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Reduced Tomato Bacterial Wilt by Ferrous Chloride Application
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Exogenous ferrous chloride (FeCl,) suppressed in vitro growth of Ralstonia pseudosolanacearum, causing
bacteria for tomato bacterial wilt. More than 50 uM of FeCl, reduced the in vitro bacterial growth in dose-
dependent manners. Two to 200 uM of FeCl, did not affect the fresh weight of detached tomato leaves at
3 and 5 days after the petiole dipping without the bacterial inoculation. The bacterial wilt of the detached
tomato leaves was evaluated by inoculating two different inoculum densities of R. pseudosolanacearum (10°
and 107 cfu/ml) in the presence of FeCl,. Bacterial wilt in the detached leaves by 10° cfu/ml was efficiently
attenuated by 10-200 uM of FeCl, at 3 and 5 days post-inoculation (dpi), but bacterial wilt by 10 cfu/ml was
only reduced by 200 uM of FeCl, at 3 and 5 dpi. These results suggest that iron nutrients can be included in
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the integrated disease management of tomato bacterial wilt.
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Bacterial wilt of tomato plants has been known as a devas-
tating soil-borne disease caused by Ralstonia solanacearum
species complex, and this bacterium invades roots and
colonises vascular tissues of a broad range of economically
important crops, including peanut, potato and geranium
(Choi et al,, 2022; Muthoni et al., 2014; Swanson et al., 2005).
Chemical and biological controls have been suggested for
managing the tomato bacterial wilt. The tomato bacterial
wilt was efficiently reduced by various chemical treatments:
copper-associated pesticides, streptomycin-validamycin
A antibiotics mixture, combined hydrogen peroxide-nitric
oxide, plant essential oils such as clove oil and palmarosa oil
(Hong et al, 2013; Lee et al., 2012; Pradhanang et al., 2003).
Bacterial and fungal species originating from a diverse plant
rhizosphere also ameliorated bacterial wilt by enhancing
plant immunity in tomato plants (Jogaiah et al., 2013; Kura-
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bachew and Wydra, 2013; Tan et al,, 2013). However, it is still
necessary to investigate how to integrate different control-
ling methods into eco-friendly pest management programs
during tomato production.

Changes in plant nutrient conditions have affected the dis-
ease severities of various crops such as tomato plants (Dor-
das, 2008; Tripathi et al,, 2022). Foliar application of potas-
sium nitrate (KNOs) reduced lesion size on Alternaria solani-
inoculated tomato leaves (Blachinski et al., 1996). However,
increasing nitrate and ammonium nitrogen nutrition led to
increased disease susceptibility of tomato plants to bacterial
speck and bacterial wilt caused by Pseudomonas syringae pv.
tomato and R. solanacearum, respectively (Ding et al., 2021).
Interestingly, ammonium-nitrogen increased tomato crown
and root rot by Fusarium oxysporum f. sp. radicis-lycopersici
infection, whilst nitrate-nitrogen ameliorated the disease
severity (Duffy and Défago, 1999). CaCl, supplement in nutri-
ent solution decreased disease severity of bacterial canker by
Clavibacter michiganense subsp. michiganense and bacterial
wilt by R. solanacearum in tomato plants (Berry et al., 1988;
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Yamazaki and Hoshina, 1995). Enhanced plant immunity,
such as elevated H,0, levels and increased peroxidase and
polyphenol oxidase activities, was involved in the CaCl,-
mediated suppression of tomato bacterial wilt (Jiang et al.,
2013). Micronutrients such as boron, manganese and zinc
could also altered disease development of several tomato
plants. Boron levels in the nutrient solution was negatively
correlated with tomato bacterial wilt severity (Jiang et al.,
2016). Increased MnSO, concentration in the nutrient solu-
tion reduced tomato black leaf mold caused by Pseudocerco-
spora fuligena (Heine et al.,, 2011). Powdery mildew of tomato
plants by a natural inoculation was suppressed by foliar
spraying manganese (Mn-EDTA) and zinc (Zn-EDTA), each
alone or in combination (Bakeer et al,, 2012). Early blight in
tomato plants inoculated with Alternaria solani was amelio-
rated by ZnSO, supplement (Awan et al,, 2019). Interestingly,
zinc (Zn-EDTA)-amended hydroponic nutrient solution alone
could not reduce tomato Fusarium crown and root rot by
F. oxysporum f. sp. radicis-lycopersici, but the zinc improved
biocontrol activity by Pseudomonas fluorescens (Duffy and
Défago, 1997). Micronutrient iron also has could alter disease
severity in tomato plants. Foliar spraying Fe-EDTA reduced
powdery mildew of tomato plants (Bakeer et al., 2012).
Limited iron supplement in the hydroponic cultures acceler-
ated wilting of a resistant tomato cultivar against Verticillium
dahlia infection, indicating the critical role of iron in plant
immunity (Macur et al., 1991). However, information on the
micronutrients including iron for bacterial disease manage-
ment was hardly discovered in tomato plants.

In this study, the effect of exogenous iron (FeCl,) on in vitro
growth of R. pseudosolanacearum and on bacterial wilt pro-
gression in detached tomato leaves were investigated.

R. pseudosolanacearum strain GMI1000 (formerly known
as R. solanacearum GMI1000), causing tomato bacterial wilt,
was isolated from tomato plants in French Guiana in 1978
(Deberdt et al.,, 2014; Tano et al., 2021). The bacterial strain
was cultured in 4 ml of casamino acid-peptone-glucose (CPG)
liquid medium in a 15-ml conical tube at 30°C overnight
(Hong et al., 2016). The bacterial culture was centrifuged,
and the bacterial pellet was resuspended with sterile water
to adjust 0.15 at 600 nm using a spectrophotometer for a
bacterial suspension (10° cfu/ml) (Hong et al,, 2013). Different
concentrations (5, 10, 20, 50, 100, 200, and 500 uM) of FeCl,
were added to 4 ml of the CPG broth in 15-ml conical tubes.
The bacteria (10° cfu/ml) were initially inoculated in the CPG

broth supplemented with the FeCl,, and cultured at 30°C
with shaking until the OD value was reached 0.25+0.02 in
the mock-treated control culture. Relative bacterial growths
by FeCl, treatments were expressed as percentage (%) com-
pared to the mock-treated control culture. Independent ex-
periments were performed four times, and each experiment
contained four biological replicates. In vitro bacterial popu-
lation was investigated after the liquid culture of R. pseu-
dosolanacearum GMI1000 (Rp-GMI1000) in the absence or
presence of FeCl, (Fig. 1A). Increasing concentrations of FeCl,
suppressed the in vitro bacterial growth in dose-dependent
manners. Fifty uM of FeCl, began to reduce the bacterial
growth (ca. 85.7%) compared to the mock-treated cultures,
and the higher FeCl, concentrations 100 and 200 uM more
inhibited the bacterial growth to ca. 80.5 and 71.3%, respec-
tively. Iron-reduced mycelial growth of the phytopathogenic
fungi was shown, indicating the in vitro antifungal activity of
exogenous iron. The mycelium dry weight of F. oxysporum
were significantly reduced by more than 200 ug/ml of FeCl,
(Hashem, 1995). Mycelial growth of six fungal species infect-
ing grapevine, Botrytis cinerea, Eutypa lata, Phaeomoniella
chlamydospora, Phaeoacremonium aleophilum, Diplodia
seriata, and Neofusicoccum parvum, decreased on the media
supplemented with FeSO, (5 mM) (Fleurat-Lessard et al.,
2011). However, direct antibacterial activity of iron has rarely
demonstrated against phytopathogenic bacteria including
R. pseudosolanacearum. Treatment with 50-200 uM of FeCl,
concentrations may suppress R. pseudosolanacearum by di-
rect contact with the bacteria in this study, and it can be ap-
plied in the hydroponic cultures for many crops vulnerable
to bacterial wilt. Both elevated bacterial inoculum levels and
mechanical injury were involved in the increased bacterial
wilt of tomato plants (Singh et al., 2014). The efficiency of the
antimicrobial activity of FeCl, against the increasing bacte-
rial population of R. pseudosolanacearum more than 10° cfu/
ml should be evaluated in a further study because 50-200
uM of FeCl, in our current study limited the only bacterial
numbers initially inoculated with 10° cfu/ml as an inoculum
density.

Tomato seeds (cv. Cupirang) were sown in pots contain-
ing commercial soil mixtures and grown in a walk-in plant
growth room under environmental conditions previously
described in our study (Hong et al., 2018b). Third true leaves
in the five-week-old plants were detached and used for
chemical treatments and bacterial inoculation (Jo et al.,
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Fig. 1. Effect of iron on bacterial growth of Ralstonia pseudosola-
nacearum strain GMI1000 (Rp-GMI1000) and plant growth of de-
tached tomato leaves. (A) Iron dose-dependent suppression of the
in vitro bacterial growth. The bacterial suspension was initially pre-
pared to the concentration of 10° cfu/ml in the liquid media sup-
plemented with increasing doses (0, 2, 5, 10, 20, 50, 100, and 200
uM) of FeCl, and shaking cultured at 30°C. The bacterial number
was indirectly measured using a spectrophotometer with an opti-
cal density at 600 nm. Relative bacterial growth in the FeCl,-treated
cultures was expressed as a percentage (%) compared to that in
mock-treated cultures. (B) Phenotypes of the detached tomato
leaves treated with different concentrations of FeCl; (0, 2, 5, 10, 20,
50, 100, and 200 pM). Photos were taken at 3 and 5 days after peti-
ole dipping in the different concentrations of FeCl,. (C) Relative
fresh weight (%) of detached tomato leaves treated with different
concentrations of FeCl, after the petiole dipping at 3 and 5 days.
Error bars represent standard errors of means of four independent
experimental replications. Each experiment contained four bio-
logical replicates. Means with the same letter above the bars are
not significantly different at the 5% level by the least significant
difference tests.

2020). We investigated phenotypic changes of the detached
tomato leaves by dipping the petioles in the different con-

centrations of FeCl, solutions because the excess iron in the
ambient environment can lead to toxicity in diverse plant
species (Ahammed et al., 2020; Li et al., 2016; Turhadi et al.,
2019). Different concentrations (5, 10, 20, 50, 100, and 200
uM) of FeCl, were prepared in distilled water. Distilled water
was used as a mock treatment. The petiole of the detached
tomato leaves was dipped in 10 ml of each solution in 50-
ml conical tube. Fresh weight (FW) of the detached tomato
leaves was measured before the petiole dipping in the FeCl,
solutions and then further measured at 3 and 5 days after the
petiole dipping. Relative FW (%) of the FeCl,-treated leaves
was expressed as a percentage compared to untreated
leaves before the petiole dipping. Independent experiments
were performed four times, and each experiment contained
four biological replicates. Effects of FeCl, applications on
FW of the detached tomato leaves were investigated in the
absence of the bacterial population (Fig. 1B, C). The distinct
phenotypic change was not observed in the detached toma-
to leaves treated with increasing concentrations (2-200 M)
of FeCl, at 3 and 5 days after petiole dipping, as shown in Fig.
1B. FW were investigated in the detached leaves at 3 and 5
d after petiole dipping (Fig. 1C). FW of the detached leaves
were not different by the different concentrations of FeCl,
treatment at 3 and 5 days. These indicate that 2-200 pM of
FeCl, directly transported into the detached leaves through
petioles did not cause a phytotoxic effect. Metal stresses to
plants can depend on plant organs and growth stages (John
et al., 2009; Souri et al,, 2019). Therefore, we cannot exclude
the possibility that treatment with FeCl, (2-200 puM) in soil
or hydroponic cultures can lead to damage in tomato roots.
The FeCl, concentrations can be re-adjusted to apply to the
soil or hydroponic cultures of different growth stages of to-
mato plants.

Petioles of the detached tomato leaves were placed in
the 10-ml solutions of different FeCl, concentrations and in-
oculated by bacterial suspension of R. pseudosolanacearum
to make 10°> and 10’ cfu/ml as inoculum densities as de-
scribed in our previous studies (Hong et al.,, 2013, 2018a).
The bacterial wilt was evaluated by measuring the FW of the
detached tomato leaves at 3 and 5 days after the bacterial
inoculation. The FW of the detached tomato leaves at 3 and
5 dpi was compared to that of the leaves prior to the petiole
dipping. Wilting symptoms of the detached leaves inocu-
lated by the two inoculum densities (10° and 10 cfu/ml) of
Rp-GMI1000 with or without FeCl, treatments were dem-
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Fig. 2. Effects of iron treatment on bacterial wilt disease of de-
tached tomato leaves. Relative fresh weight of detached tomato
leaves inoculated with two different Ralstonia pseudosolanacearum
doses (10° and 107 cfu/ml) in the absence or presence of FeCl, (10,
20,50, 100, and 200 uM) was measured at 3 and 5 days post-inocu-
lation (dpi). Error bars represent standard errors of means of three
independent experimental replications. Each experiment con-
tained four biological replicates. Means with the same letter above
the bars are not significantly different at the 5% level by the least
significant difference tests.

onstrated as relative fresh weights (%) (Fig. 2). Independent
experiments were performed three times, and each expeti-
ment contained four biological replicates. Treatment with
FeCl, ameliorated the bacterial wilt of the detached leaves,
and the reduced bacterial wilt was FeCl, concentration- and
the bacterium inoculum density-dependent. By the low in-
oculum density (10° cfu/ml), the reduced bacterial wilt was
found in the leaves treated with more than 2 uM of FeCl, at
3 dpi. The bacterial wilt suppression was more evident in
the leaves treated with 100 and 200 uM of FeCl, compared
to the mock-treated control at 3 dpi. The detached leaves
in the mock-treated control were more wilted at 5 dpi
compared to 3 dpi. Increasing FeCl, also reduced bacterial
wilt at 5 dpi. The bacterial wilt was also suppressed in the
leaves inoculated by the high inoculum density (107 cfu/ml)
treated with different concentrations of FeCl,. In vitro anti-
bacterial activity was shown by more than 50 uM of FeCl, in
this study, but the disease reduction in the detached leaves
inoculated by Rp-GMI1000 (10° cfu/ml) could be achieved

by 10-20 uM of FeCl,. It suggests that suppressed bacterial
wilt of the detached tomato leaves treated with FeCl, can
be mediated by enhanced plant immunity together with di-
rect antibacterial activity. Iron homeostasis has been closely
associated with activating defences in several plants under
pathogen threats, such as wheat leaves inoculated with Blu-
meria graminis f. sp. tritici (Aznar et al,, 2015; Liu et al., 2007).
Interestingly, iron homeostasis was important to regulate
production of reactive oxygen species (ROS) in plant root
development and leaf cell death (Reyt et al., 2015; Tewari et
al,, 2013). In our study, accumulation of ROS and lipid per-
oxidation were found in the petiole tissues of leaves inocu-
lated by Rp-GMI1000 (Hong et al.,, 2013). Tomato leaf tissues
directly syringe-infiltrated with R. solanacearum showed
increased hydrogen peroxide generation in the bacterial
dose-dependent manner (Flores-Cruz and Allen, 2009).
Recently, hydrogen peroxide production and lipid peroxida-
tion in the R. solanacearum-inoculated tomato leaves were
significantly ameliorated during the silica nanoparticles-me-
diated disease control of tomato bacterial wilt (Wang et al,,
2022). But hydrogen peroxide production in tomato leaves
during the early phase of bacterial wilt was faster in high
boron-treated protected plants (Jiang et al., 2016). The in-
volvement of exogenous FeCl, in redox regulation remains
elucidated for understanding iron-mediated management
of tomato bacterial wilt disease.

In conclusion, FeCl, of more than 50 uM showed antibac-
terial activity against R. pseudosolanacearum. No adverse
effect was found in the detached tomato leaves treated
with FeCl,. The bacterial wilt of the detached tomato leaves
was ameliorated by the FeCl, application, and disease con-
trol efficacy was dependent on the FeCl, concentration and
bacterial inoculum density. Introducing microelement iron
in tomato production fields can provide protection for to-
mato plants against bacterial wilt. Efficient FeCl, application
methods should be further evaluated in different growth
stages of tomato plants in greenhouses for stable fruit pro-
duction.

Conflicts of Interest

Jeum Kyu Hong, the editor-in-chief of the Research in
Plant Disease, was not involved in the editorial evaluation or
decision to publish this article. All remaining authors have
declared no conflicts of interest.



86 Research in Plant Disease Vol. 29 No. 1

References

Ahammed, G. J,, Wu, M., Wang, Y., Yan, Y., Mao, Q. Ren, J. et al. 2020.
Melatonin alleviates iron stress by improving iron homeostasis,
antioxidant defense and secondary metabolism in cucumber.
Sci. Hortic. 265: 109205.

Awan, Z. A, Shoaib, A. and Khan, K. A. 2019. Crosstalk of Zn in com-
bination with other fertilizers underpins interactive effects and
induces resistance in tomato plant against early blight disease.
Plant Pathol. J. 35: 330-340.

Aznar, A, Chen, N.W. G,, Thomine, S. and Dellagi, A. 2015. Immunity
to plant pathogens and iron homeostasis. Plant Sci. 240: 90-97.

Bakeer, A. R. T,, Abdel-Latef, M. A. E., Afifi, M. A. and Barakat, M. E.
2012. Application of microelements and sodium and potassium
salts on tomato plants and their role in suppressing powdery
mildew disease. World Res. J. Plant Pathol. 1: 1-10.

Berry, S. Z., Madumadu, G. G. and Uddin, M. R. 1988. Effect of cal-
cium and nitrogen nutrition on bacterial canker disease of to-
mato. Plant Soil 112: 113-120.

Blachinski, D., Shtienberg, D., Dinoor, A., Kafkafi, U., Sujkowski, L. S.,
Zitter, T. A. et al. 1996. Influence of foliar application of nitrogen
and potassium on Alternaria diseases in potato, tomato and
cotton. Phytoparasitica 24: 281-292.

Choi, S. Y., Kim, N. G., Kim, S.-M. and Lee, B. C. 2022. First report of
bacterial wilt by Ralstonia pseudosolanacearum on peanut in
Korea. Res. Plant Dis. 28: 54-56. (In Korean)

Deberdt, P, Guyot, J., Coranson-Beaudu, R., Launay, J., Noreskal,
M., Riviere, P. et al. 2014. Diversity of Ralstonia solanacearum in
French Guiana expands knowledge of the “emerging ecotype”.
Phytopathology 104: 586-596.

Ding, S., Shao, X,, Li, J, Ahammed, G. J,, Yao, Y., Ding, J. et al. 2021. Ni-
trogen forms and metabolism affect plant defence to foliar and
root pathogens in tomato. Plant Cell Environ. 44: 1596-1610.

Dordas, C. 2008. Role of nutrients in controlling plant diseases in
sustainable agriculture: a review. Agron. Sustain. Dev. 28: 33-46.

Duffy, B. K. and Défago, G. 1997. Zinc improves biocontrol of Fusar-
ium crown and root rot of tomato by Pseudomonas fluorescens
and represses the production of pathogen metabolites inhibi-
tory to bacterial antibiotic biosynthesis. Phytopathology 87:
1250-1257.

Duffy, B. K. and Défago, G. 1999. Macro- and microelement fertil-
izers influence the severity of Fusarium crown and root rot of
tomato in a soilless production system. HortScience 34: 287-291.

Fleurat-Lessard, P, Dédaldéchamp, F, Thibault, F, Béré, E. and Roblin,
G. 2011. Antifungal effects of iron sulfate on grapevine fungal
pathogens. Sci. Hortic. 130: 517-523.

Flores-Cruz, Z. and Allen, C. 2009. Ralstonia solanacearum encoun-
ters an oxidative environment during tomato infection. Mol.
Plant-Microbe Interact. 22: 773-782.

Hashem, A. R. 1995. Influence of iron on the growth of the tomato
wilt pathogen, Fusarium oxysporum, isolated in Saudi Arabia. J.

Plant Dis. Prot. 102: 326-330.

Heine, G., Max, J. F. J,, Fiihrs, H., Moran-Puente, D. W., Heintz, D. and
Horst, W. J. 2011. Effect of manganese on the resistance of
tomato to Pseudocercospora fuligena. J. Plant Nutr. Soil Sci. 174:
827-836.

Hong, J. K, Jang, S. J,, Lee, Y. H., Jo, Y. S, Yun, J. G, Jo, H. et al. 2018a.
Reduced bacterial wilt in tomato plants by bactericidal peroxy-
acetic acid mixture treatment. Plant Pathol. J. 34: 78-84.

Hong, J. K, Jo, Y. S., Ryoo, D. H., Jung, J. H., Kwon, H. J,, Lee, Y. H. et al.
2018b. Alternaria spots in tomato leaves differently delayed by
four plant essential oil vapours. Res. Plant Dis. 24: 292-301.

Hong, J. K, Kang, S. R, Kim, Y. H., Yoon, D. J., Kim, D. H., Kim, H. J. et
al. 2013. Hydrogen peroxide- and nitric oxide-mediated disease
control of bacterial wilt in tomato plants. Plant Pathol. J. 29: 386-
396.

Hong, J. K,, Kim, H. J,, Jung, H,, Yang, H. J,, Kim, D. H,, Sung, C. H. et
al. 2016. Differential control efficacies of vitamin treatments
against bacterial wilt and grey mould diseases in tomato plants.
Plant Pathol. J. 32: 469-480.

Jiang, J.-F, Li, J.-G. and Dong, Y.-H. 2013. Effect of calcium nutrition
on resistance of tomato against bacterial wilt induced by Ral-
stonia solanacearum. Eur. J. Plant Pathol. 136: 547-555.

Jiang, J. F, Wan, X,, Li, J. G. and Dong, Y. H. 2016. Effect of boron nu-
trition on resistance response of tomato against bacterial wilt
caused by Ralstonia solanacearum. J. Plant Pathol. 98: 117-122.

Jo, Y. S, Park, H. B., Kim, J. Y., Choi, S. M., Lee, D. S., Kim, D. H. et al.
2020. Menadione sodium bisulfite-protected tomato leaves
against grey mould via antifungal activity and enhanced plant
immunity. Plant Pathol. J. 36: 335-345.

Jogaiah, S., Abdelrahman, M., Tran, L.-S. and Shin-ichi, I. 2013. Char-
acterization of rhizosphere fungi that mediate resistance in
tomato against bacterial wilt disease. J. Exp. Bot. 64: 3829-3842.

John, R, Ahmad, P, Gadgil, K. and Sharma, S. 2009. Heavy metal
toxicity: effect on plant growth, biochemical parameters and
metal accumulation by Brassica juncea L. Int. J. Plant Prod. 3: 65-
76.

Kurabachew, H. and Wydra, K. 2013. Characterization of plant
growth promoting rhizobacteria and their potential as biopro-
tectant against tomato bacterial wilt caused by Ralstonia sola-
nacearum. Biol. Control 67: 75-83.

Lee, Y. H,, Choi, C. W, Kim, S. H,, Yun, J. G,, Chang, S. W,, Kim, Y. S. et
al. 2012. Chemical pesticides and plant essential oils for disease
control of tomato bacterial wilt. Plant Pathol. J. 28: 32-39.

Li, G., Kronzucker, H. J. and Shi, W. 2016. Root developmental ad-
aptation to Fe toxicity: mechanisms and management. Plant
Signal. Behav. 11:e1117722.

Liu, G., Greenshields, D. L., Sammynaiken, R., Hirji, R. N., Selvaraj, G.
and Wei, Y. 2007. Targeted alterations in iron homeostasis un-
derlie plant defense responses. J. Cell Sci. 120: 596-605.

Macur, R. E., Mathre, D. E. and Olsen, R. A. 1991. Interactions be-
tween iron nutrition and Verticillium wilt resistance in tomato.
Plant Soil 134: 281-286.



Research in Plant Disease Vol.29 No. 1 87

Muthoni, J,, Shimelis, H., Melis, R. and Kinyua, Z. M. 2014. Response
of potato genotypes to bacterial wilt caused by Ralstonia so-
lanacearum (Smith) (Yabuuchi et al.) in the tropical highlands.
Am. J. Potato Res. 91:215-232.

Pradhanang, P. M., Momol, M. T,, Olson, S. M. and Jones, J. B. 2003.
Effects of plant essential oils on Ralstonia solanacearum popula-
tion density and bacterial wilt incidence in tomato. Plant Dis. 87:
423-427.

Reyt, G., Boudouf, S., Boucherez, J,, Gaymard, F. and Briat, J.-F. 2015.
Iron- and ferritin-dependent reactive oxygen species distribu-
tion: impact on Arabidopsis root system architecture. Mol. Plant
8:439-453.

Singh, D., Yadav, D. K,, Sinha, S. and Choudhary, G. 2014. Effect of
temperature, cultivars, injury of root and inoculums load of
Ralstonia solanacearum to cause bacterial wilt of tomato. Arch.
Phytopathol. Plant Prot. 47: 1574-1583.

Souri, M. K., Hatamian, M. and Tesfamariam, T. 2019. Plant growth
stage influences heavy metal accumulation in leafy vegetables
of garden cress and sweet basil. Chem. Biol. Technol. Agric. 6: 25.

Swanson, J. K, Yao, J., Tans-Kersten, J. and Allen, C. 2005. Behavior of
Ralstonia solanacearum race 3 biovar 2 during latent and active
infection of geranium. Phytopathology 95: 136-143.

Tan, S, Dong, Y., Liao, H., Huang, J., Song, S., Xu, Y. et al. 2013. Antag-
onistic bacterium Bacillus amyloliquefaciens induces resistance
and controls the bacterial wilt of tomato. Pest Manag. Sci. 69:

1245-1252.

Tano, J,, Ripa, M. B, Tondo, M. L, Carrau, A, Petrocelli, S., Rodriguez,
M. V. et al. 2021. Light modulates important physiological fea-
tures of Ralstonia pseudosolanacearum during the colonization
of tomato plants. Sci. Rep. 11: 14531.

Tewari, R. K., Hadacek, F, Sassmann, S. and Lang, I. 2013. Iron de-
privation-induced reactive oxygen species generation leads to
non-autolytic PCD in Brassica napus leaves. Environ. Exp. Bot. 91:
74-83.

Tripathi, R, Tewari, R, Singh, K. P, Keswani, C,, Minkina, T., Srivastava,
A. K. et al. 2022. Plant mineral nutrition and disease resistance:
a significant linkage for sustainable crop protection. Front. Plant
Sci. 13: 883970.

Turhadi, T, Hamim, H., Ghulamahdi, M. and Miftahudin, M. 2019.
Iron toxicity-induced physiological and metabolite profile varia-
tions among tolerant and sensitive rice varieties. Plant Signal.
Behav. 14:1682829.

Wang, L., Pan, T,, Gao, X., An, J,, Ning, C,, Li, S. et al. 2022. Silica
nanoparticles activate defense responses by reducing reactive
oxygen species under Ralstonia solanacearum infection in to-
mato plants. Nanolmpact 28: 100418.

Yamazaki, H. and Hoshina, T. 1995. Calcium nutrition affects resis-
tance of tomato seedlings to bacterial wilt. HortScience 30: 91-
93.



