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Abstract
A study was carried out to screen some bacillus strains for their ability to induce systemic resistance against fusarium wilt of
tomato under both split root system and field conditions. Fourteen bacillus strains were used for initial screening of resistance
induction under split root design in green house evaluations. Increase in quantities of defense related biochemicals as total
phenolics, PO, PPO and PAL enzymes were examined to document induced systemic resistance (ISR) phenomenon in tomato
plants under influence of these bacterial inducers. Two Bacillus strains viz., B. fortis IAGS162 and B. subtilis IAGS174
provided maximum control over fusarium wilt under split root system. Calorimetric assays proved highly significant for
defense related biochemicals in tomato plants under the influence of these two bacterial strains. Talc based formulations of
these two strains were prepaired to check their efficacy under field conditions. These not only provided protection against
fusarium wilt, but also markedly enhanced growth and fruit yield of plants under field conditions. Our study clearly indicated
the importance of these microbial organisms for suppression of Fusarium wilt and growth promotion in our agriculture system.
© 2013 Friends Science Publishers
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Introduction
Like all living organisms, plants must face infections and
diseases following the attacks of a mass of plant pathogens
and pests from animal, microbial or viral origin. Plant
diseases are responsible for the loss of at least 10% of global
food production, representing a threat to food security
(Strange and Scott, 2005). Fusarium is common in both
tropical and subtropical environments and some of its
members are most destructive pathogens of several plant
species (Nelson et al., 1983; Zhang et al., 1996; Bokshi et
al., 2003). Fusarium wilt of tomato is a serious problem in
all tomato growing areas of the world.
Defense mechanisms of plant can be activated by
external stimuli before infection of a pathogen (Pieterse and
Van Loon, 1999; Stadnik, 2000). This phenomenon is called
Induced systemic resistance (ISR). Both biotic and abiotic
agents have been successfully used in ISR in plants against
pathogens (Akram and Anjum, 2011). ISR has been
successfully used for plant protection under both green
house and field conditions for longer times. Inducible
systemic resistance responses include cell wall
strengthening by deposition of lignin and callose,
production of antimicrobial compounds like phytoanticipins
and overexpression of pathogenesis related PR proteins

inside plant body (Cachinero et al., 2002; Shoresh et al.,
2010). All these events confer resistance against penetrating
pathogen and make plant safe from subsequent pathogen
attack.
Biocontrol of soil borne diseases is considered as
effective disease management strategy (Wenhua and
Hetong, 1997; Thakore, 2006; Kavino et al., 2007).
Significant reduction in disease and increase in growth of
crop plants in response to inoculation with certain bacterial
strains have been repeatedly reported (Asghar et al., 2002;
Vessey, 2003; Gray and Smith, 2005; Silva et al., 2006;
Figueiredo et al., 2008; EPA, 2011). Bacteria in the genera
Bacillus, Streptomyces, Pseudomonas, Burkholderia, and
Agrobacterium are the biological control agents
predominantly studied (Bashan, 1998; Lucy et al., 2004).
These bacterial strains can either produce antibiotics or
siderophores that leads to induction of systemic resistance
(Tenuta, 2003). According to Hallman et al, (1997),
endophytic bacteria involved in biological control show
advantages of having the same ecological niche of the
pathogen and could be protected from diverse abiotic
influences.
In the current investigation, we tested our
hypothesis that our native bacillus strains can induce
systemic resistance in tomato against Fusarium wilt disease.
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Table 1: Potential of Bacillus strains to control Fusarium
wilt in three different varieties of tomato under split root
experiment

So the present study was aimed on screening different native
bacillus strains for their ability to indue resistance in tomato
against fusarium wilt disease and elucidation of mechanism
behind induced resistance. This was the first study carried
out by using our native Bacillus strains under both split root
system and field conditions to induce resistance against
Fusarium wilt of tomato.

Treatments
Inducer Side

Efficacy of Bacillus Strains against Fusarium Wilt under
Split Root System
Fourteen Bacillus strains belonging to four species were
obtained from bacterial conservatories of Institute of
Agricultural Sciences and Department of Microbiology and
Molecular Genetics, University of the Punjab, Lahore,
Pakistan. These strains were mostly rhizospheric in nature
whise, details are provided in Table 1. Bacterial inoculum
was prepared by growing in Luria Broth (LB) medium.
Media containing bacterial growth was centrifuged and
pellet was resuspended in sterile distilled water to obtain the
final bacterial concentration of 104 cfu/mL by taking OD of
0.1 at 600nm. Virulent strain of F. oxysporum f.sp.
lycopersici (Fol) was obtained from Fungal Biotechnology
Lab at the University of the Punjab, Pakistan. Pathogen
inoculum was prepared by harvesting both micro- and
macro-conidia from seven days old cultures grown on sterile
PDA media at concentration of 1 x 103 conidia/mL, by
haemocytometer.
Tomato seedlings of vaerity „Rio Grand‟ were raised
in sterilized sandy loamy soil. Green house evaluations were
carried under split root design. For that purpose, roots of 30
days old tomato seedlings were splited into two halves and
single seedling was tranfered in two combined pots (Fig. 1).
In each treatment, inducer side was provided with 50 mL of
bacterial inoculum and responder side got 50 mL of
pathogen inoculum. For pathogen control, inducer side got
distilled sterelized water and responder side got pathogen
inoculum. Untreated control got distilled sterilized water on
both sides. Pots were kept in green house for incubation.
Disease index and control effects were analyzed after 30
days of inoculation. To sort out disease index, first severity
of wilt was determined using a rating scale of 0~4 on the
basis of root discoloration or leaf yellowing: 0: no root
discoloration or leaf yellowing; 1: 1~25% root discoloration
or one leaf yellowed; 2: 26~50% root discoloration or more
than one leaf yellowed; 3: 51~75% root discoloration plus
one leaf wilted; 4: up to 76% root discoloration or
completely dead plants (Epp. 1987). Disease index and
biocontrol effect were calculated according to the method of
Li et al. (2008).
∑(Grade of disease severity±diseased plants of this grade)

Total plants assed X Highest grade of disease severity

Control
Effect (%)

B. fortis IAGS 324
Fol
20.01±2.31c-e 26.73±3.83e
B. fortis IAGS 223
Fol
23.34±1.58bc 14.53±1.53f
B. fortis IAGS 162
Fol
14.83±3.05g
52.37±4.64a
B. thuringiensisIAGS 199 Fol
19.16±2.86d-f 30.21±2.10de
B. thuringiensisIAGS 002 Fol
18.00±2.60ef
32.42±2.91cd
B. subtilis MCR7
Fol
24.17±3.46bc 11.46±2.93fg
B. subtilis IAGS 170
Fol
18.16±0.96ef
33.37±2.73cd
B. subtilis IAGS174
Fol
16.82±2.26f
48.14±3.37bc
B. subtilis FBL10
Fol
26.30±3.43b
03.68±0.57h
B. megaterium ZMR-4
Fol
23.67±1.75b-d 13.32±1.53f
B. megaterium ZMR-6
Fol
19.34±3.67d-f 30.15±2.44de
B. megaterium ZMR-3
Fol
23.41±2.26b-d 14.23±2.72f
B. megaterium MCR-8
Fol
17.41±3.92ef
36.51±3.62bc
B. megaterium OSR-3
Fol
26.34±1.08b
06.84±1.05gh
Water
Fol
57.31±4.23a
water
water
Mean ± standard deviation. Values with same letter differ non-significantly
(P>0.05) as governed by ANOVA and DNMRT. UC=Untreated Control.
PC=Pathogen Control. Fol=F. oxysporum f. sp. Lycopersici

Materials and Methods

Disease index (%) =

Disease
Responder Index (%)
Side

Fig. 1: Split Root Design
Elucidation of Biochemicals Basis of ISR

X100

Biocontrol effect (%) = (Disease index of pathogen control- diseased index of bacterial control) X 100
Disease index of pathogen control
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Quantifications of defense related biochemicals were
performed at regular intervals of five days from the day of
inoculation to final harvest and their mean values were used
for comparison. For that purpose, root samples were taken
from responde sides of the tomato plants for each treatment
and total phenolics, peroxidase (PO), polyphenoloxidase
(PPO) and phenyl ammonia lyase (PAL) were quantified by
following methods.
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Quantifications of total phenolics: One gram plant
material was extracted with 10 mL of 80% methanol at
70oC for 15 min. Reaction mixture was containing 1 mL of
methanolic extracts and 5 mL of distilled sterilized water
250 μL of Folin-Ciocalteau reagent (1 N). This solution was
kept at 25oC. The absorbance of the developed blue color
was measured using a spectrophotometer at 725 nm. Gallic
acid was used as standard. The amount of total phenolics
was expressed on gallic acid equivalent basis (Zieslin and
Ben-Zaken, 1993).
Quantifications of PO, PPO and PAL activity: One gram
of plant material 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 PO, PPO
and PAL activities.
Method of Fu and Huang (2001) was used to estimate
the PO 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 reagent. The
reaction was started by the addition of 0.02 mL of 40 mM
hydrogen peroxide to the mixture. Rate of increase in
absorbance at 470 nm was measured over 1 min. PPO
activity was determined according to method proposed by
Mayer et al. (1965). 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.
PAL activity was determined according to method of
Burrell and Rees (1974). 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 37oC for 1 h and 0.5 mL
of 1 M trichloroacetic acid was added. The amount of transcinnamic acid formed from L-phenylalanine was measured
spectrophotometerically at 290 nm.

the Punjab, Lahore Pakistan. Randomized split plot design
was used for field experiments with three replicates per
treatment. Main plots were further divided into subplots of
2×3 m2. Tomato seedlings were raised in sterilized potting
media as described in previous section. Fol inoculum was
developed on sweet sorghum grains and applied in allotted
subplots at rate of 100 g/plot and left for two weeks for
establishment of pathogen. Tomat oseedlings were primed
with talc based bacterial formulations and transferred in
field. Details of treatments are provided in Table 4. Data
regarding disease index, and control effect was noted after
60 days of transplantations as described prevously. Plant
height and fruit yield was also noted at final harvest to
observe grown promoting capabilitis of our selected strains.
Statistical Analysis
All the results were analyzed by performing ANOVA and
DNMRT (Steel and Torrie 1980) with the help of computer
aided program “DSASTAT”.

Results
Efficacy of Bacillus Strains against Fusarium Wilt under
Split Root System
The purpose of this experiment was to screen bacterial strain
capable of inducing systemic resistance in tomato plants
against fusarium wilt using split root experiment, which
tried to avoid direct antagonism between pathogen and
bacterial strains. During incubation period in greenhouse,
symptoms first appeared as mild temporary wilting then
effecting whole plant. In case of bacterial treated plants
along with pathogen, delay in symptoms appearance was
observed as compared to pathogen control plants. Some of
our bacterial strains significantly controlled fusarium wilt
disease as compared to pathogen control. Conspicuously,
disease severity and control effect index (Table 1)
represented that B. fortis IAGS162 (T3) and B. subtilis
IAGS174 (T8) performed batter in this regard with
minimum disease index of (Fig. 2). These two strains
provided maximum protection against fusarium wilt and
were used for field evaluations.

Development of Talc Based Inoculum
Two best performing strains were selected for field
evaluations. Their inoculum was prepared on sterilized Talc
for application under field conditions. Three types talc
formulations were prepaired viz. Both bacterial strains were
grown in LB broth media separately. After overnight growth
at 35oC, bacterial cells were collected by centrifugation at
4000 rpm for 15 min. Bacterial cell pellets were
resuspended in sterilized distilled water at concentrations
of 104 cfu/mL. Fifty mL of this bacterial inoculum was
mixed in 100 gram of sterilized talc. Formulation in which
both bacterial strains were added, 25 mL inoculum of each
strain was taken and mixed with 100 gram of sterilized talc.

Elucidation of Biochemical Basis of Defense Induction
Presence of bacillus strains induced tomato plants for
significantly (P>0.05) higher production levels of phenolics,
PO, PPO and PAL as compared to pathogen alone and
untreated controls (Table 2). B. fortis IAGS162 (T3) and B.
subtilis IAGS174 (T8) increased phenolics quantities up to
67.15 and 55.47% as compared to untreated control (Table
2). In the same way, an increase of 56.70, 41.56 and 57.57%
was recorder in PO, PPO and PAL activities under influence
of B. subtilis IAGS174 (T8) compared to untreated control.
Such differences (P>0.05) in quantities of total phenolics,

Field Experiment
Field experiment was performed twice in years of 2011 and
2012 in tomato growing season in Agriculture Research
Station of Institute of Agricultural Sciences, University of
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Table 2: Effect of bacterial inducers on elicitation of defense related biochemicals in tomato plants under split root system
Treatments
Inducer Side
Responder side
B. fortis IAGS 324
Fol
B. fortis IAGS 223
Fol
B. fortis IAGS 162
Fol
B. thuringiensisIAGS 199 Fol
B. thuringiensisIAGS 002 Fol
B. subtilis MCR7
Fol
B. subtilis IAGS 170
Fol
B. subtilis IAGS174
Fol
B. subtilis FBL10
Fol
B. megaterium ZMR-4
Fol
B. megaterium ZMR-6
Fol
B. megaterium ZMR-3
Fol
B. megaterium MCR-8
Fol
B. megaterium OSR-3
Fol
Water
Fol
water
water

Phenolics
(µg/h/gfw)
1.86±0.07d-f
1.61±0.06f-h
2.29±0.09b
1.92±0.10c-e
2.03±0.08cd
1.83±0.09d-f
1.77±0.11e-g
2.13±0.09c
1.89±0.08d-f
1.90±0.12c-e
2.36±0.09b
1.93±0.08c-e
2.08±0.15cd
1.70±1.05e-g
1.54±1.05gh
1.37±1.05h

% IOUC
35.76±4.25fg
17.51±2.67j
67.15±4.28b
40.14±3.92e
48.17±2.36ef
33.57±3.91gh
29.19±2.42h
55.47±4.52c
37.95±2.63ef
38.68±3.82ef
72.26±6.53a
40.87±2.24e
51.82±3.50cd
24.08±1.05i
12.40±1.05k
-

PO Activity
( µg/h/gfw)
1.33±0.08cd
1.17±0.15e-g
1.45±0.09b
1.29±0.13d
1.34±0.67cd
1.29±0.18d
1.16±0.07e-g
1.52±0.12a
1.12±0.19g
1.23±0.07d-f
1.14±0.13fg
1.23±0.06d-f
1.16±0.08e-g
1.38±1.05bc
1.13±1.05fg
0.97±0.08h

% I OUC
37.11±2.53d
20.61±1.19g
49.48±3.82b
32.98±2.51e
41.23±2.43c
32.98±2.18e
19.98±1.08gh
56.70±3.44a
15.46±1.47h
26.80±1.92f
17.52±1.50gh
26.80±2.83f
19.58±3.49gh
42.26±1.05c
16.49±1.05gh
-

PPO Activity
( µg/h/gfw)
6.07±0.59bc
5.89±0.61e-g
7.31±0.88a
5.69±0.37f-i
6.17±0.70d-f
5.86(±0.62e-g
5.99±0.82fg
7.29±0.72ab
5.26±0.61hi
6.10±0.32d-g
6.62±0.53cd
6.73±0.72bc
5.23±0.60i
6.30±0.95c-e
5.51±0.24g-i
4.26±0.34j

% I OUC

PAL Activity
( µg/h/gfw)
42.48±3.07c-e 2.23±0.64bc
27.67±1.52f
2.07±0.39bc
71.59±9.21a
3.27±0.51a
25.13±3.43f
2.33±0.08b
44.83±2.30cd 2.85±0.13ab
37.55±4.48e
2.13±0.42bc
40.16±5.69de 2.01±0.71bc
41.56±3.55c-e 3.12±0.36a
19.01±2.27g
2.26±0.41b
30.16±3.27f
2.98±0.76ab
46.94±2.82c
3.01±0.11a
57.98±4.67b
2.88±0.28a
18.54±2.07g
2.12±0.94bc
47.88±5.36c
2.10±0.26bc
29.34±2.75f
2.06±0.17bc
1.98±0.06cd

% I OUC
16.16±2.46e
04.54±0.82fg
65.15±7.39a
12.62±2.03e
43.93±6.53d
07.57±1.04f
01.51±0.13g
57.57±4.63b
14.14±2.21e
50.42±3.58c
50.20±2.68c
45.42±3.05d
07.05±1.14f
06.31±1.26f
04.75±0.85fg
-

Mean ± standard deviation. Values with same letter differ non-significantly (P>0.05) as governed by ANOVA and DNMRT. UC=Untreated Control.
PC=Pathogen Control. IOUC=Increase over untreated control

Table 3: Potential of selected bacillus strains on fusarium
wilt management under field conditions

Discussion
This study showed that our native bacillus strains have
potential benefits in practical agriculture. Numerous reports
show that beneficial microbes can protect plants against a
wide range of disease (Raaijmakers et al., 1995; Latha et al.,
2009). Bacterial inducers remain restricted up to root system
of the plant. But the phenomenon of ISR is because of
lipopeptides of the surfactin and fengyci, that play the role
of elicitor for activation of pant defense system (Ongena et
al., 2007; Jourdan et al., 2009). Bacterial inducers
comprised variable degree of disease controlling
phenomenon in our current investigation. This can be
attributed the differences that might result from the different
origins of each isolate (Raaijmakers et al., 1995; MercadoBlanco and Bakker, 2007). In our split root investigations,
B. fortis IAGS162 and B. subtilis IAGS174 showed better
suppression of disease as compared to other bacilli strains.
Efficacy of bacillus genera to control other plant diseases
has also been documented against several other plant
diseases. B. subtilis proved effective to control B. cinerea on
grapes (Magnin-Robert et al., 2007; Trotel-Aziz et al.,
2008).
Under field conditions, combination of these two
microbes provided better level of protection against
fusarium wilt disease. Some researchers showed that
combination of bacterial strains provided better protection
against diseases. In a research, mixture of bacterial inducers
provided ISR against a cucumber leaf spot disease (Raupach
and Kloepper, 2000). It is suggested that use of bacterial
inducers in combination display increased defense related
biochemicals inside plant body (Raupach and Kloepper,
2000; Jetiyanon and Kloepper, 2002). It is also proposed
that use of combination of bacterial inducers can provide
protection against a wide range of pathogens to plants.
Considering the spatial separation of applied bacteria
at the root level, the disease protection by bacteria results

Treatments

Experiment 1
Experiment 2
Disease index Control effect Disease index Control effect
(%)
(%)
(%)
(%)
BS
37.86±4.23c 58.07±5.42b 28.81±7.43bc 62.34±5.80b
BF
46.29±5.77b 47.29±4.63c 31.11±3.29b
64.08±7.43b
BS±BF
23.87±3.92d 68.15±8.61a 19.57±2.41d
76.87±11.81a
PC
83.67±8.61a ND
75.93±09.51a ND
UC
ND
ND
ND
ND
Mean ± standard deviation. Values with same letter differ non-significantly
(P>0.05) as governed by ANOVA and DNMRT. BS=B. subtilis IAGS174.
BF=B. fortis IAGS 162. UC=Untreated Control. PC=Pathogen Control

PO, PPO and PAL were observed for B. fortis IAGS162
(T3) when comparisons were made between control
treatments (Table 2).
Field Experiment
Like split root experiment, our bacterial inducers provided
promising protection against fusarium wilt under field
conditions. Treatments in which we used combination of
strains provided excellent protection against fusarium wilt.
This treatment provided biocontrol effect of more than 60%
in both field experiments (Table 3).
Along with protection agiainst Fusarium wilt, our
bacterial inducers also promoted growth and yield of
tomato plants under field conditions (Table 4). Tomato
seedlings that were primed with bacterial inducers,
provided significantly (P>0.05) higher plant height and
biomasses as compared to untreated control plots.
Treatments in which both straisn were applied, promoted
height of plant upto 37 and 28% in experiment I and II,
respectively. Samely, yield of tomato plants was positively
influenced by bacterial inducers at significant levels (Table
4). These data provide strong evidence in favor of our
bacterial inducers under field conditions.
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Table 4: Effect of bacillus strains on plant growth parameters under field conditions
Treatment

Experiment 1
Experiment 2
Plant Height
Total Biomass (g)
Number of
Plant Height Total Biomass (g)
Number of
(cm)
Fresh
Dry
Fruits
(cm)
Fresh
Dry
Fruits
BS
33.27±2.16b
113.29±16.73bc
13.90±04.13ab
15.18±3.96bc
38.07±5.14b 127.29±15.50b 21.38±4.71b 14.11±3.17c
BF
30.38±4.29bc 102.55±11.25c-e 10.74±02.82b-d
17.73±2.72b
35.36±4.18bc 112.55±19.72c 16.97±2.98c 11.53±2.25cd
BS±BF
38.92±5.14a
123.94±13.52ab
15.03±02.36a
23.43±4.80a
41.26±3.26ab 159.49±17.53a 26.72±5.31a 21.37±4.30a
PC
18.27±3.36e
51.29±08.61g
06.75±01.17de
07.06±1.18d
21.07±3.52e 66.92±07.58d
09.73±3.76e 04.42±1.06e
UC
27.64±3.04cd 94.26±07.43ef
08.96±02.25cd
16.65±3.95b
32.93±5.24cd 123.26±22.48b 14.19±1.58cd 17.61±2.16bc
Mean ± standard deviation. Values with same letter differ non-significantly (P>0.05) as governed by ANOVA and DNMRT. BS=B. subtilis IAGS174.
BF=B. fortis IAGS 162. UC=Untreated Control. PC=Pathogen Control

from an ISR in plants (Magnin-Robert et al., 2007). Bacillus
strains can induce resistance against a number of diseases in
field crops (Akram and Anjum, 2011). Previously, mostly
researchers have performed ISR experiments in single pot
system but we applied split root system in our initial
screening that confirms ISR phenomenon and negated
chances of direct antagonism. Bacterial organisms have the
potential to elicit ISR in plants. This activated defense
system of plant then responds very quickly against fungal
pathogens by producing fungitoxic environment in plants
(Morsy et al., 2009). This concept is entirely in accordance
with our present investigation.
Phenolics in plants have numerous functions as
stability of structures, protection form herbivory and
biocidal effect against fungal and bacterial plant pathogens
(Heldt, 1997). As we observed increased activities of total
phenolics in plants with lesser disease severity, that were
under influence of our bacterial inducers. In the same way,
resistance in plants is accompanied by increased activities of
enzymes involved in phenylpropenoid pathway viz: PO,
PPO and PAL (Trotel-Aziz et al., 2008; Jourdan et al.,
2009; Radjacommare et al., 2010; Akram and Anjum,
2011). PO, PPO and PAL play role in production of
quinones and some other phytoalexins in plants that destroy
pectolytic enzymes produced by pathogens (Li and Stiffens,
2002; Kavino et al 2008). These enzymes are also
associated with induced resistance in plants by production
of defense barriers in plants as lignin and reactive oxygen
species (Van Loon, 1999). We also recorded high levels of
these enzymes in tomato plants that surpass Fol attack in
response to induced resistance by some bacterial strains.
In parallel with disease suppression, plant growth
promotion is also observed under influence of bacterial
inducers in many plants (Adhikari et al., 2001; Bacon and
Hinton, 2002; Nihorimbere et al., 2010). These inducers
play dual role of induced resistance along with growth
promotion. This beneficial effect of bacillus strains on plant
development is because of diverse mechanism (Gupta et al.,
2000; Ping and Boland, 2004; Berg, 2009). As we observed
in current investigation, growth was significantly increased
in bacterial treated plants under field conditions. Growth is
stimulated under the influence of bacillus strains because of
production of hormones like compounds as auxins and
cytokinins. These bacterial organisms improve nutrients
acquisition by plants either by nitrogen fixation or by

solubilization
of
phosphorus,
iron
and
other
oligoelements (Ryu et al., 2003). Seemingly increasing
fruit was observed set when experiment was performed
under field conditions.
In conclusion this work illustrates the effectiveness of
bacillus strains to induce systemic resistance and growth
promotion in tomato plants under both greenhouse and field
conditions. Based on the results of our studies, inoculum of
these strains can be provided commercially to local farmers
for dual benefits. This study provides a cheap and
environmental friendly solution for management of this
nasty pathogen in our fields.
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