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ABSTRACT

The application of stabilized organic matter to the soil is essential for the sustainability of a production system. Bokashi is
a biofertilizer produced by the aerobic decomposition of organic matter that contributes to the conservation of soil fertility.
The objective of this study was to evaluate the effect of bokashi improved with rock phosphate on a curled parsley crop
(Petroselinum crispum [Mill.] Fuss var. crispum) under organic management. The process to prepare bokashi at 9% rock
phosphate (BP) and without rock phosphate (BK) was evaluated in all treatments at the same temperature, pH, electrical
conductivity, and moisture content. Afterward, the effect of applying bokashi on potted curled parsley was evaluated for
10 treatments and 5 replicates. Treatments consisted of three rates (10%, 15%, and 30%) of three P fertilization sources:
bokashi with rock phosphate added to the process (BRE), bokashi without rock phosphate (BSR), bokashi without rock
phosphate in the process plus rock phosphate added to the pot (BRM), and a control without bokashi (B0). The chlorophyll
index, dry matter (DM), foliar P content, and soil available P were evaluated after harvest. The addition of rock phosphate
to the compost increased soluble P content by 17.7% and nearly doubled soluble Ca. The BRM treatment at 30% obtained
the highest chlorophyll index and BRE at 15% had the maximum DM value. Treatments with bokashi at 30% obtained the
highest foliar P content and soil available P. All treatments, except BSR at 10%, improved the chlorophyll index and DM.
The evaluated parameters did not vary according to the type of bokashi, but responded to different rates.
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INTRODUCTION

Phosphorus (P) is one of the most important chemical elements for plant growth and development. However, its availability
is limited in most natural ecosystems (Delfim et al., 2018). The largest portion of P applied to the soil as fertilizer is not
efficiently used by plants due to the intense retention processes that occur in the soil (Roy et al., 2016); this creates the
need to find more efficient alternative sources of P, such as the formulation of organic-mineral fertilizers by composting
organic waste mixed with soluble fertilizers or rock phosphate (Maluf et al., 2018).

The use of biofertilizers or organic fertilizers can be crucial for a sustainable agricultural system, increasing soil
productivity by improving its physical, chemical, and biological characteristics (Patel et al., 2015). The incorporation of
organic matter (OM) to the soil has a positive effect on characteristics such as aggregation, water infiltration, water retention
capacity, cation exchange capacity, nutrient availability, and increased soil microbial biomass (Karazija et al., 2015). The
addition of OM is usually obtained through compost. However, composting presents challenges for farmers, such as the need
for infrastructure and specialized equipment and the different parameters to comply with quality standards (Christel, 2017).
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There are alternatives to compost that have been less explored in agricultural systems. One of these is bokashi, which
is the decomposition of OM with the inoculum of microbes using different formulae (Christel, 2017). It is considered as
an organic fertilizer that can be used to nourish crops, increase plant growth and production, and improve soil structure
and soil water retention (Karimuna et al., 2016; Zaman et al., 2016).

Diverse studies have found that the use of bokashi has positive effects on soil fertility and crop production (Dou et
al., 2012). Ferreira et al. (2016) observed that applying bokashi improved the vegetative growth of lettuce and nematode
control. Christel (2017) reported that bokashi increased the height and biomass of spinach under greenhouse conditions.

The objective of this research study was to evaluate the effect of bokashi improved with rock phosphate on a curled
parsley crop under organic greenhouse management.

MATERIALS AND METHODS

To prepare and sample the biofertilizer and measure its effect on parsley (Petroselinum crispum [Mill.] Fuss var. crispum),
trials were set up in an organic plot at the Santa Rosa Experimental Station of the Instituto de Investigaciones Agropecuarias,
INIA Quilamapu (36°32.29” S, 71°55.36 W; 192 m. a.s.l.), Chillan, Nuble Region, Chile, and measurements were
completed in the Agroecological laboratory. The study was divided into two assays; the first was to prepare the bokashi
and the second to evaluate parsley plants.

Samples from the top 20 cm of soil (silt loam Inceptisol Andic Xerochrepts) were collected and analyzed, with values
of 160 mg N kg',5.46 mg Pkg', 127.8 mg K kg, pH 5.55,0.27 dS m™ electrical conductivity (EC), and 10.28% organic
matter (OM).

Preparation of bokashi with added rock phosphate

Bokashi was placed in piles under a shed with a completely randomized experimental design and three replicates. Rock
phosphate at 9% (Cerrifos, Ecofos, Santiago, Chile) was added to some bokashi piles to produce improved bokashi and
other piles were without rock phosphate.

All the raw materials were weighed. Six pieces (2 x 2 m) of plastic sheeting were placed under a shed to avoid
contamination with the ground and prevent moisture loss during the preparation. A volcano-shaped pile of 40 kg soil was
placed on each piece of plastic and 30 kg wheat middlings and 40 kg fresh cow manure were added in the center. To three
piles, 10 kg rock phosphate was added to obtain 9% rock phosphate in relation to the total mass. Meanwhile, 1 L yogurt,
20 g yeast, and 20 g molasses diluted in 5 L water were mixed and incorporated into each pile. Water was added to the
mixture until each pile contained 25 L. Piles were homogenized by successive turns until they were approximately 30 cm
high. Finally, they were covered with pieces of plastic of the same size as the base to impede moisture and temperature
loss and keep insects and other animals from entering.

For the following 3 d, each pile of bokashi was mixed three times a day and covered again, followed by 3 d of mixing
twice a day and left uncovered. Before mixing the piles, the temperature was measured (two replicates) at 10:00 h; after a
sample was mixed, moisture, pH, and EC were determined for each pile of bokashi. On days 2 and 3, piles were kept 30
cm high and covered with plastic, and on day 4 they were reduced to 15 cm high and uncovered until day 7 when the pile
was reduced again to 10 cm to lose moisture until day 8.

Evaluation of the finished bokashi
The preparation process and final quality of bokashi with (BP) and without rock phosphate (BK) was evaluated.
Temperature, pH, EC, and moisture were measured throughout the oxidation process.

On day 8, after the oxidation process of bokashi ended, samples from each pile were taken to perform a chemical
analysis and determine OM, total C, soluble Olsen P, EC, pH, and ammoniacal and nitric N, Ca, and K according to the
methods described by Sadzawka et al. (2006). These values were compared with accepted values for compost based on
the 2015 Chilean Norm 2880 (INN, 2015).
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Establishment of parsley bioassay
Bokashi and soil were mixed in a wheelbarrow to prepare the different substrates and fill the pots according to the 10
established treatments (Table 1). Each treatment had five replicates for a total of 50 experimental units.

The methodology used for substrate preparation, sowing, harvesting, measuring, and statistical analysis was an
adaptation of the method described by Schenkel and Baherle (1971) to study soil fertility through intensive potting
experiments.

The bottom of the pot was covered to avoid substrate loss through the drainage holes. Pots were filled with substrate,
tapped five times to correct irregularities and leave a space of 3 cm from the top. Finally, the substrate was soaked to field
capacity before sowing.

The assay was carried out on 2 March 2015 in 1.2 L pots that were filled with substrate as indicated in Table 1. Seeds
(1.25 g) were spread homogenously over the substrate and covered with 50 cm® of fine sifted soil in each pot. Pots were
placed on a counter in the greenhouse using a completely randomized experimental design. They were watered with 50
mL potable water with a hand sprayer. Watering was repeated twice a day during the germination stage. Once parsley
plantlets appeared, each pot was watered with 100 mL once a day; pots were watered with a sprinkler hose after 40 d.
Harvest was 142 d after sowing.

Evaluation of plant material and remaining pot soil
Once the plants reached a 15 cm height from the top edge of the pots, leaf chlorophyll index was measured with a
SPAD 502 chlorophyll meter (Konica Minolta, Tokyo, Japan) by introducing leaves into the caliper and taking five
measurements per pot. Afterward, plants were cut with scissors from each experimental unit at the top edge of the pot
and the plant material was stored in previously labeled paper bags. Samples were dried at 65 °C for 48 h and weighed
to determine DM. Subsequently, the plant material was ground and packed in small paper bags. Foliar P content was
determined by calcination and colorimetry of the phosphovanadomolybdate complex.

At the end of the assay, the substrate was recovered, sifted, and the Olsen P content determined by colorimetry with
molybdenum blue. Both methods of P have been described by Sadzawka et al. (2006).

Statistical analysis

The assays had a completely randomized experimental design. To determine statistical differences in the bokashi
preparation process and evaluation assays, collected data were subjected to an ANOVA and separation of means by the
Student-Fischer t-test. For plant and soil parameter evaluations, collected data were subjected to ANOVA and separation
of means by Tukey’s test (P < 0.05). The statistical analysis was performed with the InfoStat 2015 statistical software
(Grupo InfoStat, Facultad de Ciencias Agropecuarias, Universidad Nacional de Cérdoba, Cérdoba, Argentina).

Table 1. Treatments of the parsley bioassay.

Treatment Soil content Bokashi rate Type of bokashi

% %
BO (Control) 100 0 Without bokashi and without rock phosphate
BREI10 90 10 Bokashi with 9% rock phosphate in the composting process
BSR10 90 10 Bokashi without rock phosphate
BRM10 90 10 Bokashi without rock phosphate + 9% rock phosphate in the pot
BREI1S 85 15 Bokashi with 9% rock phosphate in the composting process
BSR15 85 15 Bokashi without rock phosphate
BRM15 85 15 Bokashi without rock phosphate + 9% rock phosphate in the pot
BRE30 70 30 Bokashi with 9% rock phosphate in the composting process
BSR30 70 30 Bokashi without rock phosphate
BRM30 70 30 Bokashi without rock phosphate + 9% rock phosphate in the pot
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RESULTS AND DISCUSSION

Physicochemical properties of bokashi during the oxidation process

The pH behavior was similar in both the BP and BK treatments; on day 1 of the mixture preparation pH began to decrease
due to biodegradation and the constant production of organic acids (Zaha et al., 2013) but tended to stabilize at values of
7.9, which is close to neutral pH (Figure 1A). This value is similar to findings reported by Saldafa et al. (2014).

The temperature of each pile increased as microbial activity increased, rapidly reaching a thermophilic phase (Sharma
et al., 2017) after which it sharply declined due to the required decrease in the height of the piles on day 7 (Figure 1B).

The EC of the treatments decreased during the biofertilizer preparation and at the end of the process had values close
to 4.8 dS m™ (Figure 1C), similar to those reported by Boudet et al. (2015). These EC values can be attributed to the high
content of ammonium and mineral salts produced by the degradation of OM that releases ammonium and phosphates
(Sharma et al., 2017). The decrease in EC can be attributed to ammonia volatilization and mineral salt precipitation over
time (Chennaoui et al., 2018).

Initial moisture decreased as the substrate was transformed, and by increasing the temperature and turning the piles
(Figure 1D), water was released as steam. The BP exhibited the lowest amount of water during the whole preparation
process. This is due to the dilution effect because the same amount of water was used for both types of bokashi; however,
the rock phosphate treatment had a larger total volume and mass.

Physicochemical properties of the finished bokashi

Bokashi quality was determined using compost quality parameters because the parameters for bokashi have not yet been
developed; both are the product of biological oxidation of a mixture of plant and animal material in the presence of
temperature and moisture (SAG, 2013). The content of OM, pH, total N, and C/N ratio of the piles were within the normal
range for compost (NCh 2880; INN, 2015); however, it was mostly in its nitric form (Table 2). Both bokashi treatments
have very high levels of ammoniacal N, which is associated with the conversion of organic N into ammoniacal N by the
ammonification process during the first days of decomposition (Kalamdhad and Kazmi, 2009; Wang et al., 2013). In the

Figure 1. Evolution of physicochemical parameters in the composting process, with and without the addition of rock
phosphate. Evolution of pH (A), temperature (B), electrical conductivity (C), and moisture (D) during the composting
process.
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BP: Bokashi with 9% rock phosphate in the composting process; BK: bokashi without rock phosphate in the composting process.
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case of compost, this condition is associated with a product that has not been stabilized because high quality compost uses
the low level or absence of ammoniacal N as indicators, and it is recommended a maximum of 0.4% in the final product
(Kalamdhad and Kazmi, 2009). Salinity increases due to the release of soluble salts that occur through the decomposition
activity (Prasad et al., 2013), which is unfinished by reducing pile height and subsequently decreasing microbial activity.

The treatments had a significant effect (P < 0.05) only on the final content of OM, soluble P, and soluble Ca. Differences
in the OM and organic C content could be caused by the dilution factor because content during the preparation of BK piles
was 100 and 110 kg for 9% BP piles.

The soluble P and Ca contents were higher in BP, thus effectively improving the biofertilizer in terms of P and Ca
nutrition. This is due to the mineral contribution rock phosphate provides (Table 2).

During the bokashi preparation process, P solubilization from rock phosphate could have been present by lowering pH,
releasing protons associated with ammonium assimilation, such as the production of organic acids from the metabolism
of microorganisms (Yadav and Verma, 2012).

The same occurs with Ca, which increases its solubility when the medium is acidified, and also the complexation of
cations associated with insoluble phosphates by organic acids produced by microorganisms (Tallapragada, 2015).

Effect of bokashi on the chlorophyll index
Except the 10% added rock phosphate bokashi treatment (BRE10), all treatments differed from the control (B0). Table
3 shows an increase in the chlorophyll content in treatments with a higher bokashi rate, and BRM30 is different from all
the other treatments at the 10% bokashi rate and those at the 15% rate that did not add rock phosphate to the pot. This
can be because the amount of rock phosphate added to the pots was greater than the amount incorporated into the bokashi
piles during their preparation for its v/v ratio, and density of 3.07 g cm™ according to the Ecofos supplies, while the ratio
was w/w during the preparation. Furthermore, Farias et al. (2015) reported that a fertilizer with rock phosphate applied
directly to the soil increases the crop chlorophyll index compared with a control without fertilization and maintains levels
similar to one with soluble P fertilization. Abbasi et al. (2015) claim that the high content of OM plays an important role
in the solubility of P because it has the ability to form chelates. The OM and its microbial activity also produce acids
that help solubilize rock phosphate during its decomposition stage, and the moderately acidic pH of the soil can favor the
dissolution of rock phosphate (Alzoubi and Gaibore, 2012).

Soil with adequate amounts of OM, and the precise addition of N, P, and K, is transformed into increased chlorophyll
content (Lasmini et al., 2018; Contreras et al., 2019). Tuncay (2011) and Soltangheisi et al. (2013) indicate that increases
in chlorophyll can be related to higher absorption of N and P given the larger fertilizer rates.

Effect of bokashi on dry matter (DM) content
All treatments, except 10% bokashi without rock phosphate (BSR10), performed better than BO. The highest yield was
obtained with 15% bokashi + rock phosphate in the preparation (BRE15), followed by 10% bokashi + 9% rock phosphate

Table 2. Physicochemical analysis of bokashi prepared with and without rock phosphate and reference values for compost.

With rock Without rock Accepted values for
Evaluated parameter phosphate phosphate compost
Organic matter, % 30.23a 36.33b > 20
Organic C, % 16.80a 20.20b
Total N, % 1.16a 1.33a >0.5
Ammoniacal N (N-NH,), mg kg"! 2498.10a 2 454.05a <500
Nitric N (N-NO;), mg kg™ 0.20a 0.23a
C/N ratio 14.48a 15.25a <30
Ammonium/nitrate ratio 11 074.22a 10 669.78a <3
Soluble P, mg kg 79.50b 67.50a
Soluble K, mg kg™ 7969.33a 9066.33a
Soluble Ca, mg kg! 357.00b 179.00a
pH 7.82a 7.58a 5.5-8.5
CE,dS m’ 4.66a 4.85a

Different letters in the same row indicate significant differences according to Student-Fischer’s t-test (P < 0.05).
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Table 3. Effect of applying different treatments with bokashi on chlorophyll index, dry matter, foliar P, and remaining soil P.

Chlorophyll Remaining
Treatment index Dry matter Foliar P soil P
g % mg kg
BO 23.08a 0.77a 0.11a 4.77a
BRE10 27.0ab 3.88bc 0.13ab 8.79b
BSR10 28.5bc 2.18ab 0.14ab 8.72b
BRM10 30.4bcd 4.89¢ 0.13ab 9.39bc
BREI15 30.22bcd 5.48c 0.15ab 11.0cd
BSRI15 30.2bcd 3.72bc 0.13ab 11.37d
BRM15 32.4cde 4.07bc 0.14ab 10.43cd
BRE30 34.5de 3.5bc 0.16b 2331e
BSR30 34.56de 3.34bc 0.17b 21.71e
BRM30 35.85¢ 3.49bc 0.16b 22.17e

Different letters in the same column indicate significant differences according to Tukey’s test (P < 0.05).

BO: Control treatment; BRE10: 10% bokashi with rock phosphate in the composting process; BSR10: 10% bokashi
without rock phosphate in the composting process; BRM10: 10% bokashi without rock phosphate in the composting
process + 9% rock phosphate added directly to the pot; BRE15: 15% bokashi with rock phosphate in the composting
process; BSR15: 15% bokashi without rock phosphate in the composting process; BRM15: 15% bokashi without
rock phosphate in the composting process + 9% rock phosphate added directly to the pot; BRE30: 30% bokashi
with rock phosphate in the composting process; BSR30: 30% bokashi without rock phosphate in the composting
process; BRM30: 30% bokashi without rock phosphate in the composting process + 9% rock phosphate added
directly to the pot.

in the pot (BRM10) (Table 3). The DM production increased when biofertilizer was added; this remained constant when
the bokashi rate increased. These results concur with those reported by Boudet et al. (2015), who obtained a constant
performance with bell pepper when increasing the bokashi rate.

The increase in yields after fertilization can be attributed to higher amounts of soil P increasing biomass production
(Sarker et al., 2014). Muifioz et al. (2012) demonstrated that yields can decrease or stagnate when the biofertilizer rate is
increased compared with the highest values obtained with an optimal rate. This is because the high microorganism load
provided at a high rate competes with the plant for the existing mineral N for its development, leaving only organic N,
which slowly mineralizes to become available for the crop.

Effect of bokashi on foliar P content
Treatments with the 30% bokashi rate, BRE30, BSR30, and BRM30, exhibited the highest foliar P content, which was
different compared to BO (Table 3).

According to Havlin et al. (2013), most plants have a leaf P concentration in DM varying between 0.1% and 0.4%.
Foliar P content is close to the minimal range because the assay was carried out in the fall-winter season. According to
Yan et al. (2012), air temperature in winter can be high, while soil temperature can vary very slightly and remain around
10 °C; this means that nutrient absorption, especially P, can be inhibited because of low temperatures in the root zone.

Effect of bokashi on P remaining in the soil
There is a marked increase in the P levels remaining in the soil as the applied bokashi rate increases. Every treatment with
fertilization had a higher concentration of soil available P after harvest than the control (Table 3).

There were no apparent differences between the amount of P in BP in the preparation and BK, although the former showed
significant differences in its level of available P compared with BK. This could be because the 9% rock phosphate rate used
in the preparation of the improved bokashi was not sufficient to increase P availability in the soil mixture with bokashi.

Treatments at 30% bokashi, BRE30, BSR30, and BRM30, behaved in a similar manner and, as expected, exhibited
the highest levels of soil available P after harvest. According to Saldaiia et al. (2014), bokashi has a high index of active
mineralization, and they also report that the use of organic fertilizers maintains higher levels of soil available P than in a
control treatment.
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CONCLUSIONS

The addition of rock phosphate in the preparation process of bokashi had a positive effect by increasing the P and Ca
content of the biofertilizer.

The application of bokashi increased the chlorophyll index in parsley leaves, and the dry matter weight increased in all
the treatments with the bokashi application, except the 10% bokashi treatment without rock phosphate (BSR10). At the
30% rates, the three types of bokashi increased the foliar P levels of the parsley plants and soil P content.

Although the rock phosphate enhanced biofertilizer showed differences in P availability compared with the one without
rock phosphate, the analyzed parameters, such as chlorophyll index, dry matter, foliar P concentration, and remaining soil
available P in the pots did not vary according to the type of bokashi used, but only effectively responded to the different
applied rates.
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