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The research work was performed to investigate the potential of Bacillus thuringiensis strain 199 to induce systemic resistance in 
tomato against Fusarium wilt. Roots of two-week-old seedlings of tomato plants were primed with bacterial strain. After 10 days of 
transplantation, some pots of tomato seedlings were provided with inoculum of Fusarium oxysporum lycopersici according to ex-
perimental design to induce disease. After 15 days of incubation period, plants challenged with F. oxysporum lycopersici alone were 
having obvious symptoms of Fusarium wilt. Plants that were treated with B. thuringiensis 199 + F. oxysporum lycopersici were 
having significant reduction of disease severity. Quantity of total phenolics increased 1.7-fold in bacterial-treated plants as com-
pared to nontreated. Likewise, in case of defense-related enzymes, a significant increase of 1.3-, 1.8-, and 1.4-fold in polyphenol 
oxidase (PPO), phenyl ammonia lyase (PAL), and peroxidase (PO) was observed in comparison with untreated control. These re-
sults, hence, prove the potential of this bacterial strain for use as plant protection agent.

Keywords: induce systemic resistance ISR, Fusarium wilt, tomato, total phenolics, poly phenol oxidase PPO, phenyl ammonia 
lyase PAL, peroxidase PO

Introduction

Plants are sessile organisms unable to move to save them 
from stresses and pathogens. To compete with these harm-
ful conditions or diseases, plants, therefore, have evolved 
different types of mechanisms to minimize harms of these 
stresses by rapid, dynamic, and complex alterations in 
their physiology. Resistance to plant disease is supposed to 
be a dynamic and multifactorial process. It is assumed that 
plant defense response can be activated by specifi c recog-
nition of some microorganisms by the plant. There may 
be whole organisms or products secreted by microorgan-
isms under the infl uence of which plants initiate defense 
response [1, 2]. Diverse plant response involves synthe-
sis and accumulation of antimicrobial phytoalexins [3, 4], 
induction of hypersensitive response [5, 6], production of 
defense-related proteins [7], production of activated oxy-
gen species [8, 9], and modifi cation of plant cell wall by 
deposition of callose [10]. When plants are primed with 
any bioagent, these respond faster and/or more strongly 
with the activation of defense responses.

Colonization of plant roots by selected strains of non-
pathogenic bacteria, such as various species of the general 

Pseudomonas [11–13], Bacillus [14], or Bradyrhizobium 
[15], can induce a distinct broad-spectrum resistance re-
sponse in both below- and above-ground parts of the plant. 
This type of resistance to diseases is named as induced sys-
temic resistance (ISR) [12, 13, 16]. Fusarium oxy sporum 
is one of soil-borne plant pathogens and is widely distrib-
uted in various soil types worldwide [17]. Recently, there 
has been a growing interest in nonpathogenic bacteria due 
to their effi cacy as biocontrol agents in many crops [18, 
19]. Application of some Bacillus strains to seeds or seed-
lings has been found effective for suppressing soil borne 
diseases and has successfully induced systemic resistance 
in the treated plants [14, 20]. Various species of bacillus 
have been shown to exhibit ISR activity. These are includ-
ing specifi c strains of the species, viz., Bacillus amylo-
liquefaciens, Bacillus subtilis, Bacillus pasteurii, Bacil lus 
cereus, Bacillus pumilus, Bacillus mycoides, and Bacillus 
sphaericus, that are capable of eliciting signifi cant re-
ductions in the incidence or severity of various diseases 
on a diversity of hosts [21]. Elicitation of ISR by these 
strains has been demonstrated in greenhouse or fi eld tri-
als on tomato, bell pepper, muskmelon, watermelon, sugar 
beet, tobacco, Arabidopsis sp., cucumber, loblolly pine, 
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and two tropical crops and pepper [21]. Protection result-
ing from ISR elicited by Bacillus spp. has been reported 
against leaf-spotting fungal and bacterial pathogens, sys-
temic viruses, a crown-rotting fungal pathogen, root-knot 
nematodes, and a stem-blight fungal pathogen as well as 
damping-off, blue mold, and late blight diseases.

Methodology

Microbial isolate and plant source

Bacillus thuringiensis strain 199 was procured from bacte-
rial conservatory of Institute of Agriculture Sciences, Uni-
versity of the Punjab, Lahore, Pakistan. This strain was 
isolated from wheat rhizospheric soil. Seeds of tomato 
were bought from market.

Experiment

Seeds were surface sterilized with 1.0% solution of sodium 
hypochlorite for 1–2 min and then thoroughly washed with 
distilled water. Seeds were sown in sterilized sandy loam 
soil for seedling development under lab conditions. When 
seedlings were of 2 weeks old, these were transplanted in 
plastic pots of 10 inch diameter containing sterilized san-
dy loamy soil and were subjected to further experiment. 
There were three replicates with fi ve plants in each repli-
cate. Experimental design was as follows:
Group 1: Supplied with distilled sterilized to serve as 

control;
Group 2: Challenged with pathogenic strain of F. oxyspo-

rum f. sp. lycopersici to serve as disease control;
Group 3: Provided with test bacterial treatment alone to 

serve as bioagent control;
Group 4: Provided with both bacterial and pathogenic 

fungi treatment.

Plants were kept under growth room conditions at tem-
perature of 25 °C ± 2 °C under 18 h of light conditions. 
These were provided with distilled sterilized whenever 
needed.

Root priming of tomato seedlings with test bacterial
genera

Test bacterial strain was cultured onto conical fl asks con-
taining 100 ml of Luria–Bertani (LB) broth media. These 
were kept in incubator at 35 °C for 24 h with agitation. 
After incubation, material was taken out from fl ask and 
centrifuged at 4000 rpm. Supernatant was discarded, and 
bacterial cells were collected from the pallet. Inoculum of 
bacterial cells was prepared in normal saline at concen-
tration of 1000 bacterial cell per milliliter. Roots of two-
week-old seedlings were primed with bacterial inoculum 
by keeping then in inoculum for 30 min. After this, these 

seedlings were transferred in pots prepared as discussed 
previously.

Inoculation with F. oxysporum f. sp. lycopersici

Culture of F. oxysporum f. sp. lycopersici causing wilt 
disease in tomato was obtained from First Fungal Culture 
Bank of Pakistan, Institute of Mycology and Plant Pathol-
ogy, University of the Punjab, Pakistan. The pathogen in-
oculum was prepared by culturing the fungus on potato 
dextrose agar (PDA) medium for 1 week in petri plates. 
Microconidial suspension was prepared by pouring 30 ml 
of sterile distilled water in each petri plate. The concen-
tration of micro conidia was adjusted to 1000 conidia per 
milliliter. This spore suspension was then challenged to al-
lotted pots at rate of 50 ml in each pot.

Plant harvest and analysis

After 20 days of pathogen inoculation, harvest was taken. 
Beginning after 5 days of inoculation, external symptoms 
of Fusarium wilt (wilting and yellowing of leaves) were 
assayed. Disease severity was recorded by the formula 
given below [22]:

Disease severity
Portion of leaves with symptoms 100.

The total number of leaves

=

= ×

Some biochemical constituents and enzymes related to 
plant defense were also assayed.

Estimation of total phenolics

One gram shoot sample was extracted with 10 ml of 80% 
methanol at 70 °C for 15 min. Reaction mixture was con-
taining 1 ml of methanolic extracts, 5 ml of distilled steril-
ized water, and 250 μl of Folin–Ciocalteau reagent (1 N). 
This solution was kept at 25 °C. The absorbance of the 
developed blue color was measured using a spectropho-
tometer at 725 nm. Gallic acid was used as the standard. 
The amount of phenolics was expressed as milligram gal-
lic acid per gram plant material [23].

Estimation of defense-related enzymes

Leaf samples were taken at regular intervals from the 
plants for enzymes assays. One gram of leaf sample was 
homogenized with 2 ml of 0.1 M sodium phosphate buffer 
(pH 7.0) in ice bath for enzyme assays. The homogenates 
were then centrifuged at 10,000 g for 10 min. Supernatants 
were used to analyze the defense-related enzymes like per-
oxidase (PO), polyphenol oxidase (PPO), and phenylala-
nine ammonia lyase (PAL) activities.
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Estimation of PPO activity

PPO activity was determined according to the method 
proposed by Mayer et al. [24]. The reaction mixture was 
containing 200 μl enzyme extract and 1.5 ml of 0.01 M 
catechol. Activity was expressed as changes in absorbance 
at 495 nm·min−1mg−1 protein.

Estimation of PAL activity

PAL activity was determined according to the method of 
Burrell and Rees [25]. The reaction mixture contained 
0.03 M L-phenylalanine and 0.2 ml enzyme extract in a 
total 2.5 ml of sodium borate buffer (pH 8.8). This reaction 
mixture was kept in a water bath at 37 °C for 1 h, and 0.5 ml 
of 1 M (trichloroacetic acid) TCA was added. The amount 
of trans-cinnamic acid formed from L-phenylalanine was 
measured spectrophotometrically at 290 nm. Enzyme ac-
tivity was expressed as microgram of trans-cinnamic acid 
h−1mg−1 protein.

Estimation of PO activity

The method of Fu and Huang [26] was used to estimate 
the peroxidase activity. For this purpose, 50 μl of enzyme 
extract was added to 2.85 ml of 0.1 M phosphate buffer 
(pH 7.0) and mixed with 0.05 ml of 20 mM guaiacol re-
agent. The reaction was started by the addition of 0.02 ml 
of 40 mM hydrogen peroxide to the mixture. Rate of in-
crease in absorbance at 470 nm was measured over 1 min. 
One unit of enzyme activity was defi ned by the change in 
absorbance of 0.01 for 1 g fresh weight per minute.

Statistical analysis

The results represented are mean values of two indepen-
dent experiments. Data were statistically analyzed by 
ANOVA and Duncan multiple range test at signifi cance 
level of p = 0.05 [27].

Results

Disease incidence and disease severity

A microbial strain “Bacillus thuringiensis strain 199” was 
tested for its capability to manage Fusarium wilt of tomato 
under pot conditions. For that purpose, tomato plants were 
cocultivated with pathogen and bacterial strain in different 
combinations. After incubation, data regarding disease se-
verity were analyzed. A signifi cant reduction of 65.1% was 
noticed in disease severity in plants treated with bacterial 
strain as compared to pathogen control (Table 1). Thus, 
these results provide us evidence that this bacteria strain is 
helpful for control of Fusarium wilt of tomato.

Change in total phenolic compounds

Induction of defense-related biochemicals like total phe-
nolics and some pathogenesis-related enzymes was stud-
ied in bacterial- and pathogen-treated plants under different 
combinations. Presence of our bacterial strains induced sig-
nifi cantly higher productions of defense-related biochem-
icals as governed by ANOVA (p < 0.05). Slight change 
was observed in pathogenic control whereas no signifi cant 
change was observed in total phenolic contents of un-
treated control (Fig. 1). A rapid increase was observed in 
total phenolics of plants treated with B. thuringiensis up 

Table 1. Efficacy of root priming of B. thuringiensis 199 for con-
trol of Fusarium wilts of tomato under growth house conditions

Treatments Disease severity

B. thuringiensis + 
F. oxysporum Lycopersici

29 ± 2.3A

B. thuringiensis –
Pathogen control
(F. oxysporum Lycopersici)

83 ± 5.1B

Untreated control –
Values are the mean of three replicates. Capital letters repre-
sent significance level at p < 0.05 by DNMRT test. (–) : not de-
termined

Fig. 1. A: Tomato plants in growth room. B: Bacterial-treated plants showing less disease severity as compared to 
pathogen alone. F.O. = F. oxysporum lycopersici, B.T. = B. thuringiensis strain 199
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to day 15. A signifi cant increase of 1.7-fold was noted in 
total phenolic contents of the leaves of tomato plants at 
day 15 treated and cocultivated with bacterial strain and 
pathogen.

Estimation of defense enzymes

Our study also revealed the signifi cantly higher activity of 
defense-related proteins against Fusarium wilt pathogen. 
PO, PPO, and PAL activities were measured in leaves from 
pathogen-inoculated and bacterial-treated tomato plants. 
Bacterial strains individually and in a mixture of pathogen 
stimulate PO, PPO, and PAL in tomato plants. These ac-
tivities were found to increase rapidly in initial days after 
inoculation (Fig. 2).

There was a signifi cant increase in PPO contents in 
plants treated with B. thuringiensis. An increase of 1.3-fold 
was observed at day 5 after inoculum in quantity of PPO 
as compared to plants that were not treated with bacteria 

strain (Fig. 2). Plant treated with pathogen alone showed 
a nonsignifi cant increase in PPO contents at all. Likewise, 
phenolics and PPO contents also showed rapid increase in 
initial days. This trend was also observed in case of PAL 
and PO activity (Fig. 2). Increase in PAL contents was also 
signifi cant in bacterial-treated plant that exhibited a maxi-
mum increase of 1.8-fold at day 15 (Fig. 2). In the same 
way, a positive increase was noted in PO activity also. 
There was an increase of nearly 1.4-fold in PO activity in 
bacterial-treated plants at day 10.

Discussion

Tomato crop is affected by a number of diseases and dis-
orders under fi eld conditions. Fusarium wilt of tomato 
caused by F. oxysporum is the most destructive disease in 
the fi eld [28]. Protection of plants from disease by induc-
tion of systemic resistance is a new approach. This is much 
less harmful to the environment as compared to deadly 

Fig. 2. Changes in total phenolic contents and Polyphenol oxidase (PPO), Phenylalanine ammonia lyase (PAL) and Per-
oxidase (PO) activity in tomato plants of different treatments. Bars represent standard error. (*) represents values signifi-
cantly different at p < 0.05 as governed by ANOVA
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 agrochemicals applied to control plant diseases. Numerous 
studies have been carried out by various scientists to prove 
biocontrol effect of bacillus strains on different crop plants. 
In a study carried out by Yan [29], induced systemic resis-
tance was observed in tomato against late blight, caused 
by Phytophthora infestans (Mont.) with B. pumilus strain 
SE34n that was incorporated into the potting medium. In 
another study, Bacillus megaterium strain 4 was found 
to be effective to control Fusarium wilt of tomato [30]. 
B. thuringiensis was used to induce systemic resistance in 
mung bean plants against root colonizing phytopathogen-
ic fungi [31]. This work was a step further for screening 
of B. thuringiensis strains capable of inducing systemic 
response. In our present study, results represented a sig-
nifi cant reduction in disease severity of tomato seedlings 
treated with B. thuringiensis strain 199. Phenolics are the 
compounds whose quantity is raised when a plant comes 
under attack by a pathogen [32, 33]. Systemic induction of 
phenolic compounds under infl uence of bacterial strains 
was fi rst reported by Van Peer et al. [34]. However, this 
alone is not reliable for indication of disease resistance in 
plant tissues [33]. In this study, a signifi cant increase in 
total phenolic contents was observed in bacterial-treated 
plants. Pathogen alone was able to induce phenolic forma-
tion in plants but with slightly increased levels.

Pathogenicity-related proteins are usually quantifi ed to 
assess the activation of defense system of plants. Plants 
treated with bacterial strain also showed an increase in 
PPO activity. PPO is a copper containing enzyme, which 
is responsible for oxidization of phenolics to highly toxic 
quinines. This enzyme is also involved in terminal oxida-
tion of diseased plant tissue, and this role of this enzyme is 
attributed in disease resistance [35].

Increase in PAL and PO activity may be due to the hy-
persensitive reaction that is often observed in many plants 
when these undercome an attack of insects pests. PAL is 
the main enzyme in phenyl propanoid pathway and fl a-
vonoid pathway [36]. Peroxidase enzyme is related with 
more than one function in plants. It is responsible for the 
condensation of phenolics into lignin [37]. This is of im-
mense importance in hypersensitive response in plants. 
Peroxidase is an integral part of PR-9 family and is re-
sponsible for lignin formation in plant defense response. 
Its increase is also observed in host pathogen interaction 
[38]. In current research work, reduction in disease sever-
ity was attributed to increased levels of PAL and PO en-
zymes. This detection of increased activity of PAL and PO 
enzymes in bacterial-treated plants proves that this differ-
ence associated with induced resistance is quantitative in-
stead of being qualitative. A similar increase in quantity of 
both of these two defense-related enzymes was observed 
in cucumber against colletotrichum fungi when systemic 
resistance was induced in it by an external agency [39].

F. oxysporum is soil-borne in nature. This can spread 
through irrigation water. This fungus invades vascular sys-
tem of a plant internally. It is better to protect the entrance 
point of this fungus in plant instead of changing the entire 
soil mycofl ora. For this purpose, some microorganisms 

can be used to induce resistance in plants for combating 
with this devastating pathogen. Host plant can also provide 
these microorganisms with food necessary for their nour-
ishment. Many researchers have reported the effi cacy of 
bacterial strains for this purpose. All these studies provide 
clue that these bacteria have positive infl uence on quanti-
ties of defense-related biochemicals in host plants. From 
this investigation, it is clear that B. thuringiensis strain 199 
can protect plant from Fusarium wilt. The only need is 
to develop its inoculum for application at fi eld level com-
mercially.
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