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Abstract

Bacterial wilt, caused by Ralstonia solanacearum, is a major tomato disease in tropical and sub-
tropical regions. It is difficult to be managed, since no single measure confers significant contribu-
tion for disease control. Among the cultural practices available for disease management, bokashi
provides nutrients to the plants, increasing the microbial biomass, improving the quality of the
soil and, in some cases, protecting plants against diseases. In this work, we evaluated the effect of
three different bokashis (Embrapa—BE; poultry—BP and cattle—BC) in two soils artificially and
naturally infested with R. solanacearum, on the suppression of bacterial wilt in tomato. Disease
control is discussed upon measurements on the contents of microbial biomass carbon (MBC), on
total organic carbon (TOC), on basal respiration (BR), on metabolic coefficient (qCO;) and on mi-
crobial coefficient (qMIC). The experiment was implemented in greenhouse, with completely ran-
domized design and factorial arrangement of treatments 2 x 3 (two soils x three bokashis). Dis-
ease suppression, assessed through wilt incidence 20 and 30 days after transplanting, was better
observed in the naturally infested soil, where BP and BE were more efficient in controling the dis-
ease. TOC contents were higher in the artificially infested soil compared to that naturally infested,
whereas the gMIC presented higher value for the naturally infested soil, which had greater con-
tribution of MBC. Higher rates of BR and qCO; were observed for the naturally infested soil with BC,
probably indicating high plant stress caused by the disease in this treatment. Moreover, a high and
positive correlation coefficient was found between the variables qCO; and the number of infected
plants at 30 days after transplanting. In the artificially infested soil, a negative correlation was
found between the number of infected plants at 20 days after transplanting and TOC.
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Solanum lycopersicum

1. Introduction

Bacterial wilt, caused by Ralstonia solanacearum, has been a limiting factor for the tomato crop (Solanum lyco-
persicum) in regions of high temperature associated to high soil moisture, which frequently occurs in locations
of low altitude in the North and Northeast Regions of Brazil. More recently, it has been a matter of concern for
producers of protected cultivation, where crop rotation, one of the main control strategies, is not properly
adopted for economic reasons [1].

Bacterial wilt is a very difficult disease, especially due to the great pathogenic variability of the bacterium, its
capacity of surviving in the soil, and the large number of its host species [2]. Once introduced in an area, eradi-
cation of the bacterium is very difficult; there are reports that R. solanacearum persists in the soil for more than
ten years in the absence of Solanaceae species by surviving in the rhizosphere of various cultivated species or
weeds [3] [4].

Information on the survival period of the pathogen in the soil is scarce and rather conflicting, an expected
phenomenon considering that the soil is a complex entity, altered in time and space by various biotic and abiotic
factors and by their interactions. Therefore, among other factors, survival period depends on the type of soil, the
organic ones providing more rapid decline, probably due to their higher microbial activity [5] [6].

The existence of soils presenting suppression of bacterial wilt suggests that biological control is a field to be
better explored for the purpose of integrated control [7]. Besides, soil microorganisms are of extreme importance
for the cycling of nutrients [8]. The use of organic fertilizers such as bokashis, which composition contains ma-
cro- and micronutrients that are made available to the plants [9], stimulate an increase in microbial biomass in
vegetable crops, improving the quality of the soil in several aspects.

In addition to supplying nutrients, bokashi also contains microorganisms. They are developed according to a
record by TeruoHiga from the University of Ryukyus in Okinawa, Japan [10]. The fertilizer is composed of
crumbled and fermented organic materials, using inoculum obtained from leaf litter, commonly denominated
EM (effective microorganisms), which is rich in bacteria, yeasts, actinomycetes, photosynthetic bacteria and
other organisms occurring naturally in the environment [11]. The ecology of these microorganisms is very de-
pendent on the chemical, physical and biological composition of the soil, but it has been reported that such mi-
crobes play a relevant role in the natural or induced suppression of the soil, a rather complex phenomenon that
results in reduction of the deleterious effects of various phytopathogenic microorganisms [12]. In the preparation
of a bokashi, the microorganisms act on the organic matter and ferment it [13], with the consequent production
of organic acids, vitamins, enzymes, amino acids and polysaccharides important for plant growth. However, the
role of bokashi controling plant disease still unclear.

The application of organic compounds results in improvement of the microbial biomass and its activity in the
soil, compared to the use of chemical fertilizers [14] [15]. The application of bokashis in potato induced signifi-
cant responses up to a dose of 400 g-m 2, with yield of 24.5 t-ha *; however, it did not influence the dry matter
content and the incidence of physiological disorders [16]. In organic systems, EM-bokashi reduced germination
of fungal spores and the incidence of anthracnose in bell pepper. In the production of organic coffee, seedlings
with bokashi at 2%, weekly complemented with EM at 0.1%, developed 38% more than in the conventional
system, where soluble fertilizers were applied every 15 days and mancozeb and benomyl every week [17].

Microbial biomass, activity, and diversity are features used to characterize the biological component of the
soils. The microbial biomass represents about 2% - 5% of the total organic carbon (TOC) of the soils [18].
Evaluation of the microbial biomass, together with determination of the metabolic state of the microorganism
community, provides useful information about the levels of microbial activity.

Although studies on the association of treatments with bokashi reveal gains in productivity and promising
responses to the attack of phytopathogens, little is known regarding the direct or indirect relationships with the
plant and the pathogens. Knowledge about the size of the microbial community, as well as its activity in the soils
under treatment with different bokashis, allows inferring about the carbon balance flows in organic agriculture
and elucidates part of the involved biological processes. Moreover, it may generate results that enable assump-
tions regarding the relationship between the microbes and the suppression of diseases in the soil, for instance



M. R. Fontenelle et al.

bacterial wilt.

The present work had the objective of assessing the microbial attributes in soils naturally or artificially in-
fested with Ralstonia solanacearum amended with three bokashis upon different levels of suppressiveness to
bacterial wilt.

2. Materials and Methods
2.1. Description of the Area and Experimental Design

The experiment was carried out in the autumn of 2013, in greenhouse at Embrapa Vegetables, situated at the ru-
ral area of Gama, Distrito Federal (DF, Brazil; geographical coordinates 15°56'S and 48°08'W; altitude 997.6 m).
The temperature in the greenhouse was maintained between 20°C and 40°C by natural ventilation and artificial
night heating in order to provide adequate conditions for disease establishment and evolution. The tomato plants
were cultivated in plastic crates of 40 x 20 x 10 cm with capacity for approximately 10 kg of soil. The experi-
mental design was in completely randomized plots (CRD), each represented by one crate, with four replications
in a 2 x 3 factorial arrangement, with two soils (artificially and naturally infested) and three bokashis (cattle bo-
kashi—BC, poultry bokashi—BP, and anaerobic bokashi produced at Embrapa Vegetables—BE).

2.2. Soil Infestation with Ralstonia solanacearum and Collection of the Contaminated Soil

The artificially infected soil was obtained from the experimental field of Embrapa Vegetables. The soil is of
Rhodic Ferralsol type, supplemented with 10 L of raw straw, 10 L of burned straw, and 187.5 g of limestone/100
L of soil, autoclaved and later infested with the isolate RS 489, race 1, biovar 1, phylotype Il of R. solanacearum,
obtained from wilted tomato plants produced in Borrazépolis (PR, Brazil). Soil infestation was accomplished by
planting inoculated seedlings of tomato “San Vito”, susceptible to bacterial wilt, produced in Styrofoam trays
with 128 cells containing the commercial substrate Bioplant® and exhibiting three definitive leaves. For inocula-
tion, the seedlings were removed from the trays and their roots, exposed in the substrate blocks, were sprayed
with a bacterial suspension containing approximately 10® UFC/mL, prepared by culturing the bacterium on
Kelman medium without tetrazolium [19] for 48 h at 28°C. Twelve inoculated seedlings were planted in each
crate and placed in a greenhouse. Fifteen days after inoculation, the plants, then wilted by action of the pathogen,
were removed and new seedlings of tomato “San Vito”, at the stage of three definitive leaves, were immediately
planted, with nine plants per tray, now without artificial inoculation. For the purpose of testing eventual sup-
pression by the treatments, the crates were considered infested after noticing that, 20 days after transplantation,
the majority of the non-inoculated seedlings began presenting symptoms of the disease. By means of the exuda-
tion test, [20] it was confirmed that wilting was indeed caused by R. solanacearum.

The naturally infested soil, of Dystric Cambisol, was collected at the city of Alexania (DF, Brazil), in field
cultivated with tomato where severe epidemics of bacterial wilt occurred. Samples were collected with a shovel
in the plant hills after removal of the wilted plants. For transport, the samples were placed into plastic bags and
transferred to the plastic crates in the same day. Samples taken from symptomatic plants revealed the presence
of race 1, biovar 1, phylotype Il of R. solanacearum.

2.3. Application of Bokashi

The different bokashis were incorporated into each type of infested soil and, 20 days later, 12 “San Vito” tomato
seedlings were transplanted to the crates. The amount of added bokashi was determined by the contents of N in
the organic fertilizer (Table 1), as well as the requirement of the tomato crop used to conduct the experiment. The
added amounts were 450 g/crate of BE, 460 g/crate of BP, and 650 g/crate of BC per experimental allotment. BC
and BP were acquired from third parties (product commercialized in the Federal District—DF, Brazil). Their
composition includes plant scraps, effective microorganisms (EM) and fertilizers that differ in relation to their
origin, cattle or poultry (BC and BP, respectively). BE is the result of anaerobic decomposition of organic debris,
composed of plant scraps, EM and poultry litter, besides other organic compounds such as bone powder, castor
bean cake. The water supply was maintained at field capacity, based on measurements by moisture sensors
placed in each crate immediately after seedling transplantation into both types of infested soils. Disease inci-
dence, given by the percentage of wilted plants, was assessed at 20 and at 30 days after transplantig. Collection
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Table 1. Total contents of nutrients present in three bokashis evaluated for control of tomato bacterial wilt.

Bokashi N P K Ca Mg S B Cu Fe Mn Zn
(9-kg™ soil) (mg-kg™ soil)
BP 28.6 5.1 8.4 18.7 5.0 1.8 225.0 64.9 13333.3 255.8 204.2
BE 31.0 10.3 18.1 60.2 175 34 123.3 57.3 2725.0 3325 267.5
BC 12.8 17 3.0 6.0 2.3 0.8 262.5 51.6 16166.7 54.3 105.0

of the soil was performed after two tomato cycles.

2.4. Determination of the Microbiological Attributes

For analysis of MBC, the moisture of each sample was determined by gravimetric difference, calculated be-
tween dry and natural moisture samples, after 72 h in incubator at 110°C. Soil samples of 20 g were then
weighed. Subsequently, water was added to maintain the moisture at 100% of field capacity. The MBC was de-
termined by the chloroform-fumigation-incubation method [21] [22]. Each sample was prepared in triplicate,
three fumigated (F) and three non-fumigated (NF). Determination of TOC content was accomplished by the
method of Walkley-Black. The evolution of C-CO, was established in mg of C/kg of dry soil from the volume
spent in the titration of the NF samples. qCO, was calculated by the ratio between C-CO, and MBC per day [23]
and gMIC by the ratio between MBC and TOC [24].

2.5. Statistical Analyses

The normality of data distribution was evaluated and basal respiration variable was transformed to log (x + 1),
before performing ANOVA. Treatments were tested for significance difference using Scott-Knott test with a
probability level of P = 0.05. The data for number of infected plants at 20 days was not normally distributed,
even after transformation. Thus, Kruskal-Wallis and Mann-Whitney U non-parametric tests were used for their
analysis with a probability level of P = 0.05.

3. Results and Discussion

The conditions under which the experiments were carried out, considering the tomato cultivar, the levels of in-
festation of the soils and the combination temperature x soil moisture, allowed the manifestation of bacterial wilt
in adequate intensity for the objectives of the assay. No effect on statistical variation source (type of soil and
bokashis) were verified on the MBC contents (Table 2). Effects were only noticed for the types of soil on the
contents of TOC, the relation gMIC, and the number of infected plants at 20 days. Effects on statistical variation
source (type of soil and bokashis) were also verified on the basal respiration. Moreover, statistical interaction
between the factors was significant only for the variables qCO, and infected plants at 30 days after plant exposi-
tion to the pathogen (Table 3).

The artificially infested soil yielded higher number of infected plants at 20 and 30 days; in the latter, when
treated with BP and BE. No differences were observed between the mean numbers of infected plants at 30 days
when the soils were treated with BC. Therefore, it is evidenced that the naturally infested soil presented greater
suppression of bacterial wilt at the beginning of the cycle premise that held true to the end of the tomato cicle
except when BC was used. This result is in accordance with those by Coca et al. [25], who detected greater re-
duction of bacterial wilt by poultry litter in comparison to cattle manure in Ferralsol of potato field naturally in-
fested with R. solanacearum. Our data do not support conclusions about the cause of different responses of bo-
kashis towards suppression to bacterial wilt. Most probably, they might be related to favoring peculiar microbial
compositions that regulate the population of the pathogen, as well as to special fractions of its organic matter
that may alter plant nutrition and rhizobiome composition. These are possibilities to be investigated in future re-
search.

The obtained data further suggest that the initial suppression (at 20 days) of bacterial wilt was mostly depen-
dent on type of soil, without significant influence of the bokashis. However, it is not possible to infer about the
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Table 2. Microbial biomass carbon and basal respiration of one soil artificially or naturally infested with Ralstonia
solanacearum, fertilized with bokashis and cultivated with tomato plants.

Source of variation MB(E:1 ) TOCE1 qMICﬁZ1 ; Basal respiratioirl (C_-COZ*) Number of wilted plants
(mg-C-kg " soil) (9-kg ™) (mg-MBC-g  C soil) (mg-C-kg " soil) at 20 days
Soil infestation
Artificial 242.73™ 118.80 a 2.08b 1152 b 4.25a
Natural 273.01™ 80.02 b 346a 1981a 0.67b
Bokashis
BP 235.47™ 95.66™ 2.75™ 15.25b 2.50™
BE 302.53"™ 105.03™ 2.95™ 12.75b 1.50™
BC 235.60™ 97.54"™ 2.59" 18.98 a 3.38™
CV (%) 323 15.39 30.07 19.82 52.30

Means followed by the same letter (column) do not differ by the Scott-Knott test at 5% (MBC, TOC, gMIC and basal respiration) or the Mann- Whitney
U test at 5% (infected plants after 20 days). "Non-significant by the F test at 5% (MBC, TOC, gMIC and basal respiration) or Kruskal-Wal- lis test at
5% (infected plants after 20 days). *Data transformed by the function y = log (x) for analysis. BE—Bokashi from Embrapa Vegetables; BP—Poultry
bokashi; BC—Cattle bokashi; MBC—Microbial biomass carbon; TOC—Total organic carbon; gMIC—Microbial coefficient.

Table 3. Metabolic coefficient and number of wilted plants cultivated in soil artificially or naturally infested with Ralstonia
solanacearum, fertilized with bokashis and cultivated with tomato plants.

Metabolic coefficient (qCO,) (mg-C-CO,-mg* MBC-day %)

Soil infestation BP BE BC
Atrtificial 0.066 aA 0.038 aA 0.057 bA
Natural 0.064 aB 0.054 aB 0.122 aA

CV (%) = 30.28

Number of wilted plants at 30 days

BP BE BC
Artificial 6.50 aA 4.75aA 6.75 aA
Natural 2.25bB 0.25bB 6.75 aA

CV (%) = 38.40

Means followed by the same lowercase (column) or capital letter (row) do not differ by the Scott-Knott test at 5%. BE—Bokashi from Embrapa Veg-
etables; BP—Poultry bokashi; BC—Cattle bokashi; MBC—Microbial biomass carbon.

interaction between those factors on the suppression, since the absence of normal distribution of the data led to
the necessity of using non-parametric statistical tests, thus restricting the identification of possible interaction
effects. At the final evaluation (at 30 days), however, a significant interaction was observed for the factors types
of soil and bokashi In this last assessment, lack of effect of the bokashis was observed on the incidence of in-
fected plants in the artificially contaminated soil; differently, BP and BE were efficient in partially controlling
the disease in the naturally infected soil. Hence, it could be established that the bokashis had suppressive effect
on the number of infected plants at 30 days only when added to the naturally infested soil. It deserves mention
that the artificially infested soil was previously sterilized by heating. Studies have shown that soils suppressive
to Rhizoctonia solani, when heatedat 80°C, lose their suppression capacity. In these studies, 33,000 species of
archae bacteria and bacteria associated to suppression were identified, such as Proteobacteria (Pseudomonada-
ceae, Burkholderiaceae, Xanthomonadales), Firmicutes (Lactobacillaceae) and Actinobacteria [26].

MBC contents were not affected by either bokashi or soil types. It is possible that the conduction of two short
cycles with the tomato plant, under the adopted experimental conditions, was not sufficient for statistical differ-
ences to be detected. Although MBC can be considered a variable responsive to alterations in short-term man-
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agement, its response is more intense in long-term experiments [27].

Higher TOC contents were observed in artificially infested soils compared to naturally infested ones. These
results are probably related to the types of soil, Rhodic Ferralsol and Dystric Cambisol, respectively. Ferralsol
commonly present elevated contents of Fe and Al oxyhydroxides and strong and granular structure [28]. There-
fore, the higher TOC contents may be associated to the stabilization promoted by intermolecular links between
the organic matter and oxyhydroxides [29] and/or physical protection against microbial decomposition by oc-
clusion in stable aggregates [30] [31].

The gMIC, an index expressed by the relation between MBC and TOC [32], presented higher value for the
naturally infested soil than for the artificially infested one. In the latter, although TOC is smaller, the carbon as-
sociated to the microbial biomass is more elevated, as observed by Powlson et al. [33]. The contribution of the
microbial biomass for the organic matter composition was greater in the naturally infested soil. The higher mi-
crobial biomass in it may be associated to the greater microbial population previously existent in the soil. On the
other hand, in the artificially previously sterilized infested soil, after addition of the bokashis the microbial pop-
ulation had to be reestablished with microorganisms resistant to the treatment, pathogenic agents added via in-
oculation, and microorganisms existent in the specific bokashis. This probably hindered the increment in this
soil’s microbial biomass and yielded a lower gMIC value.

Effects of the soils and bokashis isolatedly on the basal respiration were identified. The highest basal respira-
tion rates were found for the naturally infested soil. The analysis of effects of the bokashis on this variable
showed that BC presented the highest rates, followed by BP and BE, which did not differed between them.

For qCO,, effects of interaction between the studied factors were observed. The highest qCO, was found
when the naturally infested soil was treated with BC. It is worth to point out that the highest values of gMIC
were identified for this same soil. Also the highest values of basal respiration were registered for this soil and
bokashi isolatedly. Further, the addition of BP and BE did not promote different values of qCO, in the naturally
infested soil, while none of the three bokashis influenced the values of this variable in the artificially infested
soil.

qCO; is an index that expresses the relationship between basal respiration and amount of microbial biomass
per day [32]. The increase in the values for this variable may indicate that, in stress situations, here related to the
manifestation of bacterial wilt, the major part of the carbon is used to provide energy instead of being assimi-
lated and converted into new microbial biomass, evidencing a greater demand for carbon [23]. Increases in the
carbon: potassium ratio and in the carbon concentration in the soil also seem to influence the increase in qCO,
[34]. It is possible, therefore, that these results reflect a lower capacity of BC of suppressing the R. solanacea-
rum population in the naturally infested soil and, consequently, the occurrence of bacterial wilt, thus increasing
the stress condition evidenced by the higher qCO,. This theory is reinforced by the high and direct coefficient of
correlation found between the variables qCO, and number of infected plants at 30 days (Table 4) in the natural-
ly infested soil. The significant and positive coefficient of correlation between the number of infected plants 20

Table 4. Correlation coefficients of Spearman (IP 20 days) and Pearson (IP 30 days) between
the variables analyzed for one soil artificially or naturally infested with Ralstonia solana-

cearum.
Artificially infested soil Naturally infested soil
IP 20 days IP 30 days IP 20 days IP 30 days
MBC 0.00™ 0.43™ -0.18"™ -0.54"™
TOC -0.63* 0.01" -0.12™ —-0.51™
gMIC 0.14"™ 0.38™ —0.06™ 0.37"™
Basal respiration 0.19™ 0.42™ 0.56* 0.53™
qCO; 0.12"™ -0.18™ 0.50™ 0.70*
IP 20 days 1 0.30™ 1 0.63*
IP 30 days -0.12™ 1 0.63* 1

*Significant at 5% probability; "non-significant at 5% probability. IP—Infected plants; MBC—Microbial bio-
mass carbon; TOC—Total organic carbon; gMIC—Microbial coefficient; gCO,—Metabolic coefficient.



M. R. Fontenelle et al.

days and the basal respiration also seems to support this theory. At last, a significant and positive coefficient of
correlation was also found between the number of plants infected at 20 and at 30 days in naturally infested soil,
suggesting that, in this case, when controlled at its initial stages by the addition of BP and BE, bacterial wilt
presented less severity. Altogether, the results agree with those observed by Lwin and Ranamukhaarachchi [35],
who reported the presence of microorganisms antagonist to R. solanacearum through application of commercial
EM inocula or bokashis.

In the artificially infested soil, the only significant coefficient of correlation found was the negative one be-
tween the number of infected plants at 20 days and TOC. This relation seems to infer that, when a diverse bio-
mass is absent, as this soil was sterilized beforehand, the organic matter of the soil becomes the main mechan-
ism of suppression of bacterial wilt; yet, it seems to have greater importance at the initial stage of the disease.
Nevertheless, the higher infection rate at the two stages examined for this soil seems to indicate that the me-
chanisms associated to the suppression promoted by the increase in TOC contents and, consequently, its com-
pounds, are less effective than those related to a higher and more biodiverse microbial community, as observed
in the naturally infested soil. It should be remarked that this is a preliminary work. Other hypotheses must not be
neglected, in order for future tests to be carried out in order to elucidate the complex phenomenon of disease
suppressiveness in soils. One of the many examples of variables that may interfere with results in this kind of
studies is the R. solanacearum isolate. It might be more fit to the specific soil condition or more resistant to
components responsible for the suppressiveness processes. The smaller biodiversity in the artificially infested
soil resulted in lower suppressive action against the pathogen, so the pathogen population was able to grow more
rapidly due to lack of competition for resources with other microorganism populations. Moreover the amount of
inoculum used to artificially infest the soil was probably higher than in the naturally infested soil, thus reducing
the suppressive capacity of the bokashis. Independently on the amendment used, this work strongly indicated
that the analysis of results in relation to the suppression of the bacterial wilt by organic additives in artificially
infested soils, especially when previously sterilized, should be done with caution, since they may not represent
the real suppression capacity.

4. Conclusion

Soil naturally infested with R. solanacearum provided a more reliable test for bacterial wilt suppressiveness by
addition of organic additives as compared with a soil artificially infested. Different bokashi formulations have
distinct capacity to reduce bacterial wilt incidence on tomato plants. Disease incidence reduction by bokashi ap-
plication in soil is partial and cannot be seen as a sole method of bacterial wilt control in tomato. Higher bacteri-
al wilt suppression was evidenced in a naturally infested soil treated with the bokashis from Embrapa Vegeta-
bles and from poultry litter, as compared to cattle bokashi. Basal respiration was higher upon addition of cattle
bokashi to the soil; moreover, the metabolic coefficient was higher for cattle bokashi in the naturally infested
soil, evidencing the presence of higher plant stress and higher disease incidence. Direct relation was found be-
tween TOC content and bacterial wilt incidence in the artificially infested soil, suggesting that, when the initial
biomass was reduced, the organic compounds were the main agents of R. solanacearum suppression.
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