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ABSTRACT

Scil amendment with bioenhanced bagasse (bagasse colonized by
Trichoderma harzianum), enhanced bagasse, 7T. harzianum, Topsin-M and
bioenhanced bagasse + Topsin-M for controlling Fusarium root rot disease on
mandarin under green house and field conditions was studied. In vitro, amended Dox
medium with 2.5 and 5.0% (wlv) of powdered bagasse resuited in enhancement the
antagonistic of 7. harzianum ability against F. solani and increased chitinase and
cellulase activities of T, harzianum compared with control {un amended medium). In
green house, Fusarium root rot disease incidence on mandarin seedlings was high
significantly reduced when bioenhanced bagasse, bioenhanced bagasse + Topsin-M
(0.5 g/L) and Topsin-M (1 g/L) treatments were dilervied into arlificially infested soll as
twice soil applications compared with control treatment. Moreover, such treatments
caused high reduction on population density of Fusarium propagules in rhizosphere
soil, but Trichoderma propagules counts were highly increased. Under field conditions
amended soit around stems of diseased m andarin trees by bicenhanced bagasse,
bicenhanced bagasse + Topsin-M and Topsin-M as twice application per season
results in recovering great number of diseased trees and decreased the disease
severity on others. Population density of Fusarium spp. were highly decreased, where
population density of Trichoderma spp were increased in rhizosphere soil of trees that
treated by bicenhanced bagasse alone or in combined with Topsin-M. Such
treatments caused increased fruit yield by 130.2 and 116.3% compared with 67.4% of
Topsin-M treatment.

It could be suggested that using soil amendments such bagasse colonized
by T. harzdanum alone or in combined with a reduced rates of fungicides for
controlling root rot pathogens on citrus can be success fully used replacing traditional
fungicides and avoid environmenta! pollution.

Keywords : Citrus - Scil amendment - Root rot - Control - Bio agent -
Mandarin

INTRODUCTION

Fusarium root rot disease of citrus caused by Fusarium solani (Mart.)
was reported to attack all citrus varieties {Conzulex et al, 1997, El-
Mohamedy, 1998; Catara and Polizzi, 1899). in Egypt It has been estimated
to affect 11.6% of mandarin trees and caused 39.6% loss in fruit yield
(El- Mohamedy, 1998) F. solani induce two syndrome of root rot on citrus.
First , dry root rot is confined to the crown and scaffoid roots and the second,
feeder and fibrous root rots are associated with gradual decline of the
canopy, leaf curl {wilting), defoliation, dieback, fibrous roots turn soft and
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appears water soaked, slough their cortex easily by hand (Kore and Mane,
1992; Praksasm et al., 1952 and Verma et al., 1999).

Control of this disease depends mainly on fungicides application (El-
Mohamedy, 1998 and Verma et al, 1999). Meanwhile fungicides always
desirable due to high coast, probability of development of resistant strains
and potential hazards to the environment.

Among the recent recommended trials for controlling soil borne
pathogens other than fungicides, biological and soil amendment means
individually or in combination were recommended. Such means comprise
elimination of pathogens density in the soil and maintaining soil condition,
favorable for root development and enhancement the competitive ability of
bio agents against pathogens. There fore, these methods introduced efficient
disease control and increasing yield of many crops (Huang, 1991; Tumey and
Meng, 1994; Fang and Tsao, 1995; Walker and Morry, 1999; May and Kimati,
1999 and Ceuster ef al., 1999).

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; G odwin and Arinze, 2000; Liu and Huany, 2000; Prasad
and Ragashwaran, 1999 and 2000). Sugar can bagasse degraded by
Trichaderma spp. was used as soil amendment to improve growth and yield
of rice and pea (Mitra and Nandi, 1994).

Nemec ef al, 1996 noted that amended planting mixes with

formulation of commercial bio control agents such as T. harzianum, Bacillus
subtilis, Gliocladium virens and Streptomyces spp. reduced root rot and
Grown rot diseases on tomato, ball pepper, celery and citrus.
Although many researchers have studied biological control of root disease
pathogens, few studies have been made to control Fusarium root rot disease
on citrus by antagonistic fungi. The purpose of this research was to evaluate
the efficiency of amended soil with bagasse colonized by Trichoderma
harzianum (bicenhanced b agasse) on confrolling Fusarium root rot disease
on mandarin and on population density of both the pathogen (Fusanum
solani] and bio agent (T. harzianum) in rhizosphere soil. An attempt has been
made to convert sugarcane bagasse into a bio manure for land application
using T. harzianum.

MATERIALS AND METHODS

Fungal isolates:

Fusarium solani (Mart) Appal & Wr. Emeed. Snyd & Hans Was
previously isolated from naturally infected roots of citrus trees affected by root
rot disease. This isolate was recorded to cause root rot on different citrus
rootstocks in previous studies (El-Mohamedy, 1998).

Trichoderma harzianum (Rifai) was previously isolated from
rhizosphere soil of citrus trees by Dep. Plant. Pathology, NRC, Cairo.

Laboratory studies:
Antagonistic and enzymatic activity of 7. harzianum:

Antagonistic ability of T. harzianum against F, solani was carried out
on Dox agar medium amended with different rates of bagasse, i.e,, 1.25, 2.5

84



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

and 5.0% {w/v} using duel culture technique (Ferreira et al., 1991) Five Petert
dishes were used as replicates for each treatment. All plates were incubated
at 25 °C for 5 and 10 days. Reduction in linear growth of F. solani was
calculated .

Chitinase and cellulase activity:

Chitinase and cellulase activity in filtered cultures of 7. harzianum
grown an Dox medium amended with 1.25, 2.5 and 5.0% {w/v) of bagasse
were determined after 14 and 21 days from incubation Chitinase activity was
expressed as mM N-acetyl glucose amine equivalent reduced 1 mL of filtered
culture / 60 min according to methods described by Ried and Ogryd — Ziak
(1981) and Monreal and Reese (1969). Cellulase activity was done by
methods described by Nelson (1944) as percent of increasing in reducing
sugars released ug /min.

#reparation of bicenhanced and enhanced bagasse mixture:

Sugarcane bagasse (industrial wastes of sugarcane Jwas ground to
fine powder , 250 g of this powder was mixed with sand soil (4 : 1} in
autoclavable polyethylene bags, 2.0 g ammonium sulphate ,5.0 g super
phosphate , 5.0 g potassium sulphate and 400 ml water per 1000 g bagasse
were added !o each bag .All bags were sterilized for 1 hr in autoclave at
121C.

The mixture in a half of these bags were inoculated by spore
suspension of T. harzianum 3 x 10° spore { mL ( this mixture = bioenhanced
bagasse) and the other left as ckek treatment control (this mixture =
enhanced bagasse). Ail bags were incubated at 25°C for 14 days atroom
temperature , then used as bio enhanced bagasse (bagasse colonized by T.
harzianum) or enhanced bagasse for direct delivery into the soil.

Green house experiments:

The experiments were carried out to evaluate the efficacy of different
soil amendments {bioenhanced or enhanced bagasse) as well as fungicide
treatment on controlling Fusarium root rot disease on mandarin seedlings,
inoculum density of Fusarium and Trichoderma in rhizosphere soil of
seedlings. Plastic pots (20 cm diam.) centaining sand loam soil {2 : 1) were
infested by F. solani according to El-Mohamedy, {1998) were used. Mandarin
(Baladi cv.) seedlings { 3 years old} grafted on sour orange rootstock were
inoculated by the same pathogen and replanting in infested soil according to
Strauss and Labuschagen, {1995). Five seedlings were used as replicates for
each treatment. The following treatments were evaluated.

- Bioenhanced bagasse (bagasse — sand medium colonized by T. harzianum
) at the rate 5% (w/w) of soil infested soil.

- Enhanced bagasse (bagasse — sand medium} at the rate 5% (w/w) of soil
infested soil.

- T. harzianum at the rate 5% (v/w) of infested soil.

- Fungicide (Topsin-M 70%) g /L.

- Bioenhanced bagasse 2.5% + Topsin-M 0.5 g/L.

- Control {non treated infested soil)
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After 15 days from soil infestation, all mandarin seedlings were
replanting .All soil treatments were applied at replanting time of seedlings as
one application, and 30 days from replanting seedling as second application.
The number of diseased seedlings was recorded and development of disease
symptomns (severity) on seedlings was determined and rated on scale from 0-
4 rates (0 = healthy plants 4 = dead plants) according to Morgan and Timmer
(1984) and E I-Mohamedy ( 1998). P ercentages of the disease infection and
severity after 30 d ays from replanting of the seedlings were recorded and
calculated. :

Field experiments:

The experiments were carried out at El-Kata {Giza Governorate)
during 2002 and 2003 seasons on orchards of mandarin {10-year old Baladi
cv. grafied on sour orange rootstock ) with the history of root rot disease
.The following soil amendment treatments were used:

- Bioenhanced bagasse 1 kg/tree.
- Topsin M 70% 20 g/ tree.
- Bioenhanced bagasse 500 g/ tree + Topsin. M 10/g tree.

- Control {non-treated diseased trees).

Forty-eight diseased mandarin trees showing typical symptoms of
Fusarium root rot disease were selected, 12 diseased trees with different
rates of disease severity (1, 2 and 3) were used as replicates for each
treatment as well as control treatment. All soil amendment treatments were
applied to soil around mean stem of free twice per season, first, in spring
(March, 2003) and the second in summer {June, 2003). After 60 and 120
days from the adding second application a number of recovered trees and the
development of disease severity on diseased trees was recorded. The
percentages of disease severity were calculated as maintained before.

Count of Fusarium and Trichoderma propagules in rhizosphere soil.

Plate count technique {Allen, 1961), using Peptone PCNB agar
medium (Nash & Snyder, 1962).and PDA medium supplement with 250 ppm
chloromycetin {Papavizes & Lumsden, 1982) was used to determine total
counts of Fusarium and Trichoderma in rhizosphere soil of mandarin
seedlings or trees respectively. Five plates were used as replicated for each
treatment. Total count of each fungus were expressed as cell forming units
{CFU) per gram dry soil.

Effect of soil amendment treatments on mandarin yield:
ANl fruits of each tree in each treatment were picked and weighted,
the average of fruit yield per tree as well as per faddan was calculated.
A number of 50 fruit from each treatment were weighted and the average
weight of fruit was determined.
Statistical analysis:; Tukey test for muitiple ¢ omparison among m eans was
utilized { Neler et al., 1985) .
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RESULTS

Effect of T. harzianum on linear growth of F. solani medium :

Dox agar media amended with different rates of bagasse were used
to evaluate the antagonistic ability of T. harzianum against F. solani. Data in
Table (1) indicate that amended Dox media with 1.25, 2.5 and 5.0% (w/v) of
bagasse caused enhancement the antagonistic ability of 7. harzianum. As,
the growth of F. sofani was completely inhibited compared to 80% reduction
with control (non-amended media). Meanwhile, the fungal growth was
reduced by 61-68% compared with 55% with control treatment after 5 days of
incubation.

Table {1); Growth reduction (%) of F. solani as affected by T. harzianum
on Dox medium amended with different rates of bagasse..

3 1)
Bagasse rates” —L'{,;Zv;th reduc::g 2;;
1.25% . 61.0a 100b
2.5% 70.0b 100b
5.0% 68.0b 100b |
ﬁmtrol {non amended medium) 55.0a 80.0a

Figures with the same istters in the same column are not significantly differed (P=0.05)
* Each 100 mI medium was amended with 1.25,2.5and 5.0 g bagasse .

Chitinase and cellulase activity:

Dox media amended with 1.2, 2.5 and 5.0% (w/v) of bagasse and
chitin or cellulose p owered w ere used to d etermine ¢ hitinase and ¢ ellulase
activity in filtered culture of 7. harzianum. Data in Table (2} showed that
increasing rate of bagasse in media resulted in increasing of chitinase and
cellulase aclivity in filtered cultures of T. harzianum compared with control
treatment (un amended media with bagasse). High activities of both chitinase
and cellulas2 were recorded when 2.5 and 5.0% of bagasse were added to
Dox media. These values were 6.6, 7.1 of chitinase and 725.4, 781.4 of
cellulase compared with 4.9 and 530.8 of control treatment respectively after
30 days from incubation at 25°C.

Table (2): Effect of different rates of bagasse on chitinase and cellulase
activity of T. harzianum grown on Dox medium.

* Each 100 ml medium amended with 1.25,2.5and 5.0 g bagasse
** Chitinase activity was expressed as mM N-acetyl glucose amine equivalent reduced 1
mL of filtered culture / 60 min

e
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Cellulase activity was expressed as reducing sugars released ug /m

. | Chintiase activity** Cellulase activity***
Bagasse rates™ 5 Gay | 30 day 15day | 30day
1.25% 47 5.3 2832 606.2 |
25 % 59 6.6 504.8 7254 |
5.0 % 6.1 71 501.6 781.4
Contro! 42 | 49 320.2 530.8
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Effect of different soil amendments on Fusarium root rot disease
incidence:

The Effect of amended artificially infested soil (in greenhouse) or
naturally infested soil (in field) with different soil amendments as well as
fungicide treatment on percentage of infection and severity of Fusarium root
rot disease on seedlings and trees of mandarin was studied. Population
density of Furarium and Trichoderma propagules counis in rhizosphere soil
was also determined.

Data in Table (3) showed that both disease infection and severity on
mandarin seedlings with all tested soil amendments were significantly
reduced compared with control. Fusarium root rot disease or mandarin
seedlings was highly significant reduced when bicenhanced bagasse,
bicenhanced bagasse + Topsin.- M and Topsin-M treatment were delivered
into artificially infested soil as twice application compared with control
(untreated infested scil). As, the percentages of disease infection and
severity were 20, 20, 40% and 10, 15, 25% compared with 100 and 8C% of
control treatment respectively. Meanwhile, enhanced bagasse anc T.
harzianum treatments gave a considerable disease ccntrol compared with
confrol treatment especially with twice application.

Table (3): Effect of different soil amendments treatments on Fusarium
root rot incidence (%) on mandarin seedlings planting in
artificially infested soil in green house.

Fusarium root rot incidence
Soi No of Yo
oil amendments e :
application | _. ; . Disease
Disease infection »
severity
Bioenhanced bagasse  {5%) One 60 ab 35 abe
T. harzianum ( 5%) 80 ab 55 abc
Enhanced bagasse {5%) 80 ab 85 ab
Topsin-M (1 g/l) 80 ab | 50 abc
Bioenhanced bagasse (2.5%) 60 ab 40 abc
+ Topsin-M {0.5¢g/l)
Bicenhanced bagasse (5%) Two 20 i0¢
T. harzianum {5%;) 60 ab 40 abe
Enhanced bagasse {5%) 80 ab 55 abc
Topsin-M (1g/l) 40 ab 25 abe
Bioenhanced bagasse (2.5%) 20b 15¢
+ Topsin-M (0. 5gfl)
Conirol (infested unireated soil) 100 a ;.  80a

Figures with the same letters are not significant (P =0.08 )

Data in Tabte (4) indicate that all tested soil amendments trealiments
were significantly reduced the population total counts of F. sofani compared
with confrol. Bioenhanced bagasse, bioenhanced bagasse + Topsin-M and
Topsin-M treatments show high significant reduction in population density of
F.solani in rhizosphere soil of treated seedlings. These counts were 1.2, 1.6
and 2.0 x 10° cfu/g dry soil compared with 2.8 x 10° cfufg soil of control
treatment. Meanwhile, when these treatments were applied as one
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application the total counts were 2.8, 2.2 and 2.8 x 10° cfu/g dry soil of the
same pathogen. On the other hand, amended soil with bioenhanced
bagasse alone or in combined with Topsin-M resulted in increasing mass
multiplication of T. harzianum around roots of treated seedlings compared
with adding T. harzianum alone to the soil, where the propagules counts
reach to 5.8 and 5.2 x 10° cfu/g dry soil with such treatment compared with
42 x10* cfulg dry soil of T.harzianum at twice applications . Twice soil
applications of bioenhanced bagasse, bioenhanced bagasse + Topsin-M and
Topsin-M treatments were highly effective in controlling Fusarium root rot
disease on mandarin seedling in green house experiments. Moreover, they
decreased population density of Fusarium and caused increasing in
population density of Trichoderma around roots of seedlings. So, these
treatments were chosen for controlling the disease on mandarin trees under
field conditions.

Table {4): Effect of different soil amendments treatments on total counts
of Fusarium and Trichoderma propagules in rhizosphere soil
of mandarin seedlings planting in artificially infested soil in

greenhouse.
Fusarium .
oo | propacules | Ticnoderms
Soil amendment s count
application cfu x 10%g dry c?unt efux
soil 10%/g dry soil
Bicenhanced bagasse (5%) One 2.8 bc 5.4 ab
T. harzianum { 5%) 3.0 be 4.0b
Enhanced bagasse (5%) 32b -
Topsin-M {1g/h 2.8 bc -
Bioenhanced bagasse (2.5%) + 2.2cde 4.8 ab
Topsin-M (0. 5 g/t
Bioenhanced bagasse ( 5%) Two 1.2e 58a
T harzianum {5% 2.8 be 4.2h
Enhanced bagasse (5%) 3.0 be -
opsin-M {1g/M 2.0 cde -
Bioenhanced bagasse ({2.5%) + 1.6 de 5.2 ab
Topsin-M (0. 5 g/}
Control (infested untreated soil) 28a -

Figurss with the same ietters are not significant (P =0.05 )

Control of Fusarium root rot disease an mandarin trees:

The experiments were carried cut under field conditions to evaluate
ihe effect of different soil amendment: mentioned before on recovering
naturally infested mandarin trees with Fusarium root rot disease., Population
total counts of Fusarium and Trichoderma propagules counts in rhizosphere
soil and also fruit yield of trees were estimated.

Data in Table (5) show that all scil amendments treatments reduced
both the number of infected trees and percentages of disease severity on
these trees. But there are no significant differences between all tested
treatments and control (untreated diseased trees).
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Table (5): Fusarium root rot disease development on mandarin trees as
affected by different soil amendment treatments under field

conditions.
Fusarium root rot devilment ]
Soil amendments No. of dlsea§ed trees | Disease sev:enty {%e)
after application after application

0 day |60 day| 120 day|0 day| 60 day | 120 day!
Bicenhanced bagasse 1kg#iree | 12a | 8a 3b 50a | 37.5b | 146Db
Topsin-M 20 gitree 123 | 10a 7b 50a | 43.8ab| 37.3b
%‘)‘;}es?:_ahjl‘cﬁ% S’ﬁae:se %09 % 12a| 8a | 5b [50al333b(2500
Control (unireated diseased trees)| 12a | 12a | 12a |50a|66.7a | 77.1a
Figures with the same letters are not significant (P =0.05 )

But the severity of disease on these trees was reduced after 60 days
from soil application. Meanwhile, after 120 days from amended soil with
bioenhanced bagasse, bioenhanced bagasse + Topsin-M and Topsin-M
resulted in recovering 9, 7 and 5 trees and reduced disease severity from
77.1% of control ireatment to 14.6, 25.0 and 37.3% of the same ftreatments
respectively.

Data in Table (6) indicate that all tested soil amendments were
significantly reduced the number of Fusarium propagules counts in
rhizosphere soil of {reated trees, while it increased in untreated diseased
trees ( control). Bioenhanced b agasse or bioenhanced b agasse + T opsin-M
treatments show highly effective in inhibition of Fusarium activity (density)
around roots of trees followed by Topsin-M treatment. These treatments
reduced the counts of Fusarium propagules counts from 11.4 x 10° cfu / g soil
(untreated diseased trees) to 4.6, 6.2 and 6.8 x 10° cfu / g soil respectively.
Moreover, these treatments cause increasing in population density of
Trichoderma spp around roots of treated trees except in the case of Topsin-
M treatment.

Table (6): Fusarium and Trichoderma propagules counts in rhizosphere
soil of Infested mandarin trees affected by different soil
amendment treatments under field conditions.

Fusarium propagules Trichoderma
. count ¢fu x 10% g dry propagules count cfu x
Soil amendments soil 10% g dry soil

0 day |60 day|120day| 0 day | 60 day |120 day
Bioenhanced bagasse 1kgfiree | 68a | 44b 62bc | 15a| 78a | 82a

Topsin-M 20 gitree 68a 57b| 68b |14a]| 20b | 22¢c
Bioenhanced bagasse 500 ¢ % gqa, | 465 | 46¢ |1.8a 42a | 500

Topsin-M 10 g/ tree
Control (untreated diseased trees) | 6.8a | 96a ([11.4a|16a | 28b | 29¢
Figures with the same letters are not significant (P =0.05 }

As, the total propagules count of Trichoderm spp in rhizosphere soil

of treated trees with b|oenhanced bagasse or bicenhanced bagasse +

Topsin-M were 8.2 and 5.0 x 10%cfu/g dry soil compared with 2.9 and 2.2 x
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10° cfu / g dry soil with untreated control and Topsin-M treatments
respectively.

Data in Table (7) show that averages of fruit yield per tree and also
fruit weight were increased due to amended soil of diseased trees with
bicenhanced bagasse, bioenhanced bagasse + Topsin-M and Topsin-M
treatments. These values were 61.2, 58.4, 45.0 kg/tree and 140,128,110
g/fruit respectively compared with 27.0 kgitree and 85 gffruit of untreated
diseased trees (control). Total fruit yield per / feddan was increased by 130.2,
67.4 and 116.3% due to amended soil of infected trees with the same
treatments, respectively. Moreover , no significant differences were found
between yields of trees that treated by bioenhanced bagasse alone or in
combined with Topsin -M and health trees .

Table (7): Effect of different soil amendment treatments on fruit yield of
mandarin trees affected by Fusarium root rot disease under
field conditions.

j Av . fruit/ | Av. Fruit | Fruit yield
Soil treatments . . Ton [ Increase
tree. (kg) | weight ( g) feddan %

Bioenhanced bagasse 1kg firee] 61.2 be 140bc 9.9bc 116.3
[Topsin-M 20 g/tree 45.0b 110b 7.2b 67.4
Bicenhanced bagasse 500g + 58.4bc 128b 9.3bc 130.2
Topsin-M_10 g/ tree J J
Control (diseased trees) 27.0a 85a 43a | I
IControl (healthy trees) 64.2 bc 152 bc 10.3b | ]

Figures with the same letters are not significant (P =0.05 )

DISCUSSION

Fusarium root rot disease caused by Fusarium solani (Mart.) is one
of the mosl serious diseases attacked mandarin trees especially that
cultivated in new rectaimed lands in the desert (El-Mohamedy, 1898). Control
such disease has been greatly concerned in Egypt, especially after an
increasing of citrus cultivation in these lands.

Trichoderma spp. formulations on wheat- bran, CMC ,sorghum
grains, agricuitural wastes and domestic food wastes were used and delivery
for bio control info soil and scit amendments for controliing soil borne
pathogens on some crops were investigated and recorded by many
researchers ( Mitra and Nandi, 1994 ;Sawantetal, 1895; N emecetal,
1986, Prasad and Ragashwaran., 1999 ; Liv and Huany, 2000 and Godwin
and Arinze, 2000).

In this study, amended Dox medium with different rates of bagasse
(industrial waste of sugarcane) resulted in an increasing of the antagonistic
ability of T. harzisnum against F. solani. Moreover, chitinase and cellulase
activity were increased in filtered cultures of T. harzianum grow on amended
media compared with control (non amended media). In this regard, Hari and
Somosekhar, 1988, Ravelo et a/, 2000 and Wang,, 1989 noted ihat the
highest mass multiplication and enzymatic activity of Trichoderma spp. were
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recorded when the fungus grow on bagasse substrate. High concentration of
free nutrients such glucose in fresh crop residues repress the production of
enzymes required for parasitism by biocontroi agents.

In green house experiments, amended ariificially infested soil with
bicenhanced bagasse (bagasse sand mediumn colcnized by T. hrarzianum) |
enhanced bagasse, biosnhanced bagasse + Topsin-id (0.5 g/L;, Topsin-M (1
g/L}y or 7. narzianum treatments caused significant reduction in percentages
on infection and severity of Fusarium root rot disease on mandarin seedling
compared with control (untreated seedling ). twice soil application with
bioenhanced bagasse, bicenhanced bagasse + Topsin-M or Topsin-M were
highly effective treatments in controlling the disease. Moreover, pepulation
density of propagules counts of Fusarium were highly decreased, where
population density of Trichoderma propagules were highly increased in
rhizosphere soil of seedling treaded with bioenhanced bagasse only or in
combined with the reduced rate of Topsin-M. The reduction in both disease
infzction and severity on seedlings may te aitributed to the highly decreased
in ponulation dersity of the pathogen in the soil and increased the achivity of
T. harzianum (bio agent) propagules in the soil Table(4) . Moreover ire
antagonistic ability of the bic agent against the pathogen and its enzymatic
activity (chitinase and ceilulase) were highly increased Tables{ 1 and 2) .
Trichoderma spp. enhanced the growth and induced systemic resistance of
plants (Kloepper et al., 1980; Windham et al., 1986 and Huang, 1991).

Control of root rot disease pathogens through amended soil by
organic materials or agricultural wastes alone or in combined with bio control
agents may be attributed to 1-increasing the activity of the indigenous
microflora resulting suppression of pathogens population through competition
or specific inhibition 2-releasing degradation compounds such carbon
dioxide, ammonia, nitrites, saponins or enzymes which are generally toxic to
the pathogens 3-inducing plant defense mechanisms 4- cellulase and
giucanase are prevalent to high concentration as a result of the breakdown of
cellulase and lignin by microorganisms in the soil (Kloepper et af, 1980 ;
Tsao and Oster, 1981;; Tumey and Menge, 1994 ; Wang,1999 ;Walker and
Morry ,1999 and Liu and Huang 2000)

in field experiments, the soil around stems of naturally infected
mandarin trees with Fusarium root rot disease were amended with
biocenhanced bagasse, bicenhanced bagasse + Topsin-M or Topsin-M
treatments as twice apolication per season. Such treatments resuited in
recovering some of diseased trees and reduced disease severity on the
others. The best soil amendment treatments in controlling the disease were
bioenhanced bagasse followed by bioenhanced bagasse + Topsin-M. These
treatments reduced the number of infected mandarin trees, disease severity
on diseased trees and aiso caused high reduction in population density of
Fusarium Spp. in rhizosphere soil of treated trees compared with centrol (non
treated diseased trees). Moreover, population density of Trichoderma
propagules counts were highly increased in rhizosphere soil of trees that
treated with the same treatments. These results are relatively in accordance
with results recorded by (Fang et al, 1995; Sawand et al., 1995; Prasad et
al., 1999 and Tewari and Mukhadhyay, 2001) found that Phytopthora root rot
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of mandarin trees was significantly reduced when the soil of the trees were
drenched with Ridom! and amended with Trichoderma spp. grown on coffee
waste.. In addition, these treatments cause an increasing in fruit weight, fruit
yield per tree and also total yield per feddan. Increasing fruit yield of
mandarin trees may be due to the high number of recovered diseased trees,
enhanced in the growth of treated trees due to inhibition of pathogen
{Fusarium) activity and increasing population density of bio agent
{Trichoderma) in rhizosphere soil. Amended soil with agricultural wastes
inoculated by different bio control agents were recoded to improve plant
growth and increased their yield (Tumey and Meng, 1994; Mitra and Nandi,
1994 ;Nemec ¢! al., 1996 and Prasad e! al., 2000)

It could be suggest that supplemented agricultural wastes with bio
control agents such Trichoderma spp., then added to the soil as soil
amendments, or biofertilizer for controlling soil born pathogens can be
successfully used under field conditions replacing traditional fungicides
treatments and avoid environmental pollution.

REFERENCES

Allen, (1961). Experiment on Soil Bacteriology. Burges FPublishing Co.
Minneapolis Minnesota, USA .

Catara, A. and G. Polizzi (1999). Dry root rot of citrus ;| symptoms, causing
and susceptibility of rootstocks.Rivisto di Fruticolture , 6 (11) ; 38-41.

Ceuster, J. J.; A. J. Harry and J. Hoitink { 1999). U sing c ompost t o c ontrol
plant diseases. Bio-control ,61 : 1-5.

Conzulex, W.; J. Ramallo and L. D. Ploper (1997). ldentification of Fusarium
solani (Mart.) associated with decline and root roi of grapefruit
(Citrus paradisi).Avana Agroindustrial 18 : 7 - 8.

El .Mohamedy, R. 8. R. (1998) .Studies on wilt and root rot disease of some
citrus plants in Egypt .Ph. D. Thesis, F ac. Agric. Ain Shams Univ.,
227,

Fang, J. G. and O. H. Tsao (1995) . Efficacy of Penicilfium funiculosm as a
biological control agent against Phytophthora root rots of azalea and
citrus. Phytopathology , 85 : 871-878.

Ferreira, J. H. S; Matthee, F.N. and Thomas , A.C (1991) . Biological control
of Eutypa Iata on grapevine by antagonistic strain of Bacillus subtilis .
Phytopathology , 81:283-287.

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

Hari, K. and N. Somasekhar (1998). Utilization of s ugarcane waste for the
mass multiplication of fungal bio control agents.Cooperative sugar 29
1 637-638.

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

Kloepper. T. W.; J. Leang and M. Schroth (1980). Pseudomonas
siderophores. Mechanism explaining disease suppressive soil,
Microbial. , 4 : 314 - 320.

93



El -Mohamedy , R. S. R.

Kore, S. S. and A. V. Mane (1992). A dry root rot disease of kagzilime (Citrus
auranfifolia) seedling caused by Fusarium solani. Hourmnak Maha.
Agric. India , 17 : 276-278.

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.

May, L. I. And H. Kimati {1999). Biological control of Phytophthara parasitica
in citrus.Fitopatologia Brasileaira , 24 : 18 - 24,

Mitra, S. and B. Nandi (1994). Biodegraded agroindustriai wastes as soil
amendments for plant growth.J. Mycopathol. Res., 32 ; 101- 109.

Monreal,J. and E .T. Reese (1969) .The chitinase of Serratia marcescens .
Canadian Journal of Microbiclogy , 15; 689 - 696 .

Morgan ,K.T. and L.W. Timmer (1984) . Effect of inoculum density , nitrogen
source and saprophytic fungi on Fusarium wilt of Mexican iime .Plant
and Soil , 79:203--210

Nash, S. M. and E. C. Snyder {1962), Quantitative estimation by plate counts
of propagates of the bean root rot Fusarium in field soil
Phytopathology, 52 : 567-572 .

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

Nelson, N . {1944) . A photometeric adaptation of the somogyi method for
determinution glucose . J . Biol . Chem . ,153 : 375 - 380 .

Nemec, S.; L. E. Datnoff and T. Strandbery (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.

Papavizes, G. C. and R. D. Lumsden (1982). Improved medium for isolation
of Trichocderma spp. from soil. Plant Soil ,66 : 1019 — 1020.

Praksasm, V.; A, Jeyarajan and S. R and hambur (1992). Occurrence of dry
root rot disease in mandarin plantations in Shevray Hils.
South Indian Hort. Cuit., 40 : 234 - 235.

Prasad, R. and R. Ragashwaran (1999). Granular formulation of T.
harzianum and Glicoladium spp in biocontrol of Rhizoctonia solani of
chickpea.J. Myco. and Plant Pathology, 29 : 222-226.

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

Ried , I.D. and D. M. Ogryad-Ziak (1981). Chitinase over producing mutant of
Servatia marcescens . Appl. and Environ. Microbiology, 41: 664 -668.

Strauss, J. and N. Labuschagne (1995} . Pathogenicity of Fusarium solani
isolates on citrus roots and evaluation of different inoculum types.
Toege Pasta Plant Watens Kap, 9 : 2, 48 - 52.

Sawant, I. S.; 8. D. Sawant and R. A. Nanay (1995). Biological control of
Phytapathora root rot of coorg mandarin (Citrus raticulata) by
Trichoderma species grown on coffee waste. Indian J. Agric.
Science, 65 : 842-8486,

94



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

Tewari, A. K. and A. V. Mukhapodhyay (2001). Testing of different
formulation of Gliocladium virens against chickpea wilt complex. Idian
Phytopathol., 54 : 67-71.

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

Tumey, J. and J. Menge (1994). Root heaith mulching to control root disease
in avocada and citrus, Gacalf Avocado Soc., No; CAS - 94.

Verma, K. 8.; S. Nartey and N. Singh (1999).Occurrence and control of dry
root rot of citrus seedlings. Plant Disease Research, 14 (2) : 31-34.

Walker, G. E and B. G. Morry (1999). Effect of brassica and weed manures
on abundance Tylenchulus sempleaefrans and fungi in citrus orchard
soil.Australian Jurnal Exp. Agric., 38 : 65-72.

Wang, J. §.(1999).Cellulase froduction by a mutant strain of Trichaderma
spp from bagasse.23" ISSCT Congress, New Delhi India 22-26 Feb.,
(67-76).

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

il Ay sl (e pagmy S0l il BB e Aaglia
a—as) Sl cuad Cliliae e U Trichoderma harzianum
A AN ) (el

2aaall Galy) A sl

pan = 35 = (A= Sgagll e bl 58 el = D ) el acd

M\,;ﬁ.\ oo RPWLS T I [ P TeR) ("":‘=“'|JJ| clilial e Gy el SASSY | gaay Jiaad
LSl a0 e iagd g 3 et il Sl Taglie of Zue 50 L Slia

Trichoderma il lde ool 4 03 sy canalll Laloan TiLad il A p3 5 2 ol 38 4
(3 pat) Baies G g ALz 31 (A pae g9) prCamsdl + Rl Lghe WU Loliad f harzianum
Gie i pa igta e Jial Gyl s Gk Dlaall g gl el ol Dpiadd 4 gl B
Sy eyl Caall e J8 daely Jaeeadh o dU3y L el ladly GRS e sl Sail) J3ad
o Al Sl st Jaa s gad
Wby %00 Yy 00 ) Y0 dikal Yaes Dex medium L Y el Aalias dila) die 4l 23y
» Trichoderma harzianum _bill { sy 5:830) g 5Y1 ltall w838y dyatlizall 3,080 J

o oall el Ligiad A (Wl S5 Badh Al 0 JS ALl g gl ol A
Dl Sy Glead) UL e o salf 328 3 aliad) o3 Alad 0l dael el S
+ ALl 2l s Jsa Trichoderma harzianum hitalae! ool 5 by e palt opudl Shaed
Gl e Aleadt hualt B0 4 0 Aldles s
S st ki lede b Trichoderma harzianum shi e il candll dcaliaay 5t
3ah e Wiy Loyl e e tiaadl lid o e gall G 0 e J2any B3y 53 ey Sy @Y AL
ol el shaed 3 Us pale Lalind Ml dlb o Ll day ) 5 A S0 any e s sl
Jy—anadl e olli L8ail, Trichoderma harzianum kil el o) Ly bl il i Jya
AP RO DTN S LSS IAR R U SRR PLE SRR TP i PN ) PO SRLIN

Lol SlSY Ala o g Sl sl Aslama (Do Zget 3 il pladiad AiS0 B il s

el e Sytalt el i el Clasas Do gliad 4 a0 Lyilal & Trichoderma  harzianum il B
ol Al e @daitaal ooy il alasiod e Ji ol

95



