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Abstract: The possibility of making use of the phenome non of Systemic Acquired Resistance (SAR) to control
viruses achieved by the soaking treatment of tomato seeds cv. Castl Rock with three growth forms to Bacillus
circulans, Pseudomonas fluorescens 2 and Trichoderma harziamum agamst Tomato mosaic tobamovirus
(ToMV) infection. All the application forms of beneficial biotic inducers were reduced the mean number of
ToMV local lesions on Datura metel. P. fluorescens 2 was found to be the best treatment in three forms on
reduction of local lesion number 42.2, 32.7 and 38.1 of microbial liquid culture, microbial cells or spores and
microbial culture filtrate forms, respectively, while the highest mean munbers of local lesions were 51.5, 61.7 and
73.5 of microbial liquid culture, m icrobial cells or spores and microbial culture filtrate, respectively for
T. harzianum. The microbial culture filtrate form was more effective than other microbial forms to reduce mean
number of ToMV local lesions to B. circulans, P. fluorescens 2 and T. harzianum isolates, 40.7, 32.1 and 51.5,
respectively. The mdividual microbial isolates on all three microbial forms able to vary ToMV local lesions
similarity (homologous or heterologous) and morphology (size center and surrounded with halo or without
halo) compared with TMV mother strain.
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INTRODUCTION induction of resistance

of tobacco to

Tomato (Lycopersicon esculantum Mil) 1s a principal
vegetable crop evolving witlhun Egypt. The loss of tomato
production was attributed towards infection with different
viruses. The erect of growth; decrease of yield and quality
of tomato were observed under protective and open field
agriculture. Application of culture filtrate from a non
pigmented 1solate of Erwimia herbicola nfecting
cucumber and tobacco plants for 12 h before inoculation
inhibited the external symptoms due to CMV and TMV
moculation, respectively and resulted in growth
mncreasing compared with untreated plants (Reiss et al.,
1988). Aoki et al. (1993) found that, the culture filtrates of
fungi including Fomes fomentarius and Schizophyllum
commune have a highly active to induce systemic
resistance agammst TMV infection on pepper and tomato
plants. Tn the same time no toxicity was observed on the
host plants. Maurhofer et al. (1994) found that the

systemic
Tobacco Necrosis Virug (TNV) by the root colonizing
P. fluorescens strain CHAO reduced the number of TNV
lesions as well as, reduction of lesions diameter compared
with non-colonized tobacco plants. Treated tomato plants
with plant growth promoting rhizobacteria (PGPR)
included Bacillus amyloliguefaciens 937a, B. subtillus
937b and B. pumilus SE34 as industrial formulated seed
treatment under field conditions, reduced disease severity
and incidence Tomato mottle virus (ToMoV). Further
more, some of PGPR treatments increased tomato fruit
yield at the first of two or more harvests (Murphy et of .,
2000). Kolase and Sawant (2007) mentioned that, the
culture filtrate of individual T. harziamum, T. viride and
T. longisporum, as well as the combination of culture
filtrate 7. harzianum and T. viride were induced systemic
resistance on tomato plants and reduced the TMV
symptoms and < TMV local lesions produced on
Nicotiana glutinosa. The current study aims to induce
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systemic acquired resistance in tomato plants using
bacterial and fungal liquid culture, cells or spores and
cultural filtrates as antiviral against Temato mosaic
tobamovirus.

MATERIALS AND METHODS

Virus isolate: Tomato mosaic tobamovirus was obtained
from Virology Lab. Agric. Microbiol. Dept. Fac. of Agric.
Ain Shams Univ., Cairo, Egypt and then maintained in
N. tabacum cv. White Burly. The virus isolate was
confirmed by usmg the differential hosts (V. glutinosa,
N.  tabacum cv. White DBurly, N rustica,
Chenopodium amaranticolor, D. metel, D. stramonium
and L. esculantum cv. Castl Rock). The virus was
propagated in N. fabacum cv. White Burly as a ToMV
propagative host.

Source of biotic inducers: Two bacterial and one fungal
1solates were obtamned from Microbiological Resources
Centre (MIRCEN), Fac. of Agric. Ain Shams Univ., Cairo,
Egypt. The were prepared via
propagation of B. circulans on nutrient broth (Waksman,
1957), wherease P. fluorescens 2 were propagated in
King's B broth (King et al., 1954). The suspensions of
bacterial cells were adjusted at about mean density of
5x109 CFU mL ™" according to Raupach et al. (1996). The
suspensions of bacterial cells were prepared according to
Zehnder et al. (2000). The bacterial cells were collected
from the prepared cultures by centrifugation at 6,000 g for
10 min and the collected pellets were resuspended in
0.02 M phosphate buffer, pH 7.0. The bacternal cells were
washed twice with the same buffer and then adjusted at
about mean density of 5x<109 CFU mL™". The culture
filtrate of each bacterial isolate was prepared in specific
broth medium according to Raupach et al. (1996) and then
the culture was harvested by centrifugation at 1000 g
for 10 min at 4°C. The supernatant was then filter sterilized
through 0.045 pm Millipore filter to obtain sterilized
culture filtrate (Patel and Patel, 1993).

T. harzianum was propagated in potato dextrose
broth; the conidial media suspension was adjusted at
about mean density of 1010 spores mL ™' according to
Chambers and Scott (1995). The fungal spores were
prepared by obtained conidial media suspension as
described above, followed by centrifugation at 1000 g for
10 min, then the pellets were resuspended in 0.02 M
phosphate buffer, pH 7.0 and mean density was adjusted
to about 108 spores mI.~". The fungal culture filtrate was
prepared according to Chambers and Scott (1993). After
obtained the fungal cultures, cultires were harvested by
passing them through four layers of muslin cloth and the

bacterial cultures
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filtrate centrifuged at 1000 g for 10 min at 4°C. The
supernatant was filtered through Whatman No.1 filter
paper and then passed through a 0.045 pm Millipore filter.

Greenhouse experiment: The soil used in the experiments
was prepared by mixing clay, sand and peat-moss by ratio
(3:1:1, viviv) and divided mto two parts. The first was
autoclaved at 121°C for one h, while the second was used
as non sterilized soil. Plastic pots (20 cm in diameter) were
washed and air dried, then sterilized with chlorox. The
sterilized pots were filled with sterilized or
sterilized scils at rate 1.5 kg pot™. Three microbial
isolates were used to induce the systemic resistance in
tomato plants cv. Castl Rock against ToMV. The
treatments were as follows: (seeds treated with B.
circulans, P. fluorescens 2 and T. harzianum liquid
cultures broth), (seeds treated with microbial cells and
spores once) and (seeds treated with microbial cultural
filtrates). ToMV was challenge-mechanical moculated
with ToMV moculum onto adexial side of the first pair of
tomato leaves, 2 weeks after planting to each treatment.
Healthy control plants were inoculated with sterile 0.1 M
potassium  phosphate buffer (PPB), pH 7.2 The
inoculated leaves were rinsed with water and kept under
greenhouse conditions and observed until symptoms
appeared after 21 days (Murphy et al., 2000).

1orn-

Virus variability: Random sample 5 discs (5 cm) of
inoculated tomato plants of each treatment were used for
inoculation 4 indicator host (1. metel) at a same
physiologically age. Each leaf of the indicator plants were
mechanically moculated with 50 pL of virus inoculum per
leaf by a spatula, (Noordam, 1973). Diversity of single
local lesion and number were used to determine the virus
variability. Virus concentration was detected as mean
number of L.L. by latin square method on D. metel as
indicator host for ToMV.

RESULTS

Confirmation of Tomate mosaic tobamovirus isolate:
Tomato mosaic tobamovirus was obtained from Virology
Lab. Agric. Microbiol. Dept., Fac. of Agric. Ain Shams
Univ., Cairo, Egypt and confirmed biologically by
differential hosts which showed different symptom types.
Local lesions, D). metel, D. stramonium, N. glutinosa,
C. murale and C. amaranticolor produced necrotic local
lesion while N. rustica and N. tabaccum cv. White Burly
produced local lesion firstly and followed by systemic
symptoms on inoculated leaves after 3-3 days post
mnoculation, (Table 1, Fig. 1). Systemic symptoms,
L. esculantum cv. Castl Rock appeared mild mosaic.



Pak. J. Biol. Sci., 16 (8): 385-390, 2013

Fig. 1(a-g) Leaves of differential hosts mechanically inoculated with ToMV isolate showing different symptoms,
(a) N. tabaccum cv. White Burly, (b) C. asnaranticolor, (c) N. rustica, (d) D. stramorium, (&) D. metel (f)

C. murale and (g) N. glutinosa

Table 1: Reaction of differential hosts with ToMV

Table 2: Effect of biotic inducers on ToMV infectivity in tomato plants

Differential hosts Incubation period Host reaction

D. metel 5 NLL

D. stramnonium 4 NLL

N giutinosa 4 NLL

N rustica 4 NLL, 8V

N tabaccum ov. white burty 10 NLL, SM, Mal
L. escudantum cv. castl rock 21 Ve, M

C. ameranticolor 5 NLL

C. murale 5 NLIL

NLL: Necrotic local lesion, SM: Severe mosaic, Mal: Malformation, Vc:
Vein clearing

Indication of host resistance: Three microbial 1solates
were used to induce the systemic resistance i tomato
plants against Tomato mosaic virus (ToMV). These
isolates were two bacterial isolates (B. circulans and
P. fluorescens 2) and one fungal 1solate (7. harzianum),
they used as seed soaking by three forms, microbial liquid
culture, microbial cells or spores and microbial culture
filtrate under sterilized scil. The induced systemic
resistance was detected biologically only by wvirus
concentration and variability, mean mumber of ToMV
local lesions on DD, metel as ToMV indicator host. Tt
was for determination of virus concentration, as well as
ToMV  variability was detected by L.L. diversity
(Table 2, 3).
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Mean number of local lesions/Percentage of reduction

Microbial Microbial cells/ Microbial culture
Treatments liquid culture spores filtrate
Control 83/ 00.00 91.4/00.00 77.3/00.00
B. circudans 47.9/42.29 48.6/46.83 40.7/47.35
P. fluorescens 2 42.2/49.16 387 /57.60 32.1/58.47
T. harzianum 61.7/25.66 73.5/19.58 51.5/33.38
All forms of biotic inducer treatments were

reduced the mean number of L.L.. compared with control.
P. fluorescens 2 was found to be the best treatment
among the used three forms on reduction of L.L. numbers
49.16, 57.66 and 58.47% of microbial liquid culture,
microbial cells or spores and microbial culture filtrate,
respectively. The microbial culture filtrate from the three
microbial isolate forms has the highest percentage
reduction of mean I..I. number compared with the other
forms of treatments. The lower percentage reduction of
mean L.L numbers was 2566, 19.58 and 33.38% of
microbial liquid culture, microbial cells or spores and
microbial culture filtrate, respectively for T. harzianum:

Control — Treated
Control

Percentageofreduction= 100
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Table 3: Single local lesion diversity of ToMV inoculated tomato plants treated with individual bictic inducers on D. metel leaves

Treatmerts Similarity Mean diameter of I.I.. (mm)  Morphology

Microbial liquid culture

Control Homologous 2 Necratic T..1.. edge with dark brown color-without halo

B. circidans Heterologous 3 Two types of L.L. 1-Necrotic L.1.. edge with dark brown color-with halo
1 Necrotic L.L. edge with dark brown color- without halo

P. fluorescens 2 Homologous 4 Necrotic L.L. edge with dark brown color-without halo

T harzicnim Homologous 1 Necrotic L.L. edge with dark brown color-without halo

Microbial cells/spores

B. circidans Homologous 1 Necratic T..1.. edge with dark brown color-without halo

P. fluorescens 2 Heterologous 2 Two types of L.L. 1-Necrotic L.1.. edge with dark brown color-with halo
1 Necrotic L.L. edge with dark brown color-without halo

T harzicnim Homologous 2 Necrotic L.L. edge with dark brown color-without halo

Microhial culture media

B. circidans Homologous 2 Necratic T..1.. edge with dark brown color-without halo

P. fluorescens 2 Heterologous 3 Two types of L.I.. 1-Necrotic L.1.. edge with dark brown color-with halo
1 Fine necrotic L.L

T harzicnim Heterologous 3 Two types of L.L. 1-Necrotic L.L. edge with dark brown color-with halo
1 Fine necrotic L.L

ToMV isolate variability via local lesion diversity was
estimated as frequency to use a parent strain of C ToMV
m D. metel that gave conspicuous local lesions as
homologous necrotic 1.1, edge with dark brown color-
without halo-2 mm in diameter. One then looks for effect
of biotic inducers produced ToMYV isolate concentration
per single local lesion, similarity and characteristic
morphology (center, surrounded halo, chlorotic, necrotic,
size, fine and large) local lesion in 1. metel This method
index of ISR 1n tomato according to severe of local lesions
diversity (Fig. 2). The virus inoculated plants treated
with individual biotic inducers (Table 2), (B. circulans,
P. fluorescens 2 and T. harzianum) revealed different local
lesions (Fig. 2).

In the microbial liqud culture form, B. circulans
induced two types of heterologous local lesions, necrotic
edge with dark brown color, surrounded with hale, 3 mm
in diameter. The second were 2 mm in diameter of necrotic
local lesions with dark brown edge, without halo,
(Fig. 2-al). On the other hand, B. circulans induced
homologous necrotic local lesions with dark brown edge,
without hale 1 mm in diameter, in microbial cells or spores
form, (Fig. 2-b1). In microbial culture filtrate B. circulans
induce 2 mm in diameter of necrotic local lesions wit h
dark brown edge, without halo, (Fig. 2-al). P. fluorescens
2 was induced homologous necrotic local, 4 mm in
diameter, swrounded without halo, the edge with
dark brown color in the microbial liquid culture form
(Fig. 2-a2). spores
P. fluorescens 2 induced heterologous local lesions. Type

In microbial cells or form

one were necrotic local lesions, edge with dark brown
color, without halo and it has 3 mm i diameter. The
second were 2 mm in diameter of necrotic local lesions
without halo, surrounded with dark brown edge,
(Fig. 2b2). P. fluorescens 2 produced heterologous local
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lesion, the first type 1 mm in diameter necrotic local
lesions and its edge with dark brown color, when have not
halo. The second one were necrotic local lesions, 3 mm in
diameter, with dark brown edge, without halo, in microbial
culture filtrate (Fig. 2-b3).

In the microbial hiquid culture form 7. harzianum
induced homologous necrotic local lesions, 1 mm in
diameter, swrounded without halo, the edge with dark
brown color, (Fig. 2-¢1), while it was induced 2 mm in
diameter necrotic local lesions with dark brown edge,
without halo, n microbial cells or spores form, (Fig. 2-¢2).
On the other microbial culture filtrate, two types of
heterologous local lesions, necrotic edge with dark brown
color, without halo, 1 mm in diameter were induced by
T. harziamum. The second were 3 mm in diameter of

necrotic local lesions with dark brown edge, swrounded
with halo, (Fig. 2-¢3).

DISCUSSION

The obtained results of ToMV concentration revealed
that, three formms of biotic inducer treatments were
reduced the mean number of L.L.. compared with control.
P. fluorescens 2 was found to be the best treatment in
three forms on reduction of L.L.. numbers 42.2, 32.7 and
38.1 of microbial liquid culture, microbial cells or spores
and microbial culture filtrate, respectively. The microbial
culture filtrate from the three microbial isolate forms
has the lowest mean number of I.I. compared with
the other forms treatments. The highest mean numbers
of LL were 51.5, 61.7 and 73.5 of microbial liquid
culture, microbial cells or spores and microbial culture
filtrate, respectively for T. harzianum. The same results
were obtained by Zhang et ol (2002) and Zhao and Wu
(2007).
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(a3)

Fig. 2: Single local lesion diversity of ToMV inoculated tomato plants treated with individual biotic inducers on D. metel
leaves, (¢) Control, (al) B. circulans iquid culture, (a2) B. circulans cells, (a3) B. circulans culture filtrate, (b1)
P. fluorescens 2 liquid culture, (b2) P. fluorescens 2 cells, (b3) P. fluorescens 2 cultwre filtrate, (cl) T. harzianum
liquid culture, (¢2) T. harzianum spores, (¢3) T. harzianum culture filtrate

Also, the lower percentage reduction of mean L.L
numbers were due to the 7. harzianum treatment as 25.66,
19.58 and 33.38% of microbial liquid culture, microbial cells
or spores and microbial culture filtrate, respectively for.
The same results were obtamned by Zhang et al. (2002)
and Zhao and Wu (2007). ToMV isolate variability via
local lesion diversity was estimated as frequency to use
a parent stran of ToMV in D. metel by ToMV
concentration per single local lesion, similanty and
characteristic morphology (center, surrounded halo,
chlorotic, necrotic, size, fine and large) of local lesion.
Induced mutants are not a random selection of all possible
mutants for several reasons: (1) the mitial recognition of
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mutants 18 based on a difference m symptoms produced
on a few selected hosts. (2) The mutants selected are
generally those that produced intact virus particles in
reasonable yield. (3) Only mutations in the coat protein
cistron can be examined by chemical methods at the
present time. (4) Silent mutations can occur in which there
is a change in a base in the RN A, (Matthews, 1970).

The obtained results showed that, all mdividual biotic
treatments were able to vary local lesion similarity
(homologous or heterologous) morphology (size center,
swrounded with halo or without halo) produced to ToMV
infection.  These  results are m accordance to
Koganezawa et al. (1998) and Zhang et al. (2002). The size
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of TMV local lesions on Xanthi-nc tobacco plants
reduced by approximately 50% compared with control
plants a result to mnduce systemic resistance,
(Vernooyj et al., 1995), these results in accordance to
obtained results.

The SAR was indicated by virus variability (local
lesion diversity) produced by ToMV for individual of
microbial 1solates. The obtained results showed that,
all individual biotic treatments were able to vary
local lesion similarity (homologous or heterologous)
morphology  (size center, swrounded with halo or
without halo) produced to ToMV mnfection. These
results revealed that biotic inducers under study
have an effect on chemical and physiological changes in
plant which duo to virus varability based on L.L.
diversity.
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