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Table 4: Effect of Trichoderma isolates on the radial growth of R. solani and F. oxysporum

Identified the Linear growth (cm) Growth reduction Linear growth (cm) Growth reduction (%)
isolates from 1 of R. solani (R ) (%) R. solani (R ) of F. oxysporum F. oxysporum2    2

Identified the  isolates from 1 2.43±0.06 67.12 1.53±0.47 61.75
Identified the isolates from 1 2.90±0.10 60.81 1.40±0.20 58.82
Identified the isolates from 1 2.20±0.44 69.86 1.40±0.26 60
Identified the isolates from 1 2.23±0.51 50.44 0.17± 0.21 62.25
Identified the isolates from 1 1.53±0.06 79.6 0.70±0.26 76.6
Identified the isolates from 1 1.63±0.46 77.36 0.17± 0.21 62.25
Identified the isolates from 1 2.50±0.26 44.44 1.70±0.30 51.42
Identified the isolates from 1 2±0.10 72.22 1.70±0.30 51.42
Identified the isolates from 1 2.7±0.35 64 1.80±0.26 59.90
Identified the isolates from 1 2.20±0.36 65.8 1.53±0.31 56.28

Fig. 1: RAPD-PCR for the 6 bacterial isolates using five different arbitary primers. Lanes, M: 1kbp DNA marker ranged
from 1000bp to 100bp. Lanes from 1to 6 indicated for the six examined bacterial isolates. Primer name as indicated
in the right corner of each picture.

Fig. 2: RAPD-PCR for the 10 fungal isolates using five different arbitary primers. Lanes, M: 1kbp DNA marker ranged
from 1000bp to 100bp. Lanes from 1to 6 indicated for the six examined bacterial isolates. Primer name as indicated
in the right corner of each picture.

plants and growth rate) infected with F. oxysporum f. sp. number of leaves, symptomless appearance and etc)
lycopersici and Rhizoctonia solani. But the disease compared  to  the  control of tomato plants infected with
incidence and severity was detected on the tomato plants F. oxyspoum f. sp. lycopersici and R. solani as a plant
cultivated in soil infected with F. oxysporum f. sp. pathogen and control of healthy plant. This may be due
lycopersici  and R. solani without adding the bioagents to plants react to pathogen attack by the induction of a
B. subtilis and T. viride. Where T. viride and B. subtilis battery of defense responses suggesting that protective
stimulated the growth of tomato plants (the plant height, mechanisms  may have complementary roles in the overall
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Fig. 3: Antagonistic effect of the tested T.viride (T5) and B. subtilis(B1) on the linear growth of F. oxysporum (F1)and
R. solani (R2) in dual culture test on PDA medium after seven days of incubation at 25°C. 

Fig. 4: Histogram of quantitative estimation of cellulase gene expression   during amplification of (cellulase) defense
gene.

Fig. 5: Histogram of quantitative estimation of chitinase gene expression during amplification of chitinase defense gene.
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Fig. 6: Histogram of quantitative estimation of defense gene expression during amplification of defense gene.

Fig. 7: Histogram of quantitative estimation of endogluconase 1 gene expression amplification of endogluconase 1 gen

expression of disease resistance [26]. Plant defense response [31]. PR proteins produced in response to
response to non-specific facultative pathogens takes pathogen attack, as well as in response to treatment with
place in four important phases. The first phase of fungal elicitors and a biotic factor. Real-time PCR, which
infection occurs when the fungal propagule makes combines the advantages of conventional PCR with
contact with the surface of a plant structure (lodicules, quantitative capability [31] is, at present one of the most
lemmal tissue and ovary base of the spikelets). Even sensitive and accurate method for the detection and
before penetration has taken place, signaling mechanisms quantification of gene expression [32]. Its high sensitivity
within the affected and surrounding cells detect the allows the quantification of rare transcripts and small
presence of the fungus [27, 28]. When a breach in cell changes in gene expression [33]. In this study real-time
wall/membrane occurs, a second phase is established, PCR was used to detect PR proteins in response to
where generalized stress response/infection recognition pathogen attack, as well as in response to treatment with
occurs. These responses include activation of genes in elicitors and biotic factors (Trichoderma and Bacillus).
several pathways that can combat spread of the pathogen Chitinase genes are differentially regulated in response to
[29]. Examples include the synthesis of phytoalexins, that development  or  by colonization of plant tissues by
is, compounds that are toxic or fungi static and synthesis micro-organisms [34] and as well as the cellulase gene.
of lignin to strengthen cell walls and consist of enzymes Where the relative amounts of mRNA detected from target
that  function   to  degrade  fungal  cell  walls,  including genes  (cellulase,   chitinase,   endogluconase  and
$-glucanases  and  chitinases  [30]. A defense response defense gene) present in samples collected post
in the plant is often mounted primarily in response to the inoculation for each treatment by T. viride and B. subtilis
soluble cell wall degradation products which act as at time (4, 8, 12 and 24h) were compared with the amount
elicitors. A particularly well-studied aspect of plant of mRNA that  in  control   of  F.  oxysporum  f. sp.
resistance is the pathogenesis-related (PR) protein radicis-lycopersici    and    R.   solani   and   the   results
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 normalized to ITS gene (reference gene) show high level was (0.59) in tomato plants infected with R.solani and
of gene expression. Using 6 sets of arbitrary primers treated with Trichoderma viride compared with Fusarium
combinations, arbitrary degenerate primers (cellulase1), and Rhizoctonia control which was 0.28 and 0.29.
(cellulase2), (cellulase3), (Chi 15), (Ns2) and Meanwhile, the quantitative estimation of endogluconase
(endogluconase 1F) were used in fingerprinting and PR gene were estimated where, the level of
demonstration the genetic variation between the examined endogluconase 1 gene expression was (0.63) in tomato
bacterial and fungal isolates. The major observation was plants  infected  with  F.  oxysporum  and   treated   with
an increase in genetic variations between control and T. viride and was 0.57 in plants infected with Rhizoctonia
treated samples. In addition, many down-regulated genes solani and treated with T. viride after 8h. While, the level
(turned off) and up-regulated genes (turned on) were of gene expression in plants infected with Fusarium
observed  in   both   samples  treated  with  T.  viride  and oxysporum and treated with B. subtilis was 0.53 and was
B. subtilis when the samples collected at different times 0.43 in plants infected  with  R.  solani  and  treated  with
after addition of bioagents. B.  subtilis  after  12h  compared  with F. oxysporum and

The relative amounts of mRNA detected from target R. solani  control which was 0.37 and 0.35.
genes (cellulase, chitinase, endogluconase and defense From the aforementioned results, it could be
gene) present in plant samples collected post inoculation conclude  that  the  dual  treatment  with  B.  subtilis  and
for each treatment by T. viride and B. subtilis at time T. viride has a significant and more feasible to control
intervals (4, 8, 12 and 24h) were compared with the amount root rot and wilt disease pathogens in vitro and decrease
of mRNA that in control F. oxysporum and R. solani and the symptoms of the disease (data not presented)
the results normalized to ITS gene (reference gene or comparing with the individual treatments, because of their
house keeping gene). Where the highest level of gene potentialities to produce plant growth promoting
expression (gene copy number) of cellulase gene was in substances [35, 36] and induce PR proteins in response to
tomato plants treated with T. viride than the other treated pathogen attack, as well as in response to treatment with
with B. subtilis. Moreover, the level of gene expression elicitors. The plant systemic resistance was induced due
was high at the tomato plants infected with F. oxysporum to the presence both of Trichoderma isolates and
and treated with T. viride and tomato plants infected with Bacillus  isolates  as  bioagents.  On  the  other  hand
R. solani and treated T. viride where it was (1.921) and many  microorganisms  activate  pathogenesis-related
(2.35) after 24 h, respectively when compared with the protein  synthesis  before  the  pathogen  invades the
tomato plants contain control Fusarium which was (0.208) host plant [37]. The induction of plant resistance
and control Rhizoctonia which was (0.31). Meanwhile, the mechanisms by different Trichoderma strains has been
level of chitinase gene expression was high after 24 hr shown to enhance the production of defense-related
post inoculation where the level of gene expression was metabolites in the plant such as enzymes involved in the
(1.932) in tomato plants infected with F. oxysporum and response to oxidative stress and pathogensis-related
treated with T. viride. Also the level of chitinase gene proteins [38, 39]. 
expression was (2.76) with plants infected with R. solani  
and  treated  with  T.  viride. While the lowest level of REFERENCES
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