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Abstract: Fusarium solani, Macrophomina phaseolinae and Rhizoctonia solani proved to be the most dominant
isolated fungi from roots of cowpea plant infected with root rot disease in Noubaria province. Meanwhile,
Fusarium oxysporum,  Phythium s pp. and  Sclerotium rolfsii  show less  frequent. Pathogenicity test provided
that the most aggressive fungi on cowpea were F. solani and R. solani followed by M. phaseolinae. In
greenhouse  trails ,  soil amendment  with Trichoderma  harzianum formulated  on sugar cane bagasse at the
rate of 10 % (w/w) of soil shown a highly effect in reducing root rot incidence caused by F. solani, R. solani
and M. phaseolinae by 73.9 %, 73.9 % and 78.6 % at pre-emergence stage, respectively. The same treatment
reduced post-emergence damping-off  by 76.4  %, 71.8  % and 72.2 % respectively. Bio-priming seed treatment
reduced  root rot diseases  by 60.8,  60.8 %,  75.0 %  at pre-emergence stage, respectively and by 58.8 %,
75.0% and 58.8 % at post-emergence damping-off respectively. Meanwhile, coating cowpea seeds with T.
harzianum or dressing with Rizolex-T caused a moderate effect in reducing root rot diseases incidence. Under
field conditions, amended soil with T. harzianum +  bagasse at  the rate  10 %  (w/w) of  soil reduced  root rot
disease  by 71.2  % and  68.2 %  at pre-emergence stage. After 40 and 60 days from sowing the same treatment
reduced root rot disease by 79.1, 76.6 % and 71.4, 66.7 %  during 2004  and 2005 seasons. Moreover, fresh
pods yield  of cowpea  plants  was increased  by 60.8%  and 53.7  % during  the same  seasons, respectively.
Bio-primed seed treatment reduced root rot incidence by 64.0 % and 56.3 % at pre-emergence stage and by
68.0, 60.1 % and 57.1, 64.0 % at post-emergence stage after 40 and 60 days of sowing during 2004 and 2005
seasons, respectively. Therefore, fresh pods yield was increased by 44.0 and 36.1 % compared with 19.5 and
11.2 % in the case of Rizolex-T treatment during the same seasons, respectively. It could be noted that practical
using of soil amendment with agricultural wastes formulated with bio control agents and/or bio-priming seed
treatments to control soil borne plant pathogens as a substitute of chemical fungicides is possible without any
risk to human, animal and the environment.
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INTRODUCTION

Cowpea (Vigna sinensis Endl.) is one of the most
important leguminous crops in many countries including
Egypt. 
Cowpea proved vulnerable to root rot diseases caused by
Fusarium solani Mart sacc., Rhizoctonia solani Kuhn and
Macrophomina phaseolinae which attack roots causing
damping-off and root rot diseases, these diseases cause
substantial losses to cowpea crop[32,1,31,33,30] 

Controlling soil borne pathogens depends mainly on
fungicidal  applications, that causing hazards to the
human health   and environment[30] . Soil  amendment  and
bio-priming seed treatments are gaining importance in
management of many  plant pathogens as another
alternative  to  chemical  fungicides  in  recent times.
Also,  seed  coating  with  bio-control  agents was the
most  effective  treatment  for  controlling root rot
diseases as shown by Jahm and Puls[15] , Callan et al.[6],
Ushamalini  et  al.[33];  Abdel-Kader  and Ashour[1],
Loeffez et al[21].

Soil amendment with agricultural wastes formulated
with bio-control agents was recommended for controlling
soil borne pathogens other than fungicides. These
methods introduced efficient disease control and
increasing yield of many crops [23,22,7,20,10] . Neme et al.[27]

noted that amended planting mixes with formulation of
commercial bio control agents such as T. harzianum, B.
subtilis, Gilocladium virens and Strepomyces sp. reduced
root rot and grown rot diseases on tomato, bell pepper,
celery and citrus.

Bio-priming as seed treatment that integrates the
biological and physiological aspects of disease control
was recently used as alternative method for controlling
many seed and soil borne pathogens [13,14,35,10].

The present study aimed to evaluate the efficacy of
soil amendment with T. harzianum formulated on sugar
can bagasse and/or bio-priming seed treatment in
controlling cowpea root rot pathogens under greenhouse
and field conditions.
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MATERIALS AND METHODS

The causal organisms: Samples of cowpea plants
showing root rot disease symptoms were collected from
different locations of Noubaria regions. All samples were
subjected  to  isolation  trials for the causal organisms.
The purified isolated fungi were identified according to
cultural and microscopically characters described by
Gilman[12], Barnett and Hunter[4]; Nelson et al[26].

The number of each isolated fungus was recorded
and the percentage of frequency of each fungus in each
location was calculated.

Pathogenicity test: Fusarium solani, Rhizoctonia solani
and Macrophomina phaseolina the high frequency
isolated fungi were selected to study their pathogenic
ability to induce root rot on cowpea plants as follow :

Plastic pots (20 cm diameter) containing sterilized
sand  loam  soil  infested  individually  with inoculums of
each fungus,  which was  grown on  sandy-barley medium
(1:1 w/w of soil and 40 % water) for two weeks at 25 ±
1°C.  Ten  pots  were  used  for each fungus. Check
treatment (control) was prepared without addition the
tested fungi .Surface sterilized seeds of cowpea were
sown at the rate of 10 seeds/pot. 

The percent of pre- and post-emergence damping -off
incidence after 15 and 45 days from sowing was
calculated.

Green house experiment: Efficacy of amended soil with
bio-enhanced bagasse (Trichoderma harzianum
formulated on sugar cane bagasse) and bio-priming seed
treatment (applying T. harzianum to cowpea seeds during
priming process) in controlling cowpea root rot pathogens
were evaluated 

Preparation of bio-enhanced bagasse: Sugar cane
bagasse was ground to fine powder, 250 g of this powder
was  mixed  with  sand  soil (4:1) in  autoclaved  poly
ethylene  bags,  2.0  g  ammonium   sulphate,   5.0g
super-phosphate, 5.0 g potassium sulphate and 400 ml
water per 1000 g bagasse were added to each bag. All
bags were sterilized for 1 hr in autoclave at 121°C. Then
all bags were inoculated by spore suspension of T.
harzianum (3  X  106  spore/ml)  and  incubated at 25°C
± 1°C for 14 days, then used as bio-enhanced bagasse for
direct delivery into the soil according to El-Mohamedy[11].

Bio-priming: Cowpea seeds were initially washed with
tap water to remove soluble exudates. Seeds were primed
according to Harman and Taylor[13], Osbairn and
Scharoth[28] in CMC 1 % in Erlenmeyer flask on a rotary
shaker set at 150 rpm, CMC 1 % or CMC 1 %
supplemented  with  spore  suspension  of T. harzianum
(3 X 106 spore/ml) were subsequently added to seeds
during 30 min for priming and bio-priming seeds
respectively. Seeds were Shaken at 150 rpm for 48 h, then
dried at room temperature and placed in polyethylene
bags for further studies 

Non primed seeds were coated with spore suspension
of T. harzianum (3 X 106 spore/ml) and used as seed
coating with T. harzianum.

Efficacy of soil amendment and bio-priming seed
treatments: Sand loam soil was artificially infested with
the inoculums of each F. solani, R. solani and M.
phaseolinae as maintained before in plastic pots (20 cm
diameter) and the following treatments were used.

Bagasse + T. harzianum (bio-enhanced bagasse):
Untreated cowpea seeds were sown in infested soil
previously amended with bio-enhanced bagasse at the
rates 5 and 10 % (w/w of soil) before 14 days of seed
sowing.

Seed priming and bio-priming: Primed and/or bio-
primed cowpea seeds were sown in infested soil.

Seed coating with T. harzianum:Cowpea seeds were
soaked  (15  min)  in  spore  suspension of T. harzianum
(3 X 106 spore/ml) and then sown in artificially infested
soil.

Fungicide seed dressing: Cowpea   seeds   was  dressed
with   Rizolex-T   50  %   at   the    recommended   dose
(3 g/kg seeds) then sown in infested soil and served as a
comparison treatment.

Control treatment: Non-treated (healthy seeds) of
cowpea were sown in infested soil with pathogenic fungi.

Ten cowpea seeds were sowing in each pot and ten
pots were used as replicates for each particular treatment.
The percentage of damping- off and root rot incidence
during 45 days of sowing date was calculated.

Field experiment: Two field experiments were carried
out during 2004 and 2005 seasons under field condition in
naturally heavily infested soil with cowpea root rot
pathogens at Noubaria province. The highly effective
treatment that maintained before in controlling root rot
pathogens under greenhouse were chosen to evaluated
under field conditions. Field experiment consisted of 20
plots (3 m x 7 m) each comprised of 10 rows and 60
pits/holes/row, which were conducted in randomly
complete block design with five replicates (plots) for each
particular treatment as well as control (check treatment).

Cowpea seeds were sown in all treatment at the rate
of 3 seeds/pit. All plots were sown on the first of each
October, 2004 and March, 2005 for Nili and summer
cultivation (plantation) season .Cultivated plots were
received the traditional agricultural practices.

Percentages of root rot disease incidence at pre- and
post-emergence stages of cowpea plants was recorded
after  20  days and 40, 60 days from sowing date.
Obtained cowpea yield was determined as fresh pods for
each particular treatment at the end of each growing
season and the average of the accumulated yield kg/plot
was calculated.
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Population dynamics of T. harzianum in cowpea
rhizosphere: Plats count technique [3] using PDA medium
supplement with 250 ppm chloromycetin according to
Popavizes and Lumsden[29] was used to determine total
counts of Trichoderma in rhizosphere soil of all tested
treatments. Five plants were used as replicates for each
treatment. Total count of Trichoderma spp. were
expressed as cell forming units (cfu) per gram dry soil.

Statistically analysis: Tukey test for multiple
comparisons among means was utilized Neler et al.[25] .

RESULTS AND DISCUSSIONS

Causal organisms: Seventy two fungal isolates
representing six species belonging to five genera, i.e.
Fusarium spp. (30 isolate), Macrophomina phaseolinae
(17 isolate), Rhizoctonia solani (13 isolate), Pythium spp.
(5 isolate) and Sclerotium rolfsii (7 isolate) were isolated
from cowpea plants showing root rot disease symptoms.

Results in Table (1) indicate that the most dominant
fungi were F. solani (29.2 %) frequent and M.
phaseolinae (23.6 %) followed by R. solani (18.0 %).
Meanwhile F. oxysporum, S. rolfsii and Pythium spp.
were less frequency. 

Greenhouse experiments:
Pathogenicity test: Pathogenicity test proved that all
tested fungal isolates were able to cause root rot infection
on cowpea plants with different degrees at both pre- and
post-emergence stages.

Results in Table (2) show that, F. solani, R. solani
and M. phaseolinae were the most fungi isolates caused
damping-off  and  root  rot  disease   to   cowpea  plants.
F. solani caused a highly significantly effect at pre- and
post-emergence stages at the rate of 37.5 % and 55.0 %,
respectively.   While,    R.   solani   and   M.  phaseolinae

obtained  moderate  effect  if  compared with F. solani.
As the least percent of survival plants were  recorded
with  F. solani( 7.5 %) followed by 29.9 % and 46.8 %
with R. solani and M. phaseolinae, respectively 

Efficacy of soil amendment and bio-priming seed
treatments on damping-off and root rot disease
incidence: This experiment was carried out in plastic pots
(20 cm) containing individually artificially infested soil
with cowpea root rot pathogens. Different soil and seed
treatments maintained before, were applied to evaluate
their efficacy in controlling root rot disease pathogens.

Results in Tables (3 and 4) indicate that all
treatments have reduced significantly the percentage of
root rot diseases caused by F. solani, R. solani and M.
phaseolinae.  The  most  effective treatments were
bagasse + T.  harzianum   (10 %), bio-priming and
bagasse + T. harzianum (5%) they reduced Fusarium root
rot by 73.9, 60.8 and  56.5%,  Rhizoctonia root rot by
78.6, 75.0 and 71.4 % , M.phaseolinae charcoal rot by
70.8, 62.5 and 62.5 % ,respectively. 

Moderate effect was shown when cowpea seeds
coated with spore suspension of T. harzianum or dressed
with fungicide (Rizolex-T50%) .These treatments reduced
root rot disease incidence in infested soil with F. solani by
47.8 and 43.5 %, while in infested soil with R. solani by
67.8 and 46.4 % as well as by 45.2 and 50.0 % in M.
phaseolinae infested soil . Results in Table (4) clearly
show that all treatment except seed primed have
significantly reduced root rots incidence as well as
increasing the percentages of survival cowpea plants.

Amended soil with bagasse + T. harzianum at the rate
10 % or 5 % (w/w) of soil and/or bio-primed seed
treatments   were   significantly  reduced  root  rot
diseases  caused  by  F.  solan,  and  M.   phaseolinas. 
As  they reduced diseases   by   62.2,  73.9,  60.8  % and
55.5, 72.2, 44.4 %, respectively. Meanwhile, there is no
significant   differences    between   seed   coating   with

Table1: Frequency of the isolated fungi from roots of cowpea plants showing root rot disease symptoms at different locations in Noubaria province.
Frequency of isolated fungi %

Noubaria ------------------------------------------------------------------------------------------------------------------------------------------------------
location F. solani R. solani M. phoseolina F. oxysporum Pythium spp. Sclerotium rolfsii Total
El-Boustan 27.3 18.2 22.7 13.6 9 9 30.5

(6*) (4) (5) (3) (2) (2) (22)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
El-Essraa 35.3 17.6 29.4 5.9 5.9 5.9 23.6

(6) (3) (5) (1) (1) (1) (17)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Emam Malk 36.3 18.1 18.1 18.1 0 18.1 15.2

(44) (2) (2) (2) (0) (1) (11)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
El-Ghazali 23 7.6 23 15.4 18.4 15.4 18

(3) (1) (3) (2) (2) (2) (13)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NRC farm 22.2 33.3 22.2 11.1 0 11.1 12.5

(2) (3) (2) (1) (0) (1) (9)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 29.2 18 23.6 12.5 6.9 9.7 100

(21) (13) (17) (9) (5) (7) (72)
Samples were collected during 60 days of growing season.
*Number of isolates
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Table 2:  Pathogenic ability of isolated fungi to induce root rot infection on cowpea plants sown in artificially infested soil under greenhouse
conditions.

Root rot incidence %
--------------------------------------------------------------------------------------------------------------------------------------------

Fungal isolate Pre-emergence(15 day) Post-emergence(45 day) Survival plants (%)
Fusarium solani 37.5 c 55.0 d 7.5 d
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rhizoctonia solani 32.5 b 57.5 c 10 c
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Macrophomina phaseolinae 30.0 b 52.5 b 17.5 b
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 5.0 a 5.0 a 9.0 a
Figures with the same letter are not significant differed (P = 0.05).

Table 3: Effect of soil amendment and seed treatment on pre-emergence off root rot licenses incidence in cowpea plants under greenhouse
conditions.

                                                    % Pre-emergence damping-off after 10 days
-------------------------------------------------------------------------------------------------------------------------------------

Treatments F. solani Reduction % R. solani Reduction % M. phseolinae Reduction %
Bagasse + T. harzianum 5 % 20 c 56.5 16 c 71.4 18 bc 62.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bagasse + T. harzianum10 % 12 d 73.9 12 c 78.6 14 c 70.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bio-priming 18 c 60.8 14 c 75 18 bc 62.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Seed coating 26 b 43.5 30 b 46.4 24 b 50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Priming 40 a 13 50 a 10.7 44 a 8.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rizolex-T 24 b 47.8 18 c 67.8 22 b 54.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 46 a - 56.0 a - 48.0 a -

Table 4: Root rot disease incidence and survival plants (%) of cowpea sown in artificially infested soil affected by different soil and seed treatments
under greenhouse conditions.

                  % Root rot incidence after (45 days)       % Survival plants
--------------------------------------------------------------------------- ---------------------------------------------------------------
F. Reduction R. Reduction M. Reduction F. R. M.

Treatment solani % solani % Rhizoctonia  % solani solani phaseolina
Bagasse + T. harzianum 5 % 16 c 62.2 12 c 64.2 16 c 55.5 64 d 72 66 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bagasse + T. harzianum 10 % 12 c 73.9 8 c 76.4 10 c 72.2 76 e 80 76 c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bio-priming 18 c 60.8 14 c 58.8 20 bc 44.4 64 d 72 62 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Seed coating 32 b 30.4 26 b 23.5 28 b 22.2 42 c 44 48 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Priming 42 a 8.7 30 a 11.7 34 a 5.5 18 b 20 22 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rizolex-T 34 a 26.1 20 b 41.2 24 b 33.3 42 c 62 54 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 46 a - 34 a - 36 a - 8:00 AM 10 16 a
Figures with the same letter in the same are not significant differed (P = 0.05).

Table 5:  Effect of different soil and seed treatments on root rot disease incidence of cowpea plants under field condition during 2004 and 2005
seasons.

Root rot incidence %
--------------------------------------------------------------------------------------------------------------------
Pre-emergence Reduction Post-emergence Reduction Post-emergence Reduction Survival

Treatment (20 days) % (40 days) % (60 days) % plants (%)
Season 2004
------------------------------------------------------------------------------------------------------------------------------------------------

Bagasse + T. harzianum 10 % 6.7 c 71.4 5.3 d 79.2 5.0 d 76.5 83.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bio-priming 8.5 c 63.8 8.0 c 68.6 8.5 c 60 75.0 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rizolex-T (3 g/kg seed) 15.0 b 36 13.8 b 45.8 13.8 b 35.2 57.3 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 23.5 a - 25.5 a - 21.3 a - 29.7 c
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Table 5: Continued
Season 2005

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bagasse + T. harzianum 10 % 8.6 d 68.1 9.0 c 71.4 7.0 c 66.6 75.3 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bio-priming 11.8 c 56.2 13.5 b 57.1 10.7 b 49 64.0 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rizolex-T (3 g/kg seed) 18.0 b 33.3 19.8 b 37.1 15.8 b 24.7 46.3 c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 27.0 a - 31.5 a - 21.0 a 20.5 20.5 d
Figures with the same letter in the same are not significant differed (P = 0.05).

Table 6: Fresh pods yield of cowpea plants as affected by different soil and seed treatment under field conditions at Nobaria region seasons 2004
and 2005.

Average accumulated cowpea pods during
----------------------------------------------------------------------------------------------------------------------------
Season 2004 Season 2005
---------------------------------------------------- ----------------------------------------------------

Treatment Yield (kg/plot) Increase % Yield (kg/plot) Increase %
Bagasse + T. harzianum 10 % 29.6 60.8 24.6 53.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bio-priming 26.5 44.0 21.8 36.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rizolex-T 22.0 19.5 17.8 11.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 18.4 - 16.0 -

Fig. 1: Population dynamic of T.harzianum in cowpea Rhizosphere soil during 2004 and 2005 seasons. 
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T. harzianum and seed dressed with Rizolex-T treatments,
they reduced Fusarium root rot by 30.4 and 26.1 %,
charcoal root rot by 22.2 and 33.3 % and Rhizoctonia root
rot by 32.3 %, 41.2 % respectively. Amended soil with
bagasse + T. harzianum at rate 10 % caused highly
significantly effect in reducing Rhizoctonia root rot on
cowpea plants (76.4 %). Seed priming show least effect in
reducing root rots incidence, as there is no significant
difference between seed priming and control (check)
treatment. Soil amendment with bagasse + T. harzianum
(5 and 10 % w/w of soil) and seed bio-priming treatments
show the highest percentages of cowpea survival plants
compared with other treatments.

Field experiments: The highly effective treatments in
reducing root rot pathogens of cowpea plants under
greenhouse condition, i.e., bagasse + T. harzianum 10%,
bio-priming and seed dressing with Rizolex-T as
comparison treatment were applied during 2004 and 2005
seasons to evaluate their efficacy against root rot
pathogens of cowpea under field conditions.

Results in Table (5) show that all applied treatments
could reduce significantly the percentages of root rot
incidence at both pre- and post-emergence stages.
Amended soil with bagasse + T. harzianum 10 % resulted
in  reducing  root  rot  disease  incidence estimated by
71.2 % and 68.1 % at pre-emergence stage during 2004
and 2005 seasons. And also, reduced root rot incidence at
post-emergence stage after 40 and 60 days by 79.1, 76.6
and 71.4, 66.7 % during the same seasons, respectively.

Bio-priming seed treatment caused a reduction of root
rot disease incidence on cowpea plants during 2004 and
2005  seasons estimated by 64.0 % and 45.3 % at pre-
emergence stage, and by 68.0 %, 60.1 % and 57.6 %, 49.2
% at post-emergence stage after 40 and 60 days from
sowing date during 2004 and 2005 growing seasons,
respectively. 

Seed dressing with Rizolex-T caused a least reduction
of root rot incidence if compared with the other
treatments. As, there is a significant differences between
Rizolex-T and soil amendment or bio-priming treatments.

It is clear  to  notice  that  amended  soil with bagasse
harzianum 10 % or bio-priming seed treatment gave the
best result in reducing root rot on cowpea plants under
field condition compared with Rizolex-T seed treatment.
This reduction resulted in increasing stand and survival
plants which reflected on the obtained yield. 

Fresh pods yield of cowpea plants as affected by
different soil and seed treatment: Results in Table (6)
show that bagasse + T. harzianum, bio-priming and
Rizolex-T treatments  cause significant increase in

cowpea fresh pods yield if compared with control. These
treatments caused increase in yield estimated by 60.8 %,
44.0  %, 19.5 % and 53.7 %, 36.2 %, 11.2 % during 2004
and 2005 seasons, respectively. 

Population dynamics of T. harzianum in cowpea
rhizosphere soil:  Amended     soil      with    bagasse   +
T. harzianum   or   bio-primed    cowpea  seed (applying
T. harzianum to seeds during priming prossece) resulted
in enhancing persistence of T. harzianum (cfu) viability in
Rhizosphere soil of cowpea plants compared with
Rizolex-T and control treatments. Fig (1) show that the
population density of T. harzianum increased from 4.2
and 3.0 X 104 cfu/g dry soil at 15 day from sowing date to
reach 8.1 and 6.2 X 104 cfu/g dry soil after 90 days from
sowing date during 2004 and 2005 seasons, respectively.
Meanwhile, counts of T. harzianum cfu/g were increased
from 2.7 and 1.8 X 104 cfu/g dry soil (15 days) to reach
4.8 and 3.5 X 104 cfu/g dry soil (90 days) in the case of
bio-priming seed treatment.

T. harzianum formulation in bagasse and applied to
soil or applying to cowpea seed as bio-priming seed
treatment resulted in enhancing multiplication of T.
harzianum in rhizosphere soil of cowpea plants, as the
main of cfu were 6.3, 4.9 X 104 cfu/g dry soil and 3.9, 2.8
x 104 cfu/g dry soil compared with 1.3, 1.0 X 104 and 1.2,
0.8 X 104 cfu/g dry soil in the case of Rizolex-T and
control treatment.

Discussions: Fusarium solani, Macrophominae
phaseolina, and Rhizoctonia solani were the most
dominant isolated fungi from infected roots of cowpea
plants in Nobaria province. Meanwhile, F. oxysporum,
Sclerotium rolfsii and Pythium spp. were less frequent.
The most pathogenic fungi on cowpea plants were F.
solani and R. solani followed by M. phaseolina. Many
investigators noted that F. solani, R. solani, M.
phaseolina, F. oxysporum and Pythium spp. are
considered among the main pathogens causing root rot
diseases of cowpea [32,18,30,31].

Root rot disease on cowpea caused by F. solani, R.
solani and M. phaseolina were significantly decrease
either under artificially infested soil in greenhouse or in
naturally infested soil in Nobaria province through
amended soil with T. harzianum formulation on sugar
cane bagasse. Such treatment cause highly increase in
fresh pods yield of cowpea plants during 2004 and 2005
seasons. Moreover, Persistence of T. harzianum (cfu)
viability in rhizosphere soil of cowpea plants were
enhancing as the highest counts of cfu per gram soil were
recorded. 

Soil amendment with agricultural wastes alone or in
combination with bio-control agents was recommended
for controlling soil borne pathogens and increasing the
yield of many crops[23,22,7,20,11]. Elad et al.[9] noted that stem
rot of ground nut reduced by up to 83 % when T.
harzianum formulation in wheat bran-sand soil mixture
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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[2,9], 2)
releasing degradation compounds such carbon dioxides,
ammonia, nitrites, saponine or enzymes which are
generally toxic to the pathogens[19,20,25], 3) inducing plant
defense mechanisms[36], 4) cellulose and glucanese are
prevalent to high concentration in soil as a result of
biodegradation of cellulose and lignin[34].
 Bio-priming in which specific biological control
agents are incorporated into the seed priming process, can
be very effective in suppressing many disease caused by
seed and soil borne pathogens. Moreover, bio-priming has
great promise for enhancing the efficacy, shelf life and
consistent performance of biological control agents as
shown by Callan et al.[6], Jensen et al.[16,17], Jahn and
Puls[15].

In this study applied T. harzianum to cowpea seeds
during priming process (bio-priming) resulted in highly
reduce in root rots incidence caused by F. solani, R.
solani and M. phaseolinae under greenhouse conditions.
Meanwhile, coated cowpea seed with T. harzianum or
fungicide (Rizolex-T) caused a least reduction in root rots
incidence if compared with bio-priming or soil
amendment treatments. This may be due to the fail bio-
protection on seed or in rhizosphere at sufficient level for
disease control and releasing high level of exudates
during germination[8,14,24] . 

Bio-primed of cowpea seeds caused a highly
significant reduction in root rot incidence under field
conditions during 2004 and 2005 seasons. Furthermore,
fresh pods yield was highly increased if compared with
fungicide treatment. Moreover, population density of T.
harzianum cfu in rhizosphere soil of cowpea plants were
increased as the highest propagules counts were recorded.
These results are in agreement with Osburn and
Scharath[28] ; Callen et al.[5,6], Conway et al.[8], Warren and
Bennett[35] ; Johan and Puls[15] ; Harrman et al.[14] .

Control of damping-off and  root  rot  diseases  on
bio-primed seeds of cowpea was related to reduction of
incidence of seed colonization by the pathogens due to
reduced exudation of nutrients from the primed seeds
upon inbibition of water. Moreover, the direct
antagonistic ability of T. harzianum against cowpea root
rot pathogens. Combination between seed priming and bio
control agents has improved the rate of germination and
uniformly of emergence of vegetable crops and reduced
damping-off and root rot disease incidence [8,16,17,10] . 

Soil amendment with T. harzianum formulation on
sugar can bagasse and/or bio-priming of cowpea seeds,
they caused highly decrease in root rot disease incidence,
increase fresh pods yield and enhancement the persistence
availability of Trichoderma propagules (cfu) in
rhizosphere soil of cowpea plants. So, it could be

suggested that such soil and seed treatments could
represented an environmentally ecofriendly strategy for
controlling seed and soil borne pathogens as substitute of
chemical fungicides.
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