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Abstract: Soil microorganisms plays an important role on plant development and the homogenization of soil
microbiome is agri-environmental harmful. It is essential that agricultural practices are carried out taking soil
microbiome preservation in consideration. Agroforestry systems are one of the most environmentally friendly
agrosystems and its plant diversity influence directly the soil microbiome diversity. In addition, many
technologies have been developed and used by applying inoculants in agriculture. However, most of the
inoculants are developed with only one or a little number of microbial species to supply a specific plant
nutritional demand. In this study we tested the efficacy of the microbial consortium (MC) obtained from
compost and the cyanobacteria Arthrospira platensis (AP) comparing with the application of the vermicompost
tea (VT) and bokashi (BK) in arugula, lettuce, beetroot, and carrot in an agroforestry system in two seasons.
Soil changes on chemical properties and p-glucosidase and arylsulfatase were measured over time. The
vegetables yield was measured and for arugula and lettuce the nutritional traits and plant root system were
also evaluated. Greater plant yield, nutritional values, and plant root development was observed in the CM
treated plants, AP and BK had similar results. Our results show that both CM and AP have potential to become
a sustainable product for agricultural production.

Keywords: inoculant; soil biodiversity; agroforestry system

1. Introduction

Agricultural practices have been intensified over the last decades causing harmful impacts on
the environment [1]. However, it is known how much conventional agriculture contributes to global
warming, due to the inadequate management of natural assets such as soil and water, associated with
greenhouse gas emissions [2]. With the justification that it is necessary to increase food production
due to population growth [3], there was no concern about the depletion of our natural resources, such
as soil and water, fundamental for all types of life on the planet.

Agroforestry systems (AFS) are one of the most environmentally friendly agrosystems, where
perennial woody plants (trees, shrubs, palm trees) are grown in association with herbaceous plants,
agricultural and/or forage crops and/or with animals in the same area and can be planted all at once
or in a time sequence, with high diversity of species and ecological interactions, favouring a more
efficient recycling of nutrients, being able to restore soil health [4,5]. The trees, with deep roots,
recapture and pump back leached nutrients, the biomass deposited in the soil by falling leaves,
pruning branches and residues from annual crops improves the supply of nutrients and in addition
to the root exudates favour the action of beneficial microorganisms in the soil [6,7].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Several microorganisms can interact with roots and promote plant growth [8,9]. These
microorganisms have been studied for decades and biotechnological products have been developed
using plant growth promoting microorganisms (PGPM) in agriculture as inoculants. This
biotechnology is very important to the Brazilian agriculture [10]. In maize, for example, it is possible
to replace in the country 25% of N chemical fertilizers by inoculation with Azospirillum brasilense,
saving US$ 15 ha-1 and avoiding the emission of 236 kg of CO2e ha-1 [11]. In soybeans the
replacement is by 100% using Bradyrhizobium spp [12]. There are researches with inoculation in
horticulture, but not so far as it is in the extensive crops [12].

Mira et al. (2021) [13] isolated a microbial consortium from compost and inoculated in arugula,
carrots, and radish obtaining great results on these three cultures. This microbial consortium differs
from the conventional inoculants since it is inoculated a microbial community and not an isolated
strain, it has potential to become a commercial inoculant, but more tests should be done. Another
type of PGPM tested in horticulture are the cyanobacteria due to their ability to fix atmospheric
nitrogen, solubilizing phosphorus and promote plant growth [14,15]. Also, they have potential to be
applied as soils conditioners since they can improve soil structure and water retention [16], as well as
the availability of nutrients [17,18].

In horticulture is common to use organic fertilizers to improve the productivity in a sustainable
way. Vermicompost tea (worm tea) is a leachate obtained below the vermicomposting heap and has
been used as organic fertilizer [19,20]. Bokashi is an organic fertilizer with a high content of organic
matter and nutrients, high porosity and a high water retention capacity [21]. In addition, it contributes
to soil fertility with different types of microorganisms such as fungi and bacteria, increasing life in
the soil [22,23].

We tested the efficacy of the microbial consortium presented by Mira et al. (2021) [13] and the
cyanobacteria Arthrospira platensis comparing with the application of the vermicompost tea and
bokashi in arugula, lettuce, beetroot, and carrot in an agroforestry system implemented in an area
that was used for construction debris deposit. Based on the literature and our previous pilot trials,
we hypothesized that both the microbial consortium and A. platensis could show good results in
vegetables development being potential for new inoculant development for horticulture.

2. Materials and Methods

2.1. Site Description and Area Preparation

The current study was conducted at the Social Organization Célio Lemos (Obra Social Célio
Lemos) in Sao José dos Campos, State of Sao Paulo, Brazil. From April 2021 to August 2022, at the
coordinates 23°11°21” S and 45°52"17” W, 596 m altitude. The study area presented a history of being
used for deposing construction debris, also, one cinnamon and one eucalyptus trees were present
there. The soil was classified as Dystrophic Red-Yellow Latosol according to the Brazilian
classification system [24]. The climate is classified as Cwa (humid subtropical) according to Képpen-
Geiger classification.

Firstly, the area was cleaned removing the rubble using a truck and cutting the cinnamon and
eucalyptus trees. A 00-10 cm soil sample, composed by 15 soil subsamples was collected on May 27th,
2021, and sent to Ribersolo Laboratory in Ribeirao Preto, Sdo Paulo State, Brazil, for determination of
soil chemical and granulometric initial properties (Table 1). With a garden bedder and tilling the soil
with a tiller, 10 garden beds spaced by 1 m, with 1 m x 16 m of size each, were built. No chemicals
were applied in the soil. Using rakes, some rocks from the rubble remaining in the soil were removed.

Table 1. Soil chemical properties before starting the experiments.

pH

oM P -res K Ca Mg H+Al Al SB CEC V m S B Cu Fe Mn Zn
(CaCl2)

mg dm-

g dm? mmolc dm3 % mg dm?

6.5 17 26 31 52 9 14 <0.7 641 78 82 1 10.0 0.22 2.50 27.0 1.90 6.30
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SB sum of bases; CEC cation exchange capacity.

A mix of seeds of green manure plants was sown by broadcast sowing on August 11th, 2021. The
mix included: Avena strigosa (7.0 g/m?), Lupinus albus (6.5 g/ m?), Cajanus cajan (4.0 g/ m?2), Crotalaria
juncea (3.2 g/ m?), Helianthus annus (2.0 g/ m?), and Raphanus sativus (1.0 g/ m?). The seeds were mixed
with garden soil (amount equivalent to 100 g/m2 of the total area). On October 22nd, 2021, the plants
were cut, crushed, and placed on the garden beds for covering. Additionally, plant material from tree
pruning carried out by the city hall was donated for the project and used for soil covering, the weight
of the plant material laid in the soil was not measured, but it was sufficient to form a layer of
approximately 5 cm of litter. This material was laid on the top of the beds and between them. The
study can be divided in three stages: (1) area preparation and cover crop cultivation, (2) first
experimental cycle, and (3) second experimental cycle.

2.2. Experimental Design

The experiment was conducted in a completely randomized blocks with five treatments: (C)
Control; (CT) 0.5 L/ m? of vermicompost tea diluted in the proportion 1:15; (Ap) 0.5 L/ m? of
Artrhospira platensis cultivated in CT; (MC) 0.5 L/ m? of microbial consortium obtained from compost
(1.2 x 109 cells/mL) [13]; (Bk) 1.0 kg/ m? of Bokashi. Each block consisted of two rows of garden bed
with 16 m?, each plot has 2 m of length spaced by 1 m length from each other, a space of 0.5 m of
length in the ends of the garden beds was considered (Figure 1a). The vegetables were planted at the
same time in a consortium including pepper, a single plant row spaced 1 m apart; lettuce, spaced by
0.3 m x 0.3 m; arugula, six plants spaced by 0.15 m between the pepper and lettuce row; carrot, seeds
were applied in a row with 0.15 m from two rows of lettuce; beetroot, six plants spaced by 0.15 m
between the lettuce row and pepper (Figure 1b). All plants were planted by seedlings, except the
carrots which were planted by seeds. Around 5 days after the emergence, carrots were thinned to 6
plants per row. For the forestry component, two garden beds (one in the block 2 and other in the
block 4) received some plant trees, Sphagneticola trilobata, Gliricidia sp, Musa paradisiaca, Ricinus
communis, Diospyros kaki, Caesalpina pluviosa, Tabebuia roseo-alba, Mangirefa indica, Melia azedarach,
Cajanus cajan and Citrus sp. It was conducted two planting and harvesting cycles. The first started on
October 25th, 2021, and the second on May 5th, 2022.
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Figure 1. (a) Experimental design croquis and (b) vegetables arrangement in a plot. C = control; VT =
vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk = bokashi. The
highlighted lines in (a) indicate where the trees were planted.
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2.3. Inoculum Preparation

The microbial consortium was the same that Mira et al. (2021) obtained from compost. A
cryopreserved sample in Tryptic Soybean Broth (TSB) culture medium with 30% glycerol was
reactivated by inoculating in 100 mL of TSB and maintaining at 30 °C for 72 h. Then, the reactivated
culture was used to produce the inoculum for the experiment, 1 mL of the reactivated cells was
transferred to several flasks containing 300 mL of TSB which were incubated at 30 °C for 72 h to get
the amount necessary for the treatments. The cell concentration in the suspension was adjusted to get
1.2 x 109 cells/mL with the quantitative nephelometry test [25].

The Arthrospira platensis strain BMAKD? was obtained from the “Aidar & Kutner Microorganism
Bank of the Oceanographic Institute of the University of Sao Paulo”. The cyanobacteria were
inoculated in 20 L of 1:5 diluted vermicompost tea in water without sterilization, also it was added
2.5 g/L of NaNOs and 16 g/L of NaHCO:s to the medium. It was assembled a photobioreactor using
an organizer box with 29 L of capacity, on the lid of the box an 18 W LED lamp was attached, it was
connected to a timer programmed for 12 h of light time per day. Considering the variations in
luminosity in the laboratory and the different depths at which the cells were positioned inside the
box, a variation from 1570 to 2500 lux was measured without the presence of culture media and cells,
which influence light absorption. The range of luminosity obtained is within good conditions
established for cell growth [26]. The aeration was controlled using a pump and the system worked
for 14 days at room temperature for the cyanobacterial growing. For the field application the
cyanobacterial suspension was diluted in water in the proportion of 1:3 to give a 1:15 final dilution
for the vermicompost tea.

It was utilized an artisanal Bokashi prepared by the local farmer at the experimental site for the
experiments, it was used 45 kg of garden soil, 10 kg of rice straw, 4 kg of rice bran, 16 kg of manure,
1.4 kg of crushed coal, 800 g of yorin, 400 g of phosphite. The ingredients were mixed with 10 L of a
mixture of 5 L of the E.M. suspension, 5 kg of sugar cane molasse and 100 L of water. E.M. were
produced from samples of fungi isolated from an Atlantic Forest litter in the region of Sao José dos
Campos, using cooked rice as bait. After 7 days, the colonies grown on cooked rice were selected by
their colours, the dark ones were eliminated and the others were used as inoculum in a broth medium
based on sugar cane molasses, milk and rock dust.

2.3. Data Collecting and Analysis

Randomly, taking care to preserve the plants roots systems it was harvested six plants from each
plot for each specie, except for the pepper, which was harvested just the fruits. The arugula was
harvested 28 days after planting (DAP), lettuce 45 DAP, beetroot 90 DAP, carrot 120 DAP, and pepper
120 DAP. The plants were transported to the laboratory, where it was made biometric measures.
Firstly, the shoots and roots were separated, then it was measured the shoot and root fresh weigh for
all the plants. For the lettuce and arugula, root volume was measured by immersion and displacement
of water in a graduated cylinder. Total root length was assessed in fresh roots by the modified line-
intersection method [27]. Root mean diameter (D) was calculated by the formula 2(V/Lmt)%> and root
superficial area by the formula 2nRL + 2nR?, where V, L, and R represent the root system volume,
total root length, and root mean radius (D/2), respectively [28]. The carrots root length was measured
using a rule. Then, the shoots and roots were dried at 65 °C until getting constant mass. Shoot and
roots dry weigh were measured. Due to budget limitations, just 3 repetitions (2, 3 and 4) of the arugula
and lettuce in the first experiment were sent to bromatological analysis by the Ribersolo laboratory
in Ribeirao Preto, Sdo Paulo State. In the second experiment, bromatological analysis was not made.

2.3. Statistical Analysis

All data obtained were tested for the normality of variables and variance homogeneity, followed
by an analysis of variance (ANOVA) at p < 0.05 and then means were compared by the Duncan test
at p <0.05. In cases where the variables did not show normality and/or variance homogeneity, data
were transformed to V(x+1). These tests were performed using the ExpDes package of the R software
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(version 4.2.2, 2022). Data from biometric analysis were transformed into log(x+1) for clustering, the
number of clusters were determined by the function “fviz_nbclust”, then the clusters representations
were generated with “fviz_cluster” function, both from the “factoextra” package in R.

3. Results

In general, the first experiment showed more differences between the treatments than the
second. In most cases, the vegetables were benefited by the Ap, MC, and Bk treatments, with a
highlight to MC. In arugula, these treatments resulted in more shoot dry weigh in the first and second
experiment (Table 2). Shoot dry weight in MC treated in the second experiment is the only of these
three treatments mentioned that differs from VT. Furthermore, MC has more root dry weight and
volume than the others in the first experiment. In the second experiment Ap, MC, and Bk did not
differ from each other in relation to root dry weight and volume, but it differs from the control group.
MC treatment also resulted in longer roots and in more root surface area in the first experiment. The
treatments did not differ from each other in the root mean diameter. The Bk treated arugulas shown
the lowest root specific length and the major root density values in the first experiment. The clustering
plots based on the biometric analysis (Figure 2) shows two groups of treatments, the first comprises
Ap, MC, and Bk, and the second comprises C and VT.

Table 2. Means of the variables analysed in the productivity of arugula with five repetitions in
different treatments in AFS.

Shoot Dry Root Dry Root Root System Root Mean SE::;EG Sseoc(i)ftic Root
Weight Weight  Volume Length Diameter Area Length Density
g cm® cm mm cm? m/g mg/ cm?®
C 133 b 010 b 133 b 19066 b 0.94 56.38 b 2268 ab 7272 bc
VT 148 b 010 b 167 b 23571 b 0.93 70.12 b 2567 a 60.20 ¢
First Ap 282 ab 021 a 221 b 29384 ab 0.99 8849 b 1545 bhc 9457 ab
Experimen MC 397 a 026 a 368 a 34813 a 1.15 12596 a 13.70 bc 73.38 bc
t Bk 342 a 026 a 241 b 209.03 b 1.25 7818 b 858 ¢ 105.97 a
?0/:/) 44.55 39.94 37.20 28.49 18.51 26.75 38.95 23.87
C 116 ¢ 005 b 083 b 19773 b 0.71 4464 b 4460 120.16
VT 183 bc 0.08 ab 143 ab 46749 a 0.69 90.57 a  46.40 107.79
Second Ap 276 ab 011 a 163 a 37504 a 0.76 87.13 a 3533 144.55
Experimen MC 315 a 013 a 210 a 45990 a 0.63 101.37 a  58.40 142.25
t Bk 245 ab 012 a 173 a 406.99 a 0.80 98.27 a  37.69 133.00
((:0'/:/)' 39.70 34.70 34.68 18.19 21.63 17.32 36.46 22.72

C = control; VT = vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk =
bokashi; CV = coefficient of variation.

Means followed by different letters differ according to the Duncan test (p <0.05).
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Figure 2. Clustered treatments based on biometric data (Tables 2 and 3) for the first experiment with
arugula (a) and lettuce (b) and the second experiment with arugula (c) and lettuce (d). C = control; VT
= vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk = Bokashi.

In lettuce the treatments only shown differences between each other in the first experiment
(Table 3). MC treated lettuces had more shoot and root dry weight and root volume than the others.
Ap, MC, and Bk did not differ from each other in root system length, but it was longer than C and
VT. There was no difference in root mean diameter between all the treatments. MC had the major
root surface area, followed by Ap and Bk, and the C and VT. Only Ap and Bk differ from the control
group in the root specific length. There were no differences between the treatments in root density.
As it was for arugula, the treatments Ap, CM, and Bk in lettuce were like each other, being clustered
separated from C and VT (Figure 3).

Table 3. Means of the variables analysed in the productivity of lettuce with five repetitions in
different treatments in AFS.

Shoot  Root Root Root Root Root
Root . Root
Dry Dry Volume System Mean Surface Specific Densit
Weigh Weigh Length Diameter Area Length y
g cm3 cm mm cm? m/g mg/ cm?
C 356 b 048 b 480 b 55670 b 1.08 18181 ¢ 1162 b 49;1'2
First 2693
Experimen VT 332 b 044 b 467 b 66235 b 094 19349 ¢ 1581 ab O.
t
365.3
Ap 558 ab 058 b 633 b 108388 a 0.86 29274 b 1887 a

6
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MC 734 a 08 a 847 a 139603 a 091 38065 a 1641 ab 405'6

301.1

Bk 500 b 060 b 643 b 113392 a 085 30184 b 1885 a ;
C.V.(%)33.02 2378 2114 30.86 15.49 21.16 22.67 6.54°

c 201 0.25 3.17 719.44 075 a  168.82 3235 a 1259'8

132.5

VI 189  0.18 2.40 503.10 103 b 14850 1788 b .

Second 84 023 3.20 854.84 068 a 18474 3824 @ 220
Experimen 5
t 1385
MC 279 030 3.27 74327 066 a  182.80 421 a )

129.6

Bk 232 032 3.67 856.41 069 a 14820 3505 a -

C.V.(%) 4039 3669 3142 26.93 19.19 223 30.26 11.33

C = control; VT = vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk =
bokashi; CV = coefficient of variation. * Statistical analysis performed with values transformed into
V(x + 1). Means followed by different letters differ according to the Duncan test (p < 0.05).

The bromatology analysis, performed in the first experiment, showed that, except for the Zn
total content in the Ap treatment, Ap and Bk had always higher nutrient and protein content than C
and VT. In relation to MC, these treatments were sometimes lower than it and sometimes similar to
it in nutrient and protein content (Table 4). As it occurred on the arugulas, the bromatology analysis,
performed in the first experiment, showed that, except for the Zn total content in the Ap treatment,
Ap and Bk had always higher nutrient and protein content than C and VT. The MC treatment had, in
general, higher nutrient content than the others, being like Ap and Bk in some of those (Table 4).

Table 4. Total content of macronutrients, micronutrients, and proteins in arugula with different AFS

treatments.
N P K Ca Mg S B Cu Fe Mn Zn Proteins
1 1 mg
mg plant ug plant plant?
C 49.68 ¢ 3.30 b 66.72 c 42.85d 5.36 d 231'2 c 35.38d 1?;5 c 1622'3 c 3542 c 150.7 c 31054 c
Ch 50.94 ¢ 426 b 74.74 c 49.94d 5.89 d 21;'3 ¢ 4274d 151'2 € 955.67 ¢ 39.98 c 17;'8 c 31836 ¢
A 1 111. 146. 10. . A1 1 243.
“;g“ Ap " b983a % b 0473 ¢ (;8 3ﬁ6 b 7853 c 3(; b33 7600 b 228 e 699551
1364 111 201.6 1269 151 62.6 110.7 44.8 72024 1121 467.7
Mg 2@ 9 5 % ¢ 2 74 8 7 3 823052
1154 11.8 1843 | 109.3 . 13.0, 55.5 33.8 . 34169 104.6 3555
Bk 5 b . 1 ab 3 . b 9 95.20 b 0 b 3 P 5 ab 721.59b
C.V. (%) 9.18 255'9 18.52 5.35 1%5 1(;'6 10.51 9.53 20.77* 11.51 21.54 9.18
14.7 191. 12. 42.4 235.
C 85.36 b 7 919 c 4475 b 941 ¢ > b 6708 c 3 b 474.05b 62.10 b 315 0 b 53342Db
Lettuce Ch 91.10 b 1:;0 c 19;1'3 c 4590 b 948 ¢ 128 b 6934 c 391'2 b 470.76 b 60.04 b 22;1'6 b 569.45b
138.7 22.7 . 306.3 134 . 179 113.1 ., 69.9 106.9 347.3
Ap 0 2 4 b 3 b 70.57 a 0 b . 5 b ¢ @ 837.25 a 3 . 866.83 a
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1544 28.0 400.9 18.6 22.6 140.8 75.6 1113.2 143.1 431.1
CM 8 a 4 a 3 a 8894 a 0 a 1 a g a 1 a 3 a 4 a ’ a 965.74 a
110.0 , 21.2 . 283.1 14.3 . 183 104.0 , 68.4 1089.1 318.7
Bk 4 b 3 b 3 b 6751 a 5 b - a 3 b 4 a 0 a 9759 a 4 a 68777Db
15. 17. 14. 15.4 11.17
CV (%) 9.82 F())O 9.98 17.67 26 93 7.11 57 18.15 N 17.11 9.82

C = control; VT = vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk =
bokashi; CV = coefficient of variation. * Statistical analysis performed with values transformed into
J(x + 1). Means followed by different letters differ according to the Duncan test (p < 0.05).

In the first experiment, beetroot treated with Ap, MC, and Bk resulted in more shoot fresh weight
and root dry weigh comparing to the control group but did not differ from the VT group (Table 5). In
the second experiment there was no differences between the treatments in beetroots. The treatments
in carrots did not differ from each other in the first experiments but in the second VT treated carrots
had more dry weight (Table 5).

Table 5. Means of the variables analysed in the productivity of beetroot and carrot with five
repetitions in different treatments in AFS.

Beetroot Carrot
Shoot Fresh Root Fresh Shoot Fresh Root Fresh Lengh
en
Weight Weight Weight Weight &
g g cm
C 430 b 134 b 34.07 53.22 16.62
First CT 7.27 ab 3.51 ab 43.79 63.65 16.18
irs
. Ap 9.21 a 5.70 a 52.90 68.60 16.69
Experiment
MC 1743 a 6.71 a 39.20 61.95 16.50
Bk 1032 a 6.50 a 49.26 63.72 15.57
C.V. (%) 47.35" 26.38" 25.24* 34.5 10.55
C 17.77 4.37 8.53 36.13 ab 14.43
CT 25.77 6.91 13.63 5756 a 14.93
Second
. Ap 19.85 5.67 10.05 4455 ab 14.28
Experiment
MC 21.45 6.98 13.22 5753 a 15.25
Bk 19.63 6.62 6.99 2872 b 13.68
C.V. (%) 28.24" 23.83" 37.84 35.46 17.46

C = control; VT = vermicompost tea; Ap = Artrhospira platensis; MC = microbial consortium; Bk =
bokashi; CV = coefficient of variation. * Statistical analysis performed with values transformed into
1/(x + 1) ™ Statistical analysis performed with values transformed into \(x + 1). Means followed by
different letters differ according to the Duncan test (p < 0.05).

4. Discussion

The maintenance of soil quality has a dependence of the soil microbial communities. Building a
microbial functional diversity and redundancy is a key factor for a stable plant-soil system. This can
be reached by adopting several sustainable practices such no tilling, soil covering, no or low inputs
of chemicals, culture rotation, and microorganism application [29-31]. In the present study it was
presented microbial treatments for using in agriculture. The microbial consortium has a biodiversity
that came from the compost, bokashi has a microbial diversity which came from production process
and the EM, and vermicompost tea has also microorganism diversity [32]. Although A. platensis is a
single organism, it is known that cyanobacteria can stimulate soil microbiota diversity, moreover, it
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was used non sterilized vermicompost tea for the production, which is supposed to carry other
beneficial microorganisms [32,33]. The initial hypothesis was that these microorganisms could
improve the plants development and soil quality.

Plant growth promoting bacteria can induce improvements in morphological root traits by
producing plant growth regulators and signaling molecules in the rhizosphere [34-37]. With a longer
root system and more root surface area, the plant can scavenge more efficiently the soil nutrients,
especially those with low motility in the soil [38,39]. Root tissue density is related with how the plant
interact with the soil, even having impact in soil carbon dynamic. Specific root exudation rate
(amount of root exudate per gram of dry root over time) is decreased with high root tissue density
[40]. Root exudates represent a chemical interface for the communication between the plant and
microorganisms, which will use it as energy source [41]. Also, high root tissue density is negatively
correlated with root life span, it means a faster degradation of roots with lower tissue density in soil
[42]. Regarding the plant physiology, low root tissue density may indicate less metabolic expenditure
with the respiratory rate of the roots and faster shoot growth rate [43]. On other hand, plant can
reduce root tissue density by the formation of air spaces in the root cortex when it has low nitrogen
or phosphorus availability [2,44]. C and VT treatments had conditions that led to low general
development comparing with the other treatments in the first experiment with arugula, one
hypothesis is that these plants were in an environment with less plant growth promoting bacteria,
reducing, for example, the N and P uptake. In the MC treatment, the low root tissue density was
accompanied with a good plant development comparing with the other treatments, in this case root
tissue density reflected not a worse plant development but a reduction on the necessity of high
respiration rates by the roots. Although the treatments Ap, MC, and Bk did not show thinner roots
than the control group on arugula and lettuce, in general, they had more root length, more root
surface area, and less root specific length. These results may be attributed to the inoculated
microorganisms and it leaded to a greater plant development and nutrient uptake when comparing
to the control group.

Our results show that the A. platensis suspension in general improved the plants development
and can also be used for agricultural systems improvements. There are corroborations in the literature
with related benefits due to the inoculation of A. platensis in arugula, eggplant, lettuce, maize, and
onion [45-48]. Micronutrient concentration increasing in plant parts has also been reported [49,50].
In the present work, A. platensis increased macro and micronutrients in arugula and lettuce, when
compared with the control and VT groups, excepting for Zn in arugula, these results can be explained
due to the roots development improving, which aids the plants to explore more efficiently the soil.
The same rational thinking can be applied to the CM and Bk treatments.

The first trial with the microbial consortium used in this study was carried out by Mira et al.
(2021) [13]. The authors isolated the microbial consortium from compost and applied in arugula,
carrots, and radish. The MC improved significatively the fresh mass of the arugula, carrots, and
radish in 2.5, 1.3, and 16 times, respectively. The increase in the arugula shoot dry weight in 2.98 and
1.94 times in the first and second experiment of the present study corroborates with it. On the other
hand, while Mira et al. (2021) [13] related an increase in carrots biomass, the present results do not
show that. Although the authors made just one application of the MC, it can be worthy to do another
application in the middle of the growing period, since carrots takes a longer time to be harvested than
arugula and lettuce. This approach of applying the microorganisms more than one time could also
be adopted for the Ap treatment, Dias et al. (2016) [45] for example did four applications of A. platensis
in an experiment with eggplant.

Bokashi, as an organic fertilizer, has a high content of organic matter and nutrients, in addition
to the microorganisms [21]. The results with bokashi application show a general improvement on
plan development when compared to the control group (Tables 1-3). Controversially, Mayer et al.
(2010) [51] did not observe yield increase in a four-year experiment with potato, winter barley, alfalfa,
and winter wheat, each one in a year as a rotation in temperate climate. The authors related some
effects on soil traits but attributed it to the nutrient content in bokashi rather than the microorganisms,
since the autoclaved bokashi treated group had similar results.
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The use of bokashi through badly executed management can harm a crop. When the material is
added to a substrate for seed germination or even when applied to the soil, the decomposition of the
material continues and the negative impacts are caused by the decline in oxygen availability, N
immobilization [52] or by the phytotoxicity generated by the presence of phytotoxic compounds [21].
Organic acids and ammonium are examples of these compounds and are generated when the raw
material has a low C/N ratio [53]. Thus, it is recommended that biological tests be performed as
quality control to assess the phytotoxicity of the product [21].

Therefore, adopting the inoculation of CM or A. platensis instead of Bokashi can be better for
crop safety and yield, since the results shows better results to CM and similar results to Ap treatment
comparing to Bokashi. However, for using CM in agriculture as a product, it is needed more research
on formulation and scaling bioprocess, since using the TSB medium for growing the consortium is
not economically worthy.
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