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P ythium sp.. Fusarium oxvsporum. Rhizoclonia solani. Sclerotium
rolfsii, and Macrophomina phaseolina were found to be
associated with damping-off and charcoal-rot of sunflower in Etay
Elbaroud region, Behera governorate, Egypt. However, Pythinm sp.
was not able 10 incite any disease to sunflower in the pathogenicity
test while the other fungi incited pre- and post- emergence damping-
off in different degrees. Charcoal-rot was incited by Macrophomina
phaseolina only. Field amendments with different straw-based
composts, produced with cow manure, poultry manure, or urea
inoculated or not with Trichoderma harzianum. as well as the
noncomposted farmyard manure, mostly produced less damping-off
and charcoal-rot in naturally infested fields. The highest disease
suppression (61.6%) was obtained with rice straw composted with
cow manure and inoculated with Trichoderma har-ianum.
Amendment of compost with Trichoderma harzianum accelerated
composting and improved its suppressive effect. The other compost
amendments. Le. rice straw composted with poultry or cow manure
were equally effective in checking sunflower diseases where total
disease suppressions were 51.3% and 47.6% with these composts.
respectively. The noncomppsted farmyard manure also suppressed
damping-off and charcoal-rot of sunflower and composts became
more suppressive by increasing compost age. The rice straw-urea
compost, however, showed the lowest suppressive effect in checking
sunflower diseases. The suppressive effect was accompanied. mostly.
by significant reduction in pathogen population of Fusarfum
oxvsporum, Rhizoctonia solani. Sclerotium rolfsii, and Macrophomina
phaseolina in sunflower rhizosphere. Also. & strong correlation was
recorded between disease suppression and both of the total microbial
population {bacteria and actinomycetes) and activity in the sunflower
rhizosphere. Total bacteria and actinomycetes were considerably
increased (134.7% 375.3%) in plant rhizosphere. However. rate of
increase of the microbial activity was higher (259.2%- 637.1%) and its
correlation coefficients with the disease suppression were even higher
being 0.783, 0.978. and 0.950 compared to 0.749, 0.736. and 0.331
with the microbial population for the pre-¢mergence damping-off.
post-emergence damping-off, and charcoal-rot, respectively. This
indicated that compost disease suppressiveness effect was more
correlated with the microbial activity than the microbial population in
sunflower plant rhizosphere.
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Soil-borne diseases are still a major threat to sunflower cultivation in Egypt and
all over the world because of the wide host range of the pathogens and their strong
survival ability in the soil (Mousa et al., 2006 and Bokor, 2007). Chemical control
was massively applied, however, for the increasing public concern over the
fungicide usage, alternative control methods are strongly desired for sustainable
agriculture where organic amendments play an important role (Workneh and van
Bruggen, 1994 and Lazarouits, 2001). The use of the organic agricultural wastes in
this respect can be an advantageous both in soil fertility, recycling of the agricultural
residues and could provide a powerful tool for management of plant diseases
{Boulter et al, 2000). :

It has been reported that several composts, used as soil amendments, protected
plants from soil-borne plant pathogens (Scheuerellss et af., 2005). It was shown that
such composts reduced the pathogen propagule density of R. solani, M. phaseolina,
Fusarium spp., Virticillium spp, Pythium spp., Streptomyces scabies, Ralstonia
solanecearum, and plant parasitic nematodes (Aryantha er al, 2000; Sato and
Toyota, 2004; Scheuerellss et af., 2005 and Mousa et al., 2006). It was also reported
that composts increased microbial activity and consequently suppressed root rot and
damping-off pathogens (Scheuerellss er al., 2005). However, little is still known
regarding the suppression mechanisms (Sato and Toyota, 2004).

Agricultural residues such as rice straw are abundant in farms in Egypt and field
burning of rice stubble constitutes an annual environmental problem (Ei-Mashad
et al. 2003). Composting of rice straw and soil amendments of such agricultural
residues along with farm wastes could be of great benefit for soil fertility and
management of the occurred soil-borne diseases (Osunlaja, 1990, Lazarouits, 2001;
Scheuerellss er al., 2003, Asari et al., 2007 and Hameeda er al., 2007). Amendment
of compost with Trichoderma harzianum was reported (Hoitink and Boehm, |1 999)
to accelerate agricultural residues composting and improved its disease-suppressive
effect. The present study. therefore, was conducted to investigate potential of
different kinds of rice-straw composts to suppress damping-off and charcoal-rot of
sunflower and 1o analyze the possible involved mechanism.

Materials and Methods

Fungi associated with damping-off and charcoal-rot of sunflower:

During 2005 growing season, three fields with recent history of severe damping-
off and charcoal-rot were monitored at Etay Elbaroud region. Diseased sunfiower
plants were collected 15, 45, and 90 days after sowing. Isolation of the causal fungi
was conducted on PDA and identification was carried out according to Gilman
(1971}, Booth (1977) and Barnett and Hunter (1987).

Pathogenicity test:

During 2006 summer season pathogenicity tests were conducted in a pot
experiment according to El-Zarka (1976) in Etay Elbaroud agricultural station.
ingcula of the recovered isolates were prepared on autoclaved barley grains medium
under aseptic conditions.
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Seeds of sunflower cv. Giza 102 were obtained from Seed Dept, Ministry of
Agric., Giza. Egypt. Seeds were surface disinfested with 2% sodium hypochiorite.
rinsed in sterile distilled water, and sown in 23-cm plastic pots filled with autoclaved
clay and sand (1:1, v/v). Twelve replicated pots for each tested isolate were
prepared; each was sown with two seeds of sunflower. Plants were watered as
needed and treated according to the normal agricultural practices. Re-isolation was
conducted to insure the association of the tested isolates with the developed disease.

Field studies:

Synchronized with the laboratory work, two field experiments were conducted
at Etay Elbaroud region during the summer season of 2003 and 2006. This was to
investigate the disease suppressive effect of various rice of straw-based composts in
fields naturally infested with damping-off and charcoal-rot pathogens of sunflower.
The experimental plot was 21 m” with five ridges. Sunflower seeds (cv. Giza 102)
were surface disinfested with 2% sodium hypochlorite, rinsed in sterile distilled
water and sown as 200 seeds/ plot, after field had been amended with different types
of composts. Experiment was planned in a complete randomized block design with
four replicate plots.

Composts:

Agricultural residues, /e rice straw (Oryza sativa), which is widely abundant in
the Egyptian farms was used as a raw material for compost production according to
the rapid composting methods described by Cuevas {1993).

Three rice straw-based composts were prepared using fresh cow manure. poultry
manure (at 3:1 w/w of rice straw to animal manure) or urea as 2%, on dry weight
basis. Animal manures and urea were applied as a nitrogen source to speed up
decomposition and to get good compost quality. Also, Trichoderma harzianum
(30x10° spore/m|, El-Nasr Company) was applied (500 ml/ 100 L water/ 1000 kg
dry rice substrate) to rice straw mixed with cow manure (as 10:1 rice straw io cow
manure, on dry weight basis) to produce another type of compost (Hoitink and
Boehm. 1999). Completion of composting was determined by the pleasant odors,
reduction of the produced heat, the change into dark brown coleur and the crumbling
texture type of the mixture (Cuevas, 1993). Also, fresh farmyard manure (FYM)
which was rice straw, cow dung mixture was obtained from the surrounding farms at
Etay Elbaroud region and used as noncomposied agricultural manure.
Characteristics of composts as well as the FYM are shown in Table (1) as analyzed
according to Page er al. (1982) Compost pH was determined by suspending 5.0 g of
compost in 10 m! deionized water, then measuring the pH of the supernatant after
Th. All composts were sun dried until 10-20% moisture and applied at the rate of
20m’/fed (EI-Gizawy. 2005). Composts were applied to field plots during field
preparation one week before sowing in the first week of May, No fungicides were
applied and plants were treated according the normal agricultural practices for
sunflower cultivation, :
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Table 1. Characteristics of composts produced and used in the present study

Compost %C %N | %P | %K | %Ca| pH | Moisture ;
RS+Urea 470 19 {01 | 11 ]017] 81 2%
RS+CM 41.3 13 [ 08} 1.3 1019] 90 ar |
RS+PM 394 | 2.7 19 [ 1.9 1035 7.6 29
RS+CM+Tr. 40.8 08 | 04 | 15 [016} 79 23
FYM (Non-composted) 6.6 0.9 1.2 1.4 021 ] 8.3 42

* Values are averages of components of the prepared composts used in the two growing
seasons, relative to the oven dried composts (105°C for 24h.). RS = Rice straw. CM = Cow
manure, PM= Poultry manure, Tr. = Trichoderma harzianum, FYM = Farmyard manure.

Compost disease-suppressive effect.

This was assessed in terms of the following parameters:
i- Incidence of damping-off and charcoal-rot:

incidence of the pre-emergence damping-off, post-emergence damping-off. and
the charcoal-rot disease was determined 15, 45, and 90 days after sowing.
respectively, as percentage of the infected plants out of the total number of seeds
cuitivated (200} in each plot for the different compost amendments.

2_ Survival of the fungal pathogens in plant rhizosphere:

Soil samples were collected from each plot at 15, 45, and 75 days after sowing.
Samples were taken from plant rhizosphere 10-15 cm of the soil surface where four
soil extracts were prepared for each plot. Serial dilution of 1.0g soil/ 9.0 ml of sterile
distilled water were made to obtain 107 dilution and 0.1ml of each dilution was
spread piated on appropriate selective media {Nash ard Synder, 1962, Ko and Hora,
1971, Cloud and Rupe, 1991, and Steadman et al., 1994} for enumeration of the
most expected pathogenic fungi. Inoculated plates were incubated at 23°C in
darkness and developed colonies were enumerated five days after inoculation.

3- Microbial population:

Soil extracts were prepared and 107 dilutions were made as above mentioned.
A 0.1m!l of each dilution was spread plated on each of Lingappa and Lockwood
(1962), and Collins and Lyne {1985) media for the total counting of actinomycetes
and bacteria, respectively. Plates were incubated at 30°C in darkness for three days
before counting bacterial colonies, and for five days for counting actinomycetes.
Microbial population was estimated on the dry weight basis of the soil
{105°C/ 24h.).

4- Microbial activity:

Total microbial activity was estimated by determining the rate of microbial
hvdrolysis of fluorescein diacetate according to Schnurer and Rosswall (1982). Soil
samples (5.0g), taken from plant rhizosphere 10-15 ¢m of the soil surface, were
mixed with 20 m! of phosphate buffer (60 mM, pH 7.6), to which 400ug of
fluorescein diacetate (FDA, Sigma) was added.
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The mixture was shaken for 20 min at 90 mpm for 24°C before addition of 20 ml
acetone. The supernatant was filtered through Whatman No.| filter paper and the
absorbance was assessed using spectrophotometer (Analytic Jana 40) at 490 nm.
A standard curve was prepared by boiling a range of FDA concentrations from 0 to
1,000 ug/ mfin 5 ml of buffer to complete hydrolysis and measuring the absorbance
of the resulting supernatant at 490 nm. Microbial activity was expressed as
micrograms of hydrolyzed FDA per gram of dry soil (oven dried at 105 °C for
24 days) per minute.

Statistic analysis:

The obtained data were statistically analyzed using the American SAS/STAT
software, version 6. Combined analysis was conducted for the two growing seasons
and means were compared by the least significant difference test (LSD). Correlation
analysis was conducted for mean increase in microbial (bacteria and actinomycetes)
population and activity with the disease suppression using the Microsoft Office
Excel, 2003.

Results

Fungi associated with damping-off and charcoal-rot:

Sampling of diseased sunflower seedlings, 15 days after sowing, revealed the
occurrence of Rhizoctonia solani and Sclerotium rolfsii in frequencies of 59.4% and
34.3%, respectively, in seedlings affected with pre-emergence damping-off. Also,
Fusarium oxysporum, Macrophoming phaseoling, and Pythium sp. also occurred but
at lower frequencies of 21.6%, 13.2%, and 9.3%, respectively. Sampling for the
post-emergence damping-off at 45 days after sowing, revealed an increase in the
frequency of S. rolfsii (47.1%) and M. phaseolina {21.5%) but a decrease in the
frequency of R. solani and F. oxysporum while the Pythium sp. disappeared. At 9¢ .
days after sowing, sampling for the charcoal-rot revealed a 100% occurrence of
M. phaseolina while R solani and S rolfsii occurred in 17.3% and 19.5%,
respectively, no Fusarium oxysporum, or Pythium sp. were recorded (Table 2).

Pathogenicity test:

Pathogenicity of the recovered fungi revealed that R. solani, S rolfsii and
F. oxysporum were pathogenic to sunflower at the pre-emergence damping-oft stage
assessed 15 days after sowing. These fungi incited 29.1%, 25.0%, and 16.5% pre-
emergence damping-off, respectively. However, M. phaseolina incited only 4.1%
while Pythium sp. was not able to incite any disease (Table 3). At the post-
emergence damping-off stage 43 days after sowing, R solani, S. rolfsii and
F. oxysporum fungi incited more disease being 37.5%, 41.6%, and 20.8%.
respectively. Moreover, M. phaseolfing incited 16.5 % damping-off while Pyrhium
sp. did not.incite any disease. However, at 90 days after sowing, M. phaseolina
incited 70.8% as charcoal-rot as evident by the presence of sclerotia in plant base
while none of the other tested fungi incited any disease in this stage (Table 3).
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Table 2. Frequency of fungi recovered from sunflower plants, showed
damping-off and charcoal-rot symptoms, collected from different
fields in Etay Elbaroud region 15, 45, and 90 days after sowing,
during 2005 growing season

Frequency {%) of fungi in;
Fungus
Prc-ern_ergence Pos(-e@ergcnce Charcoal-rot
damping-of¥ damping-oft (90 days)

(15 days) (45 days) &y
Pythium sp. 93+ 0.0 0.0
Fusarium oxysporum 21.6 18.2 0.0
Rhizoctonia solani 59.4 43.6 17.3
Sclerotium rolfsii 34.3 47.1 19.5
Macrophomina phaseolina 13.2 215 100

* Values are percentages of recovery from 100 samples plated on PDA. for ¢ach sampling

date.

Table 3. Pathogenicity of the recovered fungi in 2 pot experiment conducted
during the 2006 growing season and monitored for damping-off and
charcoal-rot symptoms on sunflower (cv. Giza 102), 15, 45, and 90

days after sowing

)

Monitored diseases & days after sowing

Fungus
Pre-emergence Post-emergence Charcoal-rot
(13 days) {43 days) {90 days)
Pythium sp. 0.0* 0.0 0.0
Fusarivm oxysporum 16.5 208 0.0
Rhizoctonia solani 29.1 37.5 0.0
Sclerotium rolfsit 25.0 41.6 0.0
Macrophomina phaseolina 4.1 16.5 70.8
Control 0.0 0.0 0.0

* Values are percentage of disease incidence in 12 replicate pots. each was sown with two

seeds, for each tested fungus.
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Figld experiment:
I. Compost disease-suppressive effect:
I.1. Effect on disease incidence:

Field amendments with the tested rice-straw based composts significantly
suppressed pre-emergence damping-off with most compost amendments. This was
in the range of 17.5%-51.2% with most pronounced effect was for the rice straw ~
cow manure compost inoculated with Trichoderma harzianum (RS+CM+ Tr.). The
tresh farmyard manure (FYM) amendment or the rice straw composted with urea
(RS+Urea), however, did not pose a significant effect in this stage. At the post
emergence damping-off stage, a suppressive disease effect was obtained with all the
tested composts. This ranged between 33.3% and 62.1% with most pronounced
effect was obtained with (RS+CM+ 7Tr.) compost followed by the rice straw~
poultry manure (RS+PM) and the rice straw+ cow manure (RS+CM) composts.
while the rice straw+ urea {(RS+Urea) compost exhibited the lowest effect, Incidence
of charcoal-rot was also suppressed with the soil amendments with the tested
composts. The highest suppression (69.1%) was also obtained with RS+CM~Tr.
followed by FYM. RS+PM. and RS+CM composts where suppressions of 66.3%.
59.4, and 37.8%, were recorded, respectively. The RS+Urea, however, exhibited the
lowest suppressive effect of 28.2%. Concerning the total disease suppression. the
RS+CM+T7r posed the highest disease suppression (61.6%) followed by RS+PM
{31.3%), RS+CM (47.6%), and FYM (39.9%), respectively. The RS+Urea, however,
showed the least disease suppression effect of 26.2% (Table 4).

Table 4. Effect of straw-based compost amendments on incidence of damping-
off and charcoal-rot of sunflower in fields naturally infested with the
causal fungi '

Disease incidence (%)
Compost Pre-emergence | Post-emergence Charcoal-rot Total
Value . [Supr.(%}} Value {Supr(%)| Value |Supr{%)| Value |Supr.(®s)

RS+Urea 193*| 175 13.2 333 22.3 282 54.8 262
RS+CM 6.1 311 9.7 31.0 13.1 37.8 389 47.6
RS+~PM 13.9 40.5 8.3 38.0 12.6 59.4 348 b ]
RS+CM+Tr | 'ild 51.2 7.3 62.1 9.6 69.1 28.3 6.6
FYM 20t 9.8 13.1 338 10.4 66.3 446 | 399
Unamended |3 4 g9 | 198 | 00 | 311 | 00 | 743 | 00
(control)

LSD 3% 4.3 - 31 - 22 - 92 -

* Values are averages of two growing seasons (2005 and 2006). statistically analvzed
according to the combined analysis. Disease incidence was calculated as mean percentage
of infection of total 200 plants /plot. four replicate plots for cach treatment. Pre-
emergence. posi-emergence. and charcoal-rot were assessed 15, 45, and 90 days after
sowing. % Supr. = percentage of disease suppression. RS = Rice straw. CM = Cow manure.
PM = Poultry manure. Tr. = Trichoderma harziganum. FYM = Farmyard manure
{noncomposted).
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1.2. Effect on the fungal pathogens population:

Sampling of soil rhizosphere in the pre-emergence damping-off stage showed
that'rice straw-based compost amendments decreased populations of the associated
fungal pathogens, ie. F. oxysporum, R. solani, S. rolfsii and M. phaseolina. This
effect was most pronounced with RS+CM=Tr. for all fungal pathogens fotlowed by
the RS+PM, the RS+CM, and the RS$-+Urea composts. However, the fresh FYM did
not exhibit a significant effect in this stage. At the post emergence damping-off
stage. a similar but more pronounced trend was revealed. The highest effect was also
recorded with the RS+CM+T7r., and RS+PM composts while rest of the composts
were equally effective. At the charcoal-rot stage, assessed 75 days after sowing, also
a similar trend was obtained with the different compost amendments but populations
were the lowest compared to the other two stages (Table 3).

Table 5. Effect of straw-based compost amendments on damping-off and
charcoal-rot fungal populations in sunflower rhizosphere, 15, 45, and
75 days after sowing

Fungus population (colonies x10° /g soil) *
Monitored discase & Compost
Days after sowing P F R, S. M Total
oxysporum | solani | rolfsii |phaseolina

RS+Urea 3.39 1.83 1.67 1.93 8.82

RS+CM 2.61 2.02 1.56 1.77 7.96

Pre-¢mergency RS~PM 252 L7 1.40 169 | 7.32
Damping-oft RSICMATr. | 194 151 | 133 137 [ 6.15
(13 days) FYM 393 | 185 | 196 | 219 ] 9.93
Control 4,16 2.1 1.97 2.21 10.43

RS+Urea 2.93 1.09 (.93 1.36 6.31

RS+CM 2.72 0.67 0.95 i.21 5.55

Post- emergency RS+PM 2.19 0.48 0.60 1.23 4.50
Damping-oft RS+CM+Tr. 137 037 | 0.56 113 | 343
(43 days) FYM 1.41 1.95 131 1.76 6.43
Cantrol 3.87 209 | 165 261 |1022

RS+Urea 1.91 0.95 0.53 0.43 3.82

RS+CM 1.83 0.66 0.57 (.46 3,52

Charcoal-rot RS+PM 1.70 0.52 0.48 0.37 3.0:{
(75 days) RS+CM+T7r, 1.72 (.32 .35 (.34 2.73

) FYM 1.84 (.60 0.61 1.26 431

Controi 1.93 141 1.19 2.38 6.91

LSD at 3% 4 023 0.29 019 024 0.89

* Values are averages of two growing seasons (2003 and 2006). statistically analvzed
according to the combined analysis. RS= Rice straw, CM= Cow manure. PM= Pouliry
manure, Tr.= Trichoderma harzianum. FYM= Farmyard manure (noncomposted).
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2. Factors affecting compost disease-suppressive effect:
2.1, Microbial population.

Soil amendments with the tested composts significantly increased microbial
population {total bacteria and actinomycetes) in sunflower rhizosphere in the three
stages of assessment.

At the pre-emergence damping-off stage, microbial population increased to the
range of 210.5%- 375.3% compared to the unamended control with highest increase
was recorded with RS+CM compost followed by RS+PM and RS+CM+7r in this
stage.

The RS+Urea compost enhanced microbial population to 237.3% compared to
the control while the fresh FYM compost amendment exhibited the lowest effect.
tHowever, at the post-emergence damping-off stage, microbial populations were
202.6%- 335.0% compared to the control with the tested compost amendments, and
FYM exhibited an even higher increase of 315.7%. A similar trend was revealed 75
days after sowing. However, rate of increase was lower (134.7%-224.6%) with all
composts except that the FYM where an increase of 346.3% was recorded which
was higher than the other two assessments (Table 6).

Table 6. Effect of straw-based compost amendments on total microbial
population (bacteria and actinomycetes) in rhizosphere of sunflower
grown in field naturally infested with damping-off and charcoal-rot
fungi, 15, 45, and 75 days after sowing

Microbial population (colonies x 10%g soil) *
.M

Compost Pre-emergence Post-emergence Charcoal-rot

value % ** value % value %
R8+Urea 337 237.3 256 2245 9.3 134.7
RS+CM 533 3753 382 3350 155 2246
RS+PM 41.9 295.0 333 292.1 114 165.2
RS+CM+Tr. 398 280.2 23.1 202.6 3.4 194.2
FYM 299 210.3 36.0 3157 239 3463
_ Control 14.2 100 11.4- 100 6.9 100

LSD at 5% 3.3 - 6.1 - 3.4 -

*  As described in footnote of Table (3).
*#* %4= percentage relative to the unamended control.

Egypt. J. Phytopathol,, Vol. 35, No. 2 (2007)
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2.2, Microbial activity:

Soil amendment with the tested rice-straw composts increased total microbial
activity in sunflower rhizosphere in the three intervals of assessment compared to
the unamended control. In the pre-emergence damping-off stage, assessed15 days
after sowing, the RS+PM, RS+CM, and RS+CM+Tr amendments were the most
pronounced treatments with the highest increase (543.2%) was for RS+PM compost.
The noncomposted FYM also increased microbial activity but at less level (283.9%)
while the RS+Urea did not exhibit a significant effect in this stage. In the post
emergence damping-off stage, assessed 45 days afier sowing, there was more
pronounced increase {442.8%-657.1%) in microbial activity with the differem
compost amendments and the RS+CM+Tr compost showed the highest microbial
activity (657.1%). In the charcoal-rot stage assessed 75 days after sowing, microbial
activity was relatively lower (263.8%-472.2%) than of the other two stages.
However, microbial activity was still significantly higher for alt compost
amendments with the most pronounced effect was for the RS+CM+Tr (Table 7).

2.3. Correlation between disease suppression with compost and microbial
population & activity in plant rhizosphere:

A considerable positive correlation (r= 0.531- 0.749) was revealed between total
microbial population (bacteria and actinomycetes) in sunflower plant rhizosphere, as
influenced by compost amendments, and the disease suppression in the three stages

tested.

In the pre-emergence damping-oft stage and the post-emergence damping-off
stage, high correlation coefficients of 0.749 and 0.736 were obtained, respectively,
while z less correlation coefficient of 0.531 was recorded for the charcoal-rot stage

« (Fig. 1).

Table 7. Effect of straw-based compost amendments on total microbial activity
in rhizosphere of sunflower grown in soil naturally infested with
damping-off and charcoal-rot fungi

Microbial activity as FDA hydrolyzed (pg /ming soil) *
Compost Pre-emergence Post-emergence Charcoal-rot

value Yo ** value % value %
RS+Urea 2.1 2592 3.1 442.8 1.9 263.8
RS+CM 3.7 456.7 3.9 557.1 3.1 4303
RS+PM 4.4 543.2 4.3 614.2 2.7 375.0
RS+CM+Tr. 3.2 359.0 4.6 6357.1 3.4 472.2
FYM 2.3 2839 3.1 442.8 2.1 291.6

Control 1081 100 0.70 100 0.72 100
LSp ] 14 - 1.3 - 1 -

*  Values are averages of two growing seasons (2005 and 2006), statistically analyzed
according to the combined analysis. FDA= fluorescein diacetate. Oven dried soil (105°C

for 24 days).

** 0= percentage relative to the control (unamended). RS= Rice straw, CM= Cow manure,
PM=Poultry manure.
{noncomposted).
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Fig.1. Correlation between disease suppression on sunflower and total microbial
population (bacteria and actinomycetes) and activity in plant rhizosphere in
fields naturally affected with damping-off and charcoal-rot diseases and
amended with straw-based composts. (_ _ _) pre-emergence damping-off, {-----)
post-emergence damping-off, and | ) charcoal-rot.

On the other hand, a stronger correlation (r= 0.783- 0.978) was found between
total microbial activity in sunflower rhizosphere and rate of disease suppression by
compost amendments, The highest correlation (r= 0.978), however, was recorded for
the post-emergence damping-off, followed by r= 0.950 at the charcoal-rot stage.
while the lowest correlation {r= 0.792) was linked to the pre-emergence damping-off
stage (Fig. 1). '

Discussion

Several fungi were found to be associated with damping-off and charcoal-rot of
sunflower in Etay Elbaroud locality, Behera governorate. These were Pythium sp.
Fusarium oxysporum, Rhizoctonia solani, Sclerotium rolfsii, and Macrophomina
. phaseolina. However, Pythium sp. was not able to incite any disease to sunflower in
the pathogenicity tests while the other fungi incited pre- and post- emergence
damping-off at different degrees. Meantime, charcoal-rot disease, as evident by the
presence of black sclerotia in plant stem base, was only developed with
Macrophomina phaseolina. These findings are in agreement with several reports in
Egypt and other parts of the world (El-Zarka, 1976, Ibrahim, 2006 and Bokor,
2007).

All straw-based compost amendments tested showed a disease suppressive effect
and produced less damping-off and charcoal-rot in field plots naturally infested with
the causal fungi. The suppressive trend of composts was almost similar on pre- and
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post-emergence damping-off and the charcoal-rot with the highest total suppressive
effect (61.6%) obtained with the rice straw composted with cow manure and
inoculated with Trickoderma harzianum {(RS+CM+T7).

Amendment of compost with Trichoderma harzianum was found to accelerate
rice-straw composting and produce a highly disease suppressive compost which is
supported by Hointink and Boehm (1999)" view as Trichoderma harzianum fortified
the compost suppressive effect in checking the soil-borne diseases. Effect of
T. harzianum in this respect was widely documented {Aryantha ef af., 2000 and
Scheuerells et al., 2005) and was interpreted by the high ability of 7. harzianum
conidia to germinate, colonize plant rhizosphere, and to parasitize the pathogen
hyphae. Also. enzymes and inhibitory substances might be involved (Inbar er ai,
1996). The other composts, i.e. RS+PM, RS+CM and FYM, were almost equally
effective in checking the disease where total disease suppressions of 51.3%, 47.6%,
and 39.9% were recorded with these composts, respectively. However, it seems that
composts became more suppressive to sunflower diseases by increasing compost age
as the soil amendment with the fresh noncomposted farmyard manure (FYM) did
not exhibit a significant suppressive effect at 15 days after sowing while it was
significantly disease suppressive at 45 and 75 days after sowing.

The RS5+Urea compost, however, showed the lowest suppressive effect over the
three intervals of assessment but still significantly effective in checking the total
developed disease on sunflower. These findings are in agreement with several
reports on the disease suppressive effect of such rice based composts (Osunlaja,
1990, Voland and Epstein, 1994, Aryantha er al, 2000; Lodha er al, 2002,
Scheuerellss er al.,, 2005: Yogev et ai., 2006 and Hameeda, 2007), Such disease
suppressive effect was explained in view of effect of such organic mulching to
improve vigour of plants, increase nutrient uptake, facilitate drainage, and to provide
rich substrate to soil antagonistic microbes (Hoitink et af., 1993; Aryantha et al.,
2000 and Mousa, ef af., 2006). It was also suggested (Workneh and van Bruggen,
1994 Aryantha et al, 2000; EI-Gizawy, 2005 and Scheuerellss er al., 2005) that
compost disgase suppressiveness could be attributed to the direct effect of such
organic materials to suppress (or to kill) the pathogen population, or to the indirect
effect to enhance both the microbial population and activity in rhizosphere of the
affected plants. In the present study, a significant reduction was recorded, with most
composts, in pathogen populations of F. oxysporum, R. solani, S. rolfsii, and M.
phaseolina assessed in plant rhizosphere. This was most pronounced with increasing
compost age. Meantime, total antagonistic and saprophytic bacteria and
actinomycetes were considerably increased (134.7%- 375.3%) in plant rhizosphere
with compost amendments at the three stages asséssed. Positive correlation
coefficients of 0.749, 0.736, and 0.53] were revealed between microbial population
and the suppression of pre-emergence damping-off, post-emergence damping-off,
and charcoal-rot, respectively. However, it was recorded that microbial activity
rather than microbial population was most associated with compost suppressiveness
to fungal diseases {Scheuerellss et al., 2005). In the present study a high increase
(259.2% - 657.1%) in microbial activity in plant rhizosphere was obtained with
compost amendments,
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Also, the revealed correlation coefficients for microbial activity with the disease
suppression were even higher than that of the microbial population being 0.783,
0.978, and 0.950 for pre-emergence damping-off, post-emergence damping-off, and
charcoal-rot, respectively. This indicated that disease suppression in sunflower was
more correlated with microbial activity rather than microbial population. Such
biological effect could comprise competition for nutrients with pathogens,
parasitism, predation, preduction of antibiotics, lytic or other extracellular enzymes,
induction of host resistance in plants and other reactions which affect disease
development. These findings are in harmony with Chen er af. (1988), Hoitink er a/.
(1993), Workneh and van Bruggen (1994), Hoitink and Boechm (1999), Boulter.
et al. (2000), Lodha er al. (2002), EI-Gizawy (2005), Scheuerellss er a/. (2005), and
Asari et al. (2007). Hence, the present study revealed that compesting of the
agricultural wastes could turn the problem into a solution. Farmers are strongly
encouraged to adapt such environmentally and economically sound measures for
management of crop diseases. Although the use of compost may not control diseases
to a level which may replace the use of fungicides, their integration into current
disease management practices will reduce the fungicide use and the associated
problems.
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