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ABSTRACT

The objective of this study was to evaluate the effects of boiled chicken manure doses (via fertigation), bokashi and Penergetic bioactivator
on radish-arugula intercropping production variables. The treatments were control, Penergetic, Bokashi (9 g per plant), and boiled chicken
manure (BCM) on 2.5, 5.0, 7.5 and 10% concentrations in water, for fertigation. The following variables were analyzed: leaf biomass
(LB), leaf length (LL), for both plants. Bulb fresh biomass (BB) and bulb volume (BV) variables for radish only. A completely randomized
design with nine replicates was used for first and second crop cycles, and five replicates, for third crop cycle. All production variables were
influenced by the treatments, except radish LL, on third cycle. Bokashi increased production variables of arugula and radish. Penergetic
increased radish bulb biomass (two cycles, only) and bulb volume. BCM increased arugula biomass at 10% and radish bulb biomass at

7.5% on three crop cycles, and with BCM concentration at 5, 7.5% and 10% bulb volume was increased (two crop cycles, only).
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INTRODUCTION

Sustainable practices which allow high productivity, food
free of pesticides residues, reduced costs for growers
and low impacts on environment are now priority area in
agriculture production systems. One of the most impactful
agricultural practices is the soil fertilization. The over-
fertilization, commonly observed on horticultural crops,
lead to waste of nutrients by leaching or volatilization (Zhao
et al., 2019), and in most of cases increases diseases and
pests incidence. Then, even with organic fertilizations, a
rational utilization of resources is needed for a sustainable
crop production.

Several studies have shown the organic source effects on
radish or arugula development. Earthworm compost used
in radish increases root biomass, compared to cattle manure
(da Silva et al., 2006). On the other hand, in this cited
study, radish plants fertilized with cattle manure presented
higher root diameter (18.71 mm) and volume (2.50 dm’
per plant) compared to earthworm compost 17.29 and
2.09, respectively. Cattle manure alone or combined with
filtercake provided a higher yield for arugula (Salles et al.,
2017). Arugula fresh weight was higher for poultry litter

fertilized plants than cattle manure, with 40 and 24 T ha!
vield, respectively (Peld et al., 2017). Poultry litter also
increased corn yield and soil fertility on a sandy soil (Barros
etal., 2017).

The biofertilizer used as fertigation or foliar spray is one
of the mostimportant nutrient sources for organic farmers
and its efficacy has not been yet well stablished. Foliar
spraying of “Supermagro” biofertilizer increased number
of fruits and total production of three strawberry varieties
(Mazaro etal., 2013). In a study conducted with two lettuce
varieties, were not observed fresh biomass or plant diameter
improvements with foliar application of biofertilizer
(Roel et al., 2007). On the other hand, biofertilizer used in
fertigation drastically reduced the fresh biomass, number
of leaves and foliar area in lettuce (Dias et al., 2009).

Bokashi is an organic amendment obtained by fermentation
of manure and straws, rich in “efficient microorganisms”
(EM), which increase the crop yield and protect the plant
against pests and diseases (Higa and Wididana 1989).
Vegetative growth of lettuce was significantly increased
(Ferreira etal., 2017; Goulart et al., 2018) and reductions on
Meloidogyne javanica infestation were observed with Bokashi
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application in lettuce (Ferreira et al., 2017). Bokashi and
EM fertilizations increased fresh and dry matter of broccoli
(Brassica oleracea 1. var. italica) (Peralta-Antonio et al., 2019).

Also, the cabbage (Brassica oleracea L. var. capitata) yield was
increased (Xavier et al., 2019).

There are few studies with soil bioactivation with
Penergetic. An increase of 7 and 21% for common bean
yield, for first and second production cycles, respectively,
were achieved with Penergetic K and P (Cobucci et al.,
2015). Increase of number of green beans pods, soybean
(Penergetic K, only) and sugar beet yield were observed
with Penergetic treatments (Jakiene et al., 2009; Brito etal.,
2012; de Souza et al., 2017).

Chicken manure from intensive production farms is available
in large amounts and may become a chemical and/or
biological soil pollutant source if it is not correctly utilized.
Farmers used to apply this manure as fertilizer; however, in
Brazilian’s organic production legislation the fresh manure
use in leaty vegetables is restricted. Then, for reducing the
abovementioned risks and for reusing of natural resources,
chicken manure with thermal treatment may be used as an
alternative for plant fertilization. In the present study, the
boiled chicken manure (BCM), from laying hens, diluted
in water was suggested, as fertigation option for organic
farmers. Organic strawberry farmers have been using this
approach (Galina et al., 2013); however, studies on other
crops are still incipient. The greater advantages for BCM
are: low-cost fertilization and its preparation is faster than
biofertilizer (commonly fertilizer used in Brazilian organic
farming), which demands at least one or two months, while
BCM is ready to use in less than one-work day.

Thus, the objective of this study was to evaluate the effects
of boiled chicken manure doses (via fertigation), Bokashi
and Penergetic bioactivator on radish-arugula intercropping
production variables.

MATERIALS AND METHODS

The experiments were conducted in three productive
cycles, from February 2016 to December 2016, in a
greenhouse located at Universidade Estadual de Londrina,
PR (23°19°44.5” S 51°12°17.1” Wj; 585 m), under organic
management according to organic vegetable production
Rule 10.831/2003 (Brazil, 2003) and inputs allowed by
Normative proceeding 46/2011, regulated by Normative
proceeding 17/2014 (Mapa, 2011; Mapa, 2014).

Arugula seedlings were transplanted on March 1°,
September 6™, and November 4*, 2016 and harvested on
April 1%, October 7%, and December 2, 2016, for the first,
second and third cycles, respectively. Radish seeds were sown
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one week before rocket transplanting. Plants were grown on
double line spaced 0.10 m and within a line 0.20 m.

The substrate constituted a mixture of 16 L of soil, 10 L.
of sand, 9 kg of composted chicken bed, 1 kg of natural
phosphate “Yoorin Master 17, 250 g of hydrated lime and
11 L of charred rice husk, for three cycles. Soil was a Red
latosol (72.5% clay; 20.2% silt and 7.3% sand; pH H,O= 5.90;
P=4.00 mgdm?; K*=0.25 cmol_dm?; Ca**= 4.0 cmol_dm;
Mg**= 1.5 cmol_dm™; AI*= 0.0; H+AI*= 2.60 cmol_dm?;
and organic matter - OM= 2.20%). The substrate was
packed in gutters (0.15 x 2.40 m), bent to a 45° angle, and
sealed with plastic at the ends (Claro, 2013). The gutters
were kept on benches 0.70 m high.

Treatments (Fig. 1) were: Control (water only); 200 g per
gutter (9 gper plant) of Bokashi compost (N=37.67 gkg'; P=
14.36 g kg'!; K= 21.01 g kg''; Ca™= 12.00 g kg'!; Mg™=
8.80 g kg') in two applications: 15 days before (100 g) and
15 days after (100 g) arugula transplanting; bioactivator
Penergetic ® K formulation (1.5 g L") applied to the
substrate before planting and Penergetic® P (1.5 g L")
sprayed on the plants 14 days after transplanting; and
boiled chicken manure (BCM) on 2.5, 5.0, 7.5 and 10%
concentrations in water, for fertigation. BCM were applied
by fertigation once a day. BCM was prepared by boiling
30 kg of laying hens manure in 200 L of water for a period
of 4 h. The solution was then homogenized before being
using. Chemical analysis shows the following composition
for pure BCM, after boiling process: N= 3.80 g kg'; P=
0.01 gkg!; Kf'=0.002 g kg!; Ca™= 0.31 g kg and Mg"=
0.11 g kg,

The following variables were analyzed: leaf biomass (LB),
leaf length (LL), for both plants. Bulb fresh biomass (BB)
and bulb volume (BV) variables for radish only.

A completely randomized design with nine replicates was
used for first and second crop cycles, and five replicates,
for third crop cycle. To verify the assumptions for analysis
of variance, tests of variance homogeneity (F-test) and
normality (Shapiro-Wilk test) were performed. If the
assumptions were not met, then the data were square-root
transformed. Analysis of variance was performed, and
means were compared by Tukey’s test (p<<0.05). BioEstat
5.0 (Ayres, 2007) and SASM-Agri software packages
(Canteri et al., 2001) were used.

RESULTS

All production variables were influenced by the treatments,
except radish LL, on third cycle. For arugula, on Bokashi
and BCM 10% treatments, LB obtained the higher means,
for the three cycles (F: 50.68, 77.61, 6.86; p<0.05, for first,
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Fig 1. Arugula-radish intercropping submitted to four doses 2.5 (A), 5 (B), 7.5 (C), and 10% (D) of boiled chicken manure (BCM), control (without
fertilization) (E), Penergetic (F) and Bokashi (G) fertilization, cultivated in gutters in a greenhouse. Londrina, Brazil, 2016.

second and third cycles, respectively). For arugula LL,
Bokashi obtained the higher means for the three cycles
(F: 45.99, 44.61, 8.90; p<0.05, for first, second and third
cycles, respectively); BCM 10% LL were higher than control
treatment on cycle 3, only.

Radish LB were higher for Bokashi, BCM 5, 7.5 and 10%,
compared to control on cycle 1 and 2 (F: 31.70, 8.95;
p<0.05, for first and second cycles, respectively); Penergetic
also obtained higher values than control mean, but only on
cycle 2. For cycle 1, Radish LL were higher for Bokashi,
BCM 5, 7.5 and 10%, compared to control (F: 41.51,
p<0.05); for cycle 2, that variable was higher for Bokashi,
BCM 5 and 7.5%, compared to control (F: 11.27, p<0.05).
All treatments obtained higher than control mean for BB
variable on cycle 1, with highest mean on Bokashi treatment
(F: 43.13, p<0.05). For second cycle, BB were higher for
Bokashi, Penergetic, BCM 5 and 7.5%, compared to control
(I 5.20, p<0.05). For third cycle, BCM 10% obtained
higher mean, compared to control (F: 17.72, p<0.05). For
first cycle, radish BV were higher for Bokashi, Penergetic,
BCM 5, 7.5 and 10%, compared to control (F: 10.29,
p<0.05). For second cycle, Bokashi, Penergetic, BCM 5
and 7.5% obtained higher means than control (F: 6.00,
p<0.05). For third cycle, Bokashi, Penergetic and BCM
10% obtained higher means than control (F: 11.30, p<0.05).

DISCUSSION

The present study shows that Bokashi promoted the greater
benefits for both radish and arugula production variables
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for the three cycles (Tables 1, 2 and 3). Penergetic effects
were more pronounced in radish than in arugula. Among
BCM doses, for arugula, LB was influenced by the highest
dose, only. For radish results often varies, however, for BB
and BV, in general, 7.5 and 10% BCM presented the highest
means, and for LB and LL variables, in general, 5, 7.5 and
10% BCM presented higher than control means.

Studies on lettuce and arugula intercropping showed
a higher plant height, number of leaves, fresh and dry
biomass for organic arugula fertilized (with EM and other
organic compounds) compared to arugula submitted to
chemical fertilization; the same trend were observed for
lettuce production variables (Oliveira et al., 2010). EM
Bokashi prepared with goat or poultry manure presented
a higher radish tuber yield and diameter than control or
recommended non-organic fertilizations (Suthamathy
and Seran, 2013). For lettuce, Bokashi fertilization
promoted higher fresh biomass, head diameter and yield
(Goulart et al., 2018). Bokashi is an organic amendment
very rich in N, P and K nutrients, which are essential
to plant development. The high diversity of benefic
microorganisms presented in Bokashi may benefit radish
and arugula production variables as observed on the
present study. However, more studies are necessary to
explain what role Bokashi plays in soil fertility in terms
of N availability and crop improvement (Quiroz and
Céspedes, 2019).

The Penergetic increases were only observed on radish
bulb variables (Table 3). There are few studies with that
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Table 1: Mean (+Standard Error of Means) leaves biomass (LB) (g) and leaves length (LL) (cm) in arugula cultivated under organic
management and submitted to different concentrations of boiled chicken manure (BCM), Bokashi and Penergetic in a greenhouse,
during three crop cycles. Londrina, Brazil, 2016

Treatment LB LL
Cycle 1 Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3

Control 3.02+0.47 4.00+0.80° 7.36+1.89° 19.67+1.23° 22.50+3.30*° 22.67+3.08°
BCM 2.5% 2.89+0.35% 4.41+0.58¢° 9.49+2.31%° 20.13+1.73° 22.72+1.37™ 24.25+2.71°
BCM 5% 2.78+0.56 5.23+0.94%° 10.47+2.43%° 19.78+1.56° 21.17+3.02° 26.63+2.26"
BCM 7.5% 3.64+0.91%° 5.57+0.85 8.67+1.95 21.50+1.85° 25.00+1.37° 23.38+2.83°
BCM 10% 4.13+0.96° 6.17+0.81° 13.05+3.20% 21.38+1.30° 23.56+2.59 28.38+2.26%
Penergetic 2.45+0.69¢ 4.16+0.97¢ 7.81+1.17¢ 20.11+1.45° 21.50+1.60° 24.75+3.06%
Bokashi 7.54+0.812 12.19+1.572 11.55+1.37% 32.14+3.08° 35.44+1.362 30.50+1.772
CV 18.87 16.33 21.83 8.17 9.09 10.07

= 50.68 77.61 6.86 45.99 44.61 8.90

CV: Coefficient of variation; Means followed by the same letter in the same column did not differ significantly from each other (Tukey test, P>0.05)

Table 2: Mean (+Standard Error of Means) leaves biomass (LB) (g) and leaves length (LL) (cm) in radish cultivated under organic
management and submitted to different concentrations of boiled chicken manure (BCM), Bokashi and Penergetic in a greenhouse,
during three crop cycles. Londrina, Brazil, 2016

Treatment LB LL
Cycle 1* Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3

Control 9.74+2.93¢ 9.56+1.67¢ 18.80+1.30% 18.78+1.37¢ 19.06+1.81° 16.60+1.342
BCM 2.5% 14.72+3.70% 12.67+4.12 17.00+2.34° 21.89+3.06% 19.39+2.45° 17.00+2.357
BCM 5% 19.68+4.44%* 18.89+3.76% 19.20+2.28% 25.33+2.06" 23.83+1.622° 19.20+2.28°
BCM 7.5% 26.04+6.48° 17.56+5.36%>° 18.20+2.59%° 27.89+2.37° 22.44+3.28% 17.20+1.482
BCM 10% 16.79+4.98° 14.89+2.673>° 22.70+3.12 22.89+1.90% 21.22+1.56% 20.40+1.522
Penergetic 15.82+4.18¢° 13.56+2.7904 17.40+1.52° 19.89+1.36% 19.28+1.68° 17.40+1.522
Bokashi 40.20+8.792 20.44+5.732 17.60+2.88° 33.22+3.422 24.94+1.842 17.60+2.882
CV 11.98 11.93 12.69 9.63 9.86 11.08

F 31.7 8.95 3.3 41.51 11.27 2.38

CV: Coefficient of variation; Means followed by the same letter in the same column did not differ significantly from each other (Tukey test, P>0.05). * Square root

transformation of the data was performed

Table 3: Mean (+Standard Error of Means) bulb fresh biomass (BB) (g) and bulb volume (BV) (cm?) in radish cultivated under
organic management and submitted to different concentrations of boiled chicken manure (BCM), Bokashi and Penergetic in a
greenhouse, during three cycles. Londrina, Brazil, 2016

Treatment BB BV

Cycle 1* Cycle 2 Cycle 3 Cycle 1* Cycle 2 Cycle 3*
Control 18.23+4.18¢ 12.67+7.42° 12.80+4.82 93.68+25.32¢ 98.92+62.50° 90.48+48.00°
BCM 2.5% 33.72+8.44° 18.89+8.84% 10.20+6.65° 171.07+59.29% 231.25+110.69% 109.64+58.26°
BCM 5% 39.52+5.48° 32.89+14.36%° 21.60+13.22 275.59+86.26%° 312.75+152.202 174.25+120.14"
BCM 7.5% 58.88+11.16° 35.78+15.44% 30.40+11.26° 312.30+£141.28% 319.85+125.892 186.73+43.19%
BCM 10% 44.07+10.98° 26.89+10.06°° 61.40+8.822 288.56+149.40%¢ 228.79+105.57% 563.09+135.64°
Penergetic 40.76+8.06° 31.11+£9.44% 29.60+7.40° 212.70+73.66%° 272.66+86.192 375.21+167.36%
Bokashi 87.66+19.212 38.44+16.972 24.50+8.05% 366.64+115.98?2 368.11+81.642 311.65+146.09%
CV 9.46 43.71 33.05 18.12 40.94 22.70
= 43.13 5.20 17.72 10.29 6.00 11.30

CV: Coefficient of variation; Means followed by the same letter in the same column did not differ significantly from each other (Tukey test, P>0.05). * Square root

transformation of the data was performed

soil bioactivator in literature. Previously, sugar beetroot
yield was increased by 17.2% with Penergetic (Jakiene
et al., 2009). Common bean yield was increased with
Penergetic bioactivator (Cobucci et al., 2015). On the
other hand, soybean physiological variables (seedling
length, weight of 1000 seeds, green and dry matter of
plants) were not affected by bioactivator (de Camargo
et al., 2018). These shows that results with bioactivator
may vary and more studies to confirm its efficacy in
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increasing crops yield or production variables must have
to be realized.

BCM is not as rich as Bokashi in nutrient content, which may
explain the greater response, mainly observed on arugula,
in favor of Bokashi. On the other hand, the advantage for
BCM s the low production costs for preparing this product.
Farmers which have chicken rearing could collect its manure
and produce BCM with no additional cost.
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CONCLUSIONS

Bokashi increased arugula and radish yields. BCM increased
arugula biomass at 10%. BCM concentrations increased
radish bulb biomass at 7.5% on three crop cycles and at 5,
7.5% and 10% bulb volume was increased (two crop cycles,
only). Penergetic increased radish bulb biomass (two crop
cycles, only) and bulb volume.
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