22.6 7.0 9.4 10.2 2.2 3.7 1.7

Biochar+
Mycorrhizen

38.5 16.5 24.6 8.8 10.2 11.8 3.2 4.2 1.8

Compost+
Biochar+
Mycorrhizen

34.0 13.0 22.2 7.0 7.2 8.2 2.1 3.2 1.6

Rizolex-T 27.2 10.7 17.4 5.2 4.2 5.7 1.4 0.4 0.6
Check 24.0 9.3 15.2 4.4 3.8 4.0 0.8 0.4 0.4
L.S.D. 0.05 5.4 3.5 3.3 1.8 4.0 1.3 1.7 0.6 0.4

Table 7. Agronomic characteristics of cowpea plants (cv. Tiba) as affected by
compost, rice straw biochar and mycorrhizen alone or in combination
during 2015 growing season, under greenhouse conditions

Treatment
Plant
height
(cm)

Root
length
(cm)

Number/plant
Fresh weight

(gm)
Dry weight

(gm)
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Compost 33.5 13.5 21.4 6.4 7.0 8.1 1.5 1.6 0.7
Biochar 29.7 12.0 18.8 6.2 5.4 6.4 1.4 1.0 0.6
Mycorrhizen 36.0 14.7 23.2 7.8 10.2 10.4 2.5 4.2 1.8
Compost+
Biochar

32.5 12.4 20.8 6.2 6.4 7.8 1.7 1.4 0.8

Compost+
Mycorrhizen

35.8 14.2 22.6 7.0 9.4 10.2 2.2 3.7 1.7

Biochar+
Mycorrhizen

38.5 16.5 24.6 8.8 10.2 11.8 3.2 4.2 1.8

Compost+
Biochar+
Mycorrhizen

34.0 13.0 22.2 7.0 7.2 8.2 2.1 3.2 1.6

Rizolex-T 27.2 10.7 17.4 5.2 4.2 5.7 1.4 0.4 0.6
Check 24.0 9.3 15.2 4.4 3.8 4.0 0.8 0.4 0.4
L.S.D. 0.05 3.4 2.5 3.3 1.9 3.7 1.3 1.5 0.6 0.3
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Table 8. Nitrogen, phosphorus and potassium uptake by cowpea plants cv. Tiba
as affected by compost, biochar and mycorrhiza alone or in
combination during 2014 and 2015 growing seasons under greenhouse
conditions

Treatment
First season (2014) Second season (2015)
N % P % K % N % P % K %

Compost 2.4 0.5 1.6 2.3 0.6 1.6
Biochar 3.0 0.6 2.1 2.9 0.8 1.9
Mycorrhizen 2.1 0.4 1.5 1.9 0.5 1.4
Compost + Biochar 2.9 0.6 1.9 2.8 0.7 1.8
Compost + Mycorrhizen 2.6 0.5 1.8 2.2 0.5 1.5
Biochar + Mycorrhizen 3.3 0.7 2.1 3.1 0.8 2.1
Compost + Biochar + Mycorrhizen 2.7 0.6 1.8 2.4 0.7 1.8
Rizolex-T 1.7 0.3 1.5 1.8 0.4 1.3
Check 1.6 0.3 1.3 1.7 0.3 1.2
L.S.D. 0.05 0.14 0.03 0.05 0.08 0.05 0.05

D i s c u s s i o n

Biochar application not only affects the crop yield (Kloss et al., 2014) but also
has the ability to alter the plant response to disease stress (Graber et al., 2014). It has
been reported to affect the progress of different plant diseases caused by soil-borne
pathogens, to now, in five distinct pathosystems: Fusarium oxysporum f.sp.
asparagi on asparagus (Elmer and Pignatello, 2011 and Matsubara et al., 2002),
Ralstonia solanacearum on tomato (Nerome et al., 2005), Phytophthora spp. on oak
and maple (Zwart and Kim, 2012), Rhizoctonia solani on cucumber (Jaiswal et al.,
2014) and F. oxysporum f.sp. lycopersici on tomato (Akhter et al., 2015), but there
is no available information on the impact of biochar on the cowpea damping-off and
root-rot diseases caused by Rhizoctonia solani. In comparison, many studies
document a suppressive effect of organic amendments like compost and organic
wastes against R. solani and other soil-borne pathogens (Borrero et al., 2004;
Bonanomi et al., 2007 and Akhter et al., 2015). This study is the first report on the
effects of compost and biochar alone or in combination with an AMF application on
cowpea plant growth and on the incidence and development of damping-off caused
by R. solani.

In the presented investigation, in vitro study indicated that biochar has no direct
toxicity effect on the tested fungus whereas compost extract had a greater effect on
the reduction of the fungus mycelium growth. These results are, to somewhat, in
harmony with those reported by Bonanomi et al. (2007); Elmer and Pignatello
(2011); Jaiswal et al. (2014) and Gravel et al. (2015). Biochar amendments could
also have an indirect effect on plant pathogen proliferation through stimulation of
the naturally occurring microorganisms in the potting soil (Steinbeiss et al., 2009;
Atkinson et al., 2010 and Elad et al., 2010). In this regard, differences in plant
response to soil amendment with biochar and/or compost in the presence of
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mycorrhizal fungi were noticed in the entire study. Soil amendment with biochar in
the presence of mycorrhiza affected plant growth parameters as well as disease
suppression. These results are in harmony with those obtained by Gravel et al.
(2015) who reported that additional benefits could be observed if biochar
amendments were used in combination with the beneficial microorganisms, such as
mycorrhizae or other biological control agents. According to Warnock et al. (2007),
the mechanisms in which biochar may influence the abundance and function of
mycorrhizas included (a) alteration of soil physic-chemical properties; (b) indirect
effects on mycorrhizae through effects on other soil microbes; (c) plant-fungus
signalling interference and detoxification of allelochemicals on biochar; and (d)
provision of refuge from fungal grazers. On the other hand Ogawa (1994) suggested
that the porous structure of charcoal may create a favourable habitat for symbiotic
microorganisms.

The efficacy of mycorrhiza - biochar complex on disease suppression was
reduced when amended to soil containing compost. These results are in harmony
with those obtained by Akhter et al. (2015) who observed a growth suppression of
mycorrhizal plants in the biochar treatment already containing compost as an
additional source of nitrogen. They revealed that this may be due to the carbon
drainage to the fungal symbionts or a reduced availability of nutrients to the plants
(Fitter, 1991; Johnson et al., 1997 and Landis and Fraser, 2008).

The entire study showed an increase in plant parameters as well as
macroelements, i. e. nitrogen, phosphorus, and potassium in cowpea plants grown in
soil amended with biochar in the presence of mycorrhiza. This is might be due to
alter the soil pH by addition of biochar and in turn affects the nutrient availability to
plants. These results are not in agreement with those obtained by LeCroy et al.
(2013) who demonstrated that the combined treatment of apple wood saw dust
biochar and mycorrhizal fungi with additional nitrogen fertilizer decreased
aboveground sorghum biomass even though biochar had a positive effect on the
AMV root colonization in a greenhouse experiment. Moreover, they also noted
a reduction in below ground sorghum biomass as well. Meanwhile, Yamato et al.
(2006) reported an increase in the plant root amount after the application of charcoal.
They revealed that to the amelioration of the soil chemical properties and the
creation of an appropriate environment for root growth and AM fungal colonization.
These different results might be due to the differences in the experimental
conditions.

From the data of this study, it could be concluded that biochar alone has no
suppression effect on cowpea damping-off diseases caused by R. solani. Meanwhile,
it has a synergistic effect on mycorrhizal fungi and in turn in plant growth response
and R. solani suppression. Future research must be focused in this direction.
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إليیزاتأثیر إضافة الكمبوست والبیوشار والمیكور
التربة الزراعیة على مرض سقوط بادرات اللوبیا 

Rhizoctonia solaniالمتسبب عن الفطر 
نورالھدى عبد التواب ریاض و محمد فاروق عطیة

.جامعة القاھرة -كلیة الزراعة -قسم أمراض النبات 

زیادة خصوبة التربة وتحسین إليالتربة الزراعیة إليتؤدي إضافة البیوشار 
ة والكائنات ت النمو بالنسبة للنبات ، خاصة عندما یخلط مع المواد العضویصفا

یزا. ھذه الدراسة نفذت داخل الصوبة الزجاجیة بغرض دراسة النافعة مثل المیكور
یزا كمعاملات فردیة وكذلك من الكمبوست و البیوشار والمیكورتأثیر إضافة كلا 

ات اللوبیا وكذلك علي خفض في مخالیط متبادلة علي الصفات المحصولیة لنب
بمرض سقوط البادرات الناتج عن الفطر ریزوكتونیا سولاني. ولقد الإصابة

البیوشار لیس لھ تأثیر سام على الفطر باستخدام التركیزات أنأظھرت الدراسة 
العالیة تحت ظروف المعمل ، في حین لوحظ تأثیره المشجع عند زراعة النباتات 

. وأشارت النتائج أیضاً إلى یزاوي علي البیوشار في وجود المیكورفي أصص تحت
تحسین الصفات المحصولیة لنبات إلىأن الإضافات المختبرة والمیكوریزا أدت 

محتواه من العناصر الغذائیة. وكذلك االلوبی


