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Abstract

Biofertilizers stimulate natural processes to increase and benefit nutrient absorption, abiotic stress tolerance and increased yield when
applied to plants. The production of biofertilizers from organic residues is a sustainable way to reduce these materials through recycling.
The aim of this work was to define the biofertilization management based on concentrations and doses using a non-commercial aerobic
biofertilizer on three newly emerged Brazilian lettuce cultivars. Consequently, this study will help to improve organic lettuces yields in
the country. The experiments were conducted in a greenhouse. The soil used for cultivation was a clayey Rhodic Ferralsol. Due to the
high electrical conductivity (EC) observed in the biofertilizer a first experiment was conducted to determine the optimum concentration
(0%, 5%, 10%, 15%, 20% and 100%) for the three lettuce cultivars (BRS Leila, BRS Lélia and BRS Mediterranea). After finding the best
concentration, a second experiment was developed to estimate the optimum dose of the biofertilizer based on the nitrogen
requirement (N) for this crop (0 kg ha of N, 50 kg ha™ of N, 100 kg ha® N, 150 kg ha™ N and 200 kg ha' N). The experimental design
was completely randomized (DIC) with a factorial scheme. The results showed that 5% concentration of biofertilizer presented better
results for the development of BRS Mediterrdnea and BRS Lélia. BRS Leila presented better development when fertilized with the 10%
biofertilizer concentration. The dose of 150 kg ha™ of N allowed a better development of lettuce and greater supply of nutrients to the
plants.

Keywords: Lactuca sativa. L, Hortibiog, Morpho-agronomic attributes; Electrical conductivity.
Abbreviations: EC_Electric conductivity; EM_Efficient microorganism; LN_Leaf number; FM_Fresh mass; SH_Steam diameter; DM_Dry

mass.

Introduction

The use of biofertilizers has become increasingly important in frequent and it is possible to consider a viable path for
the agricultural sector. In addition to provide nutrients for recycling, representing a sustainable opportunity for the
crops, they increase the productivity of onion (Abbasniayzare management of large quantities of waste (Xu and Gleen, 2018).
et al., 2012), rice (Kantachote et al., 2016), pepper (Oliveira et However, the use of biofertilizers in agriculture should be
al., 2014), barley (Islas-Valdez et al., 2015) and wheat (Fallah accompanied by appropriate management. Injury caused by
Nosratabad et al., 2017). They also present great potential to application of bovine biofertilizers, associated with saline
conserve soil health and quality, acting in the cycling of water or not, has been previously reported on lettuce and
nutrients and consequently on sustainability of the production maize (Hasaneen et al., 2009; Inoue et al., 2011). According to
systems (Bhardwaj et al., 2014). Manyuchi et al. (2013), consequences such as the reduction of
The biofertilizers are a group of substances from natural origin N and P availability may also be associated with the use of very
resulting from changes in organic compounds due to the high biofertilizer doses.

existing microbial action. This microorganisms present in the The increase in EC is especially important for crops susceptible
biofertilizers may be involved in several soil processes, such as to this variable, such as lettuce. Lettuce shows better
organic matter decomposition, soil structure maintenance and development when the EC is around 1 dS m* (Seo et al., 2009).
nutrient mobilization that contribute to better rooting of the An increase in EC can cause damage to the rhizosphere cell
plants (Schitz et al.,, 2018). The use of biofertilizers from wall (Munns, 2005) and imbalance nutrient absorption (Abou-
organic wastes of agro-industrial activities is becoming more Hadid et al., 1996), increasing the osmotic pressure of water in
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plant cells which causes reduced production (Alves et al.,
2017). Additionally, the genetic potential of cultivars with
different nutritional requirements should not be overlooked,
where some genotypes require fewer nutrients for their
cultivation. All aspects mentioned have an influence not only
on the productivity of agricultural crops, but also strongly
related to their environmental sustainability. This subject is
currently of great relevance.

Embrapa developed an aerobic biofertilizer containing raw
materials such as blood meal, rice bran, castor meal, bone
meal, crushed seeds, wood ash, concentrated sugarcane
extract and corn meal. This biofertilizer has been used in both
organic and conventional agriculture, especially in leaf
vegetables crops such as lettuce.

The hypothesis is that, the use of concentrated solutions of the
biofertilizer causes increase of electrical conductivity and
consequently damages the cultures. Therefore, it is necessary
to establish fertilization management to improve crop yields,
especially in organic agriculture. The effects of this biofertilizer
on different individual behavior of lettuce cultivars should be
better understood. All the above-mentioned aspects,
associated with the frequent heterogeneity of crop yields are
frequently observed in organic agriculture. They also require
better organic inputs management.

The aim of this work was to define concentrations and doses of
some biofertilizers and their management. For this purpose, a
non-commercial aerobic biofertilizer was applied on three
Brazilian lettuce cultivars, and consequently to improve
organic lettuce yields in the country.

Results and discussion

First experiment: Effect of different concentrations of aerobic
biofertilizer on three lettuce cultivars

For the fresh mass (FM), the factors biofertilizer concentration
and cultivar type interacted significantly (Table 1). Fresh mass
production in the cultivars BRS Lélia and BRS Mediterranea
was 354.38 to 361.25 g plant'1 at the concentration of 5%,
differing from the cultivar BRS Leila which had the highest
fresh mass, 327.3 g plant'1 at the 10% concentration. This
result may be related to a possible higher tolerance of salinity
present in BRS Leila, since the 10% solution had an EC of 3.2 dS
m™ while the 5% solution had an EC of 2.5 dS m™ This
information is suitable for future lettuce breeding studies.

For the leaf number (LN), a significant interaction between the
evaluated factors was also recorded. A higher number of
leaves were observed for the BRS Leila cultivar compared to
BRS Lélia and Mediterranea when fertilized with a solution
containing 10% of the biofertilizer. Again, this demonstrates a
possible better adaptation of BRS Leila to the aforementioned
concentration. Only BRS Leila presented higher LN when
submitted to treatment with the 10% biofertilizer solution. The
BRS Mediterranea cultivar presented better results when
fertilized with a solution containing 5% of the biofertilizer. In
turn, BRS Lélia presented different behavior, with better
results recorded for concentrations of 5%, 15% and 20%. It is
possible that this last result is related to possible experimental
errors or non-uniformity of the cultivar in question.
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For the dry matter (DM) there was no significant interaction
between the evaluated factors. Only the different biofertilizer
concentrations presented effects on this attribute (Table 2). At
the concentrations of 5 and 10%, higher DM values were
obtained.

In general, the extreme biofertilizer concentrations (0 and
100%) triggered the worst results for all evaluated morpho-
agronomic attributes. These results demonstrate that for the
evaluated cultivars the biofertilizer is a beneficial input for
lettuce nutrition, but in high concentrations the high saline
effect can limit development of this crop.

Xu and Mou (2015), worked on a group of 178 cultivars and
germplasm accessions after pre-selection from 3800 lettuce
genotypes. They verified a great difference in sensitivity to
salinization, confirming the relevance of potentially more
tolerant materials. In a previous study on romaine lettuce, the
existence of varieties less sensitive to high electrical
conductivity values of the substrate without compromising the
aerial part was observed (2.44 dS m'l), (Garmendia and
Mangas, 2014). Shannon and Grieve (1999) highlighted the
existence of differences between lettuce cultivars regarding
tolerance to saline media.

The analyzed phytotechnical variables were significantly
affected by application of the aerobic biofertilizer. In general,
the results indicate that the concentrations of 5 and 10% are
those most effective for the evaluated cultivars. Decreased
production at higher concentrations (> 15%) may be associated
with the high electrical conductivity of the biofertilizer. The
same behavior has been observed for other vegetables, such
as tomato, which presented reduced plant height and fewer
fruits when higher concentrations of biofertilizer produced
from algae extractd (Garcia-Gonzalez and Sommerfeld, 2016).
The higher biofertilizer concentrations induced negative
effects on development of the three curly lettuce cultivars and
the symptoms were similar to those noted in salinization
process and nutrient deficiency as murderous, tip burn and
root decay. This may be attributed to stress generated by
increased osmotic potential in the growth medium (Munns,
2005), which may have caused nutritional disturbances and
consequently low crop productivity (Grattan and Grieve, 1999).
These results are comparable to those obtained by Kohler et
al. (2009) who submitted lettuce to different levels of salt
stress, observing reduced growth and productivity with
increasing salt concentration. Turhan et al. (2014) also
obtained lower DM percentages when the EC of irrigation
water ranged from 3 to 6 dS m™. Values similar to those
observed for the different biofertilizer solutions were used in
the present study.

Nutrient absorption by the different curly lettuce cultivars was
affected by the difference of the biofertilizer concentrations
(p<0.05). For N, K, Ca, and S absorption there was a significant
interaction between the effects of the biofertilizer
concentration and the cultivars studied (Table 3).

The cv. BRS Leila presented the highest N accumulations at
concentrations of 5 and 10% (127.72 and 108.85 kg ha™,
respectively). The BRS Mediterranea showed similar behavior,
at higher levels of N absorption when solutions with
biofertilizer concentrations of 5 and 10% were used. However,
for BRS Lélia no differences in N absorption were observed in



response to the different biofertilizer concentrations.
Furthermore, among the cultivars BRS Lélia was that which
presented lowest N absorption when exclusively fertilized with
the 5% biofertilizer solution. The BRS Mediterranea cultivar
also showed lower N absorption when compared to the other
cultivars for fertilization with a solution containing 20% of the
biofertilizer.

Considering the effect of different concentrations on the
absorption of K and Ca by the genotypes, higher values were
observed when BRS Mediterranea when fertilized with a
solution containing 5% of the biofertilizer. The cultivar BRS
Leila presented higher Ca absorption values when fertilized
with solutions containing 5 to 20% of the biofertilizer,
demonstrating a potentially greater tolerance to the higher EC
values. However, no effect of biofertilizer concentrations on K
absorption was observed for the cultivar BRS Lélia. Regarding
the comparison between cultivars, a significant effect on K
absorption was observed only when the solution contained 5%
of the biofertilizer. In this case, the BRS Lélia presented
reduced absorption of this nutrient compared to the two other
materials tested.

Comparison between the biofertilizer concentrations used for
each of the cultivars showed that the absorption of S was
higher when solutions containing 5 and 20% of biofertilizer
were used on BRS Leila. The BRS Mediterranea presented
higher S absorption when the solution contained 5%
biofertilizer. No effect of the biofertilizer concentration on S
absorption by BRS Lélia was observed. Comparison between
the genetic materials showed that when a solution containing
5% of the biofertilizer was used, BRS Lélia showed the lowest
absorption of S when compared to the two other cultivars,
while the solution containing 20% of the biofertilizer resulted
in lowest absorption of this chemical element by BRS
Mediterranea.

Among the evaluated nutrients, only P and Mg showed no
significant interaction of concentrations and cultivars. Only
effects of the concentrations on absorption of these nutrients
were observed (Table 4). The results infer that the
concentrations of 5, 10 and 15% favored absorption of P, while
the concentration of 5% promoted greater absorption of Mg.

In general, it was possible to verify a strong influence of the
genotypes on nutrient absorption. It should be noted that BRS
Leila, presented the best productivity when fertilized with a
solution containing twice of biofertilizer concentration (10% vs.
5%), and promoted greater nutrient absorption in a wider
range of biofertilizer concentrations. This fact may be related
to a possible greater tolerance of this cultivar to salinization,
since the more concentrated solutions presented higher
measured EC values than less concentrated solutions. The BRS
Mediterranea  presented higher nutrient absorption
predominantly when the solution contained 5% biofertilizer.
The same concentration promoted better production indices
for this cultivar. Finally, the lack of a response from BRS Lélia
regarding nutrient absorption is noteworthy, even when the
absolute values are substantially different, which may be
related to greater non-uniformity observed for this cultivar
during the experiment.
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The results related to nutrient absorption by plants, with the
exception of N. Lopes et al. (2003) reported lower values on
five lettuce genotypes. These results may be related to a
slower nutrient supply potential of the biofertilizer when
compared with mineral fertilizers, while its long-term effect
may be more important, especially when producing very short-
cycle agricultural crops such as lettuce. However, there is
potential for better results, especially if fertilization
management is associated with improvements in the
production system with medium- and long-term experiments.
The low nutrient absorptions observed for the highest
biofertilizer concentrations, especially when the plants were
fertilized with the biofertilizer in natura (100%), which may be
related to saline stress. Previous studies have shown that
highly saline media can increase Na, K, Ca and Mg ratios,
leading to an imbalance in the absorption and translocation of
these nutrients (Munns, 2005).

The increased concentration of Na and Cl ions can lead to the
occurrence of N deficiencies due to the difficulty of absorbing
NO; ions (Grattan and Grieve, 1999). The absorption and
translocation of Ca*" and K in lettuce plants were decreased,
when they were subjected to saline environments (Kohler et
al., 2009). The same behavior was observed for P. In this case,
high salinity levels resulted in a decrease in transport of P
stored in the root vacuoles (Martinez et al.,, 1996). Grattam
and Grieve (1999) observed that the performance of lettuce
may be adversely affected by nutritional disturbances induced
by salinity, which consequently reduced the P concentration in
the plant tissue without presenting physical evidence of P
deficiency.

Second experiment: Effect of the different doses of aerobic
biofertilizer in the production of three cultivars of curly
lettuce

In general, the productivity values obtained in this experiment
were lesser than those obtained in the first one. These values
probably were influenced by the higher temperatures
registered and the generalized occurrence of sclerotinia rot at
the beginning of the experiment. No significant interaction was
observed between the cultivars and the doses evaluated on
the morpho-agronomic attributes of lettuce (Table 5). There
were also no effects of the cultivars on these attributes.
However, the biofertilizer doses significantly influenced the
development of lettuce, indicating alterations of the attributes
FM, DM and LN.

The biofertilizer dose corresponding to 150 kg hat of N
resulted in the highest values of FM, DM and LN; therefore,
this dose presented the best lettuce production results. Use of
the dose of 200 kg ha™ of N resulted in FM and LN values equal
to the dose of 150 kg ha® of N. However, the DM values
observed for the higher dose were lower than those, when the
150 kg ha™ was used. Dry mass is an important attribute since
it represents the solid content in the plant. The attributes of
stem diameter and height were not modified in function of the
different biofertilizer doses.



Table 1. Response of the fresh mass, leaf number, stem diameter and stem height of three curly lettuce cultivars subjected to five
different aerobic biofertilizer concentrations.

Hortbio 0 5 10 15 20 100
concentration %
FM (g plant'l)
Leila 138.60aC 198.15b B 327.33aA 22491a8B 221.85a8B 193.85aB
Lélia 178.67aC 354.38a A 217.63bC 278.05aB 264.33aB 215.63aC
Mediterranea 190.75a B 361.25a A 225.43b B 232.18a8B 198.05aB 173.50a B
LN
Leila 25.25a8B 29.75aA 31.75aA 27.75a8B 27.00aB 27.50aB
Lélia 24.75aB 30.50a A 27.25b B 30.50a A 29.25a A 24.75aB
Mediterranea 27.25a8B 34.25aA 26.50b B 26.25aB 27.25a8B 24.75aB
SD (cm)
Leila 1.88aB 2.10bA 2.36aA 2.02aA 1.88aB 1.62aB
Lélia 1.90a8B 2.05bA 1.78b B 2.23aA 2.05aA 1.66aB
Mediterranea 191a8B 2.42aA 1.72bB 2.05aB 1.89a8B 1.88aB
SH (cm)
Leila 3.50aB 45bB 5.50a A 437aB 450a8B 3.97a8B
Lélia 4.00aB 5.8aA 4.40bB 5.50a A 5.50a A 4.25a8B
Mediterranea 4.25aB 55aA 437b8B 4.62aB 425aB 3.38aB

Means followed by the same lower-case letter in the column and upper-case letter on the line do not differ by the Scott-Knott test (p<0.05).

Table 2. Response of the dry mass of three curly lettuce cultivars to five different aerobic biofertilizer concentrations.

Concentrations DM

% (g plant’l)
0 1494 b
5 21.10 a
10 17.96 a
15 17.88 a
20 1549 b
100 13.12 b
CV (%) 20.3

Means followed by the same lower-case letters are not different according to the Scott-Knott test (p<0.05).

Table 3. Absorption of nutrients in the three curly lettuce cultivars in response to different concentrations of an aerobic biofertilizer.
Hortbio 0 5 10 15 20 100
concentrations %

Absorption of nutrients

N (kg ha™)
Leila 33.78aC 127.72aA 108.85a A 86.41aB 77.85aB 83.80aB
Lélia 56.85a A 93.63bA 83.86a A 82.07aA 84.97aA 69.35a A
Mediterranea 59.83aB 109.70a A 88.77aA 76.00a B 51.53bB 64.52aB
K (kg ha™)
Leila 21.64a8B 43.80aA 31.18aA 36.54a A 33.73aA 25.55aB
Lélia 26.79a A 28.24b A 32.39aA 27.77 a A 32.56a A 26.19a A
Mediterranea 25.18aC 54.81aA 39.65aB 29.40acC 25.11acC 22.66aC
Ca (kg ha'l)
Leila 9.67aB 18.57aA 15.34aA 15.47aA 14.75aA 11.22a8B
Lélia 11.61aA 11.38b A 11.77 aA 11.84aA 12.86a A 9.25aA
Mediterranea 12.19a8B 18.63aA 13.05aB 13.03aB 10.21aB 9.19aB
S (kg ha'l)
Leila 2.26a8B 484aA 493aA 3.84aA 411aA 417aA
Lélia 3.09aA 3.86bA 3.39aA 3.94aA 3.85aA 3.05aA
Mediterranea 3.15aB 5.81aA 421aB 3.99a8B 2.36bB 3.02aB

Means followed by the same letters, lower-case in the column and upper-case on the line do not differ according to the Scott-Knott test (p<0.05).
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Table 4. Absorption of P and Mg by lettuce cultivars in response to different aerobic biofertilizer concentrations.

. Absorption of nutrients
Concentration

P Mg

% (kg ha™)

0 1.85 ¢ 2.19 ¢
5 411 a 3.26 a
10 3.49 a 277 b
15 3.36 a 273 b
20 269 b 233 ¢
100 261 b 2.08 ¢
CV (%) 28.32 20.02

Means followed by the same letters, lower-case in the column, do not differ according to the Scott-Knott test (p<0.05)

Table 5. Response of the fresh mass, dry mass, leaf number, stem diameter and stem height of the curly lettuce cultivated in five
different aerobic biofertilizer doses.

Biofertilizer doses FM DM LN SD SH

(kg N ha’l) (g pIanta’l) (cm)

0 90.60 ¢ 5.54 b 1330 b 142 a 5.26 a
50 98.12 ¢ 5.84 b 14.80 a 137 a 5.37 a
100 103.86 b 6.03 b 15.70 a 151 a 5.49 a
150 110.90 a 6.83 a 16.20 a 141 a 5.65 a
200 113.49 a 5.85 b 16.00 a 1.37 a 590 a
CV % 8.96 13.90 10.70 13.80 19.30

Means followed by the same letter, lower-case in the column do not differ according to the Scott-Knott test (p<0.05).

Table 6. Nutrient absorption by curly lettuce plants treated with five biofertilizer doses.

Biofertilizer doses N P K Ca Mg S

(kg N ha'l) (kg ha'l)

0 3739 b 1.20 b 14.65 a 5.86 b 0.98 a 1.90 a
50 40.64 b 1.36 a 16.66 a 6.65 b 1.09 a 211 a
100 4233 b 1.40 a 16.45 a 731 a 1.15 a 2.11a
150 49.99 a 1.47 a 18.60 a 7.66 a 122 a 232 a
200 4493 a 1.55 a 16.17 a 7.32 a 1.10 a 2.23 a
CV% 14.80 18.3 18.4 16.25 17.00 18.70

Means followed by the same letters do not statistically differ according to the Scott-Knott test (p<0.05)

Table 7. Soil chemical characteristics of both experiments.

Chemical characteristics Soil 1°" experiment Soil 2™ experiment
oM (g kg’ 18.7 21.4
P(gkg™) 0.0032 0.0038
K (g kg™ 0.278 0.259
Na (gkg?) 0.029 0.033
Ca (cmol, kg'l) 4.2 4.4
Mg (cmol. kg"l) 1.2 1.2

S (gkg™) 0.0121 0.0104
Al (cmol, dm™) 0 0

H + Al (cmol, dm™) 3.4 3.2

pH (H,0) 5.8 5.4

B (mg dm™) 0.07 0.07
Cu (mg dm'a) 1 1.2

Fe (mgdm?) 30.8 36.8
Mn (mgdm?) 71.6 60.9
Zn (mgdm?) 2.1 2.5

Table 8. Chemical characteristics of the biofertilizer Hortbio .

pH EC TN P K Mg S Ca B Cu Fe Mn Zn As Cd Ba Ni Pb
(H,0) (ds.m’) (gL (mg dm”)
6 5.45 43 0.2 1.4 0.9 0.23 2.6 1.5 126 1335 10.3 1.13 <0.01 <0.01 <0.01 <0.01 <0.01

TN: total nitrogen; EC: electrical conductivity.
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Table 9. Electrical conductivity of the aerobic biofertilizer quantified in solutions of different concentrations.

Hortbio concentration

%) 10 15 20 100
ECdSm™ 2.5 3.2 3.8 4 5.45

10.5 mL Hortbio 10.5 mL Hortbio 10.5 mL Hortbio~ 10.5 mL Hortbio 10.5 mL Hortbio~
Solution preparation + + + + +

220 mL H,0 110 mL H,0 70 mL H,0 50 mL H,0 0 mL H,0

Similar FM production values were observed by Baslam et al.
(2011) using mycorrhizal fungi for production of three different
lettuce cultivars. These authors obtained FM values ranging
from 87 to 150 g plant'1 using experimental conditions similar
to those of the present work. Hasan et al. (2017), tested
different nitrogen fertilizer doses also under similar conditions
and obtained a fresh mass weight of 115 g at 50 DAT for the
highest N dose (150 kg ha™). Chiconato et al. (2014), applied
bovine biofertilizer in crisp lettuce cv. Vera and reported
higher fresh mass values, around 308 g, when applied 90 m?
ha™ of this compound. The highest dose used in their work
(150 m’ ha'l) caused a decrease in production (290 g).
Chatterjee (2015) evaluated doses of vermicompost plus
biofertilizer on the production of iceberg lettuce and found
higher values for the fresh mass (412 g) and leaf number (18).
Colla et al. (2015) tested a biostimulant and found similar
weights of DM in romaine lettuce (4.8 g). Beninni et al. (2005)
compared hydroponic and conventional cultivation of curly
lettuce cv. Veronica and found values for fresh mass equal to
160g and 279g, and the DM weights varied from 6.81 g and
12.96 g for each production system, respectively.

Application of N doses of 150 and 200 kg ha™ of the
biofertilizer presented higher values of the FM, DM and LN
attributes, when compared to the control treatment. This
behavior has already been observed in other studies and
generally shows that the use of biofertilizer promotes greater
productivity in lettuce (Saeed et al., 2015), cucumber (Duc et
al., 2017), tomato (Colla et al.,, 2015) and strawberry
(PeSakovi¢ et al., 2013). In addition to the supply of nutrients,
growth promoting microorganisms (PGPR) is another factor
that can cause good results. They contribute to N fixation, P
solubilization, nutrient absorption and production of plant
hormones that encourage root system development (Schiitz et
al., 2018). Bomfim (2016) characterized the microorganisms of
Hortbio® and found a great diversity of bacteria, yeasts and
fungi, several of which were PGPR.

Regarding the effect of the cultivars and doses on nutrient
absorption, we observed that the interaction between these
two factors was not significant for any evaluated attribute
(Table 6). There was also no isolated effect of the cultivars on
absorption of the nutrients evaluated. However, the dose
factor had a significant effect on N, P and Ca absorption by the
lettuce plants. Absorption of K, Mg and S was not affected by
the different biofertilizer doses used.

The doses of 150 kg ha™ and 200 kg ha™ promoted N
absorption. Absorption of P was positively affected by
biofertilization, presenting the highest values when doses
between 50 and 200 kg ha™ were used. Values of Ca
absorption were higher when doses within a range of 100 and
200 kg ha™ of N were used.
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The results infer a potential positive relationship between
obtaining better production and nutrient absorption, especially
N, P and Ca. Flores-Félix et al. (2013), used a biofertilizer
inoculated with Rhizobium leguminosarum and found a
nitrogen concentration of 37.2 g kg’1 in plant tissue of romaine
lettuce. Farrag et al. (2016) tested different doses of
conventional fertilizer along with a foliar fertilizer and
recorded a concentration of 43.3 g kg'1 for this nutrient.
Resende et al. (2009) observed that N doses higher than 120 kg
ha' N applied to lettuce resulted in an increase in the N
concentration.

Busato et al. (2016) found higher levels of N in Guanandi
(Calophyllum brasiliense) seedlings fertilized with the same
biofertilizer in the present study plus a soluble humic extract.
These authors verified that biofertilizer enriched with organic
matter and microorganisms can alter the root exudation
profile of acids and other organic compounds of the guanandi
seedlings, increasing the supply of nutrients to the plant.

A beneficial effect of the use of biofertilizers on nitrogen
absorption, as well as an improved sunflower crop yield, was
observed by Shehata and El-Khawas (2003) when they tested
two biofertilizers (biogen and microben) on the sunflower
crop. The values obtained for concentration of the nutrients
are within the range considered suitable for this crop in the
harvest phase, from3to5g kg'l.

The biofertilizer used as a source of P in this crop provided low
P concentration and consequently low absorption (1.55 kg ha”
Y. Higher concentrations were observed (7 g kg'l) in lettuce
after the use of a biofertilizer based on Rhizobium
leguminosarium (Flores-Félix et al., 2013). In a hydroponic
system, Lopes et al. (2003) tested six lettuce cultivars and
found no significant differences between the different
genotypes and P accumulation, which was higher than that
found in the present study (3 kg ha’l). Studies developed by
Kano et al. (2011) indicated that the highest P demands for the
cultivar of crisp lettuce cv. Verdnica are recorded in the
tasseling and flowering stages (49 to 69 DAT) that are not
observed in the present study.

Khosravi et al. (2017) evaluated the P absorption of different
sources of organic and mineral P plus vermicompost and
biofertilizer. They emphasized that the use of this product can
change the chemical forms of inorganic phosphorus, which in
this case caused an increase in P absorption by the plant.
Bhadoria et al. (2009) tested the efficiency of P absorption by
corn and peanut subjected to solutions with different rates of
P availability, attributing the higher P absorption efficiency to
the root system.



Materials and methods
Plant materials

Three emergent cultivars of curly lettuce: BRS Leila, BRS
Mediterranea and BRS Lélia were provided by Embrapa
Vegetables. The lettuce plants were sown in trays of expanded
polystyrene of 128 cells, conditioned in a greenhouse. The
seedlings were transplanted 25 days after sowing in pots
containing a volume of 0.5 dm” of soil for each experiment.

Location and description of the study area

The experiments were carried out during sequential periods.
The first experiment was carried out from June to August 2017
(in the winter, mean air temperature 20.3 °C) and aims to
determine the optimum concentration of the biofertilizer for
each lettuce cultivars used because its high EC values would be
causing damages to lettuce plants. The second one was carried
out from September to October 2017 (in the spring, mean air
temperature 24.3 °C) and aimed to determine the optimum
dose of the biofertilizer for each lettuce cultivar. The doses
proposed to evaluation were determined on biofertilizer N
contents because this nutrient is commonly used to define
fertilization recommendation in organic agriculture. Both
experiments were conducted in a greenhouse located at
Embrapa Hortaligas, Brasilia - DF, Brazil, whose geographic
coordinates are: 15°46 47" S, 47°55'47" W and 1171 m
elevation.

The substrate used for cultivation was prepared from a
mixture of a clayey Rhodic Ferralsol (Embrapa, 2013) and rice
straw. The Table 7 shows the characteristics of the initial soil
technique for each experiment.

Preparation of the aerobic biofertilizer

The biofertilizer used in both experiments, whose formula is
freely available to the producer and was considered a non-
commercial product called Hortbio®, was produced in a plastic
tank with capacity of 100 L. The materials used in biofertilizer
production were: blood meal (1.1 kg), rice bran (4.4 kg), castor
meal (1.1 kg), bone meal (2.2 kg), crushed seeds (1.1 kg), wood
ash (1.1 kg), rapadura (concentrated sugarcane extract) (0.55
kg) and corn meal (0.55 kg), enriched with 1 L of the Efficient
Microorganisms (EM). At the end non-chlorinated water was
added to a final volume of 100 L. The final mixture was stored
in a shaded and cool place with aeration for 15 min every hour,
with the aid of an air compressor and a timer.

Irrigation system

The irrigation system for both experiments was designed to
uniformly replenish water for all treatments, so that a
previously determined water volume was applied manually.
For this, five pots containing 0.5 dm?® of soil were weighed.
Irrigas® sensors (15 kPa) were installed at 3 cm deep in two
pots per treatment. Subsequently, water was added until the
field capacity of the soil was reached, and the weight was
again recorded. The amount of water needed from irrigation
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was defined by the difference in mass between pots containing
soil at field capacity and soil in a condition immediately prior to
the Irrigas® reading which indicated the need for irrigation.

Conduction of first experiment: Different concentrations of
aerobic biofertilizer applied to three cultivars of curly lettuce

This experiment sought to evaluate the influence of the high
electrical conductivity observed in the concentrated
biofertilizer on crop development. The treatments were
established in function of the N requirement for lettuce
cultivation, which is 150 kg ha™ of N (Fontes, 1999), to reach a
production of 21 tons per hectare. From the N content of the
biofertilizer (Table 8) and the volume of soil contained in the
pots, a calculation was performed to determine the volume to
be added. This volume then was diluted in different volumes of
non-chlorinated water, generating solutions with biofertilizer
concentrations of 0%, 5%, 10%, 15%, 20% and 100% (Table 9).
For each concentration, the volume of solution was applied
integrally to each pot, ensuring that the recommended N
demand for the crop applied in different treatments. The
solutions were prepared at the time of application, which were
always in the morning. In each pot, the solutions were applied
around the base of the plant.

Experimental design and statistical analyses

The experiment was set up in a completely randomized design
with four replications. A 3 x 6 factorial scheme was used (three
lettuce cultivars: BRS Leila, BRS Mediterrdnea and BRS Lélia
and six biofertilizer concentrations: 0%, 5%, 10%, 15%, 20%,
100%). Normality of the data was then tested and the data was
submitted to analysis of variance (ANOVA) by the F-test at 5%
probability. The averages were compared by the Scott-Knott
test at the same level of significance (P < 0.05).

Conduction of second experiment: Different doses of aerobic
biofertilizer applied to three cultivars of curly lettuce

In this experiment, the effects of different biofertilizer doses
on three cultivars of curly lettuce were evaluated. These doses
were defined based on the supply of N by the biofertilizer. The
doses were: 0, 50, 100, 150 and 200 kg ha™ of N, calculated
according to the N content in the biofertilizer (Table 8). The
first biofertilizer application was performed six days after
transplantation.

Experimental design and statistical analyses

This experiment also was set up in a completely randomized
design with four replications. Different doses were tested using
a 3 x 5 factorial scheme (three lettuce cultivars: BRS Leila, BRS
Mediterranea and BRS Lélia and five N doses: 0, 50, 100, 150
and 200 kg ha™ of N). Normality of the data was then tested
and the data was submitted to analysis of variance (ANOVA) by
the F-test at 5% probability. The averages were compared by
the Scott-Knott test at the same level of significance (P < 0.05).



Laboratory analyses and
experiments

irrigation system for both

The agronomic attributes evaluated were: leaf number (LN),
fresh mass of the aerial part (FM), stem height (SH) and stem
diameter (SD). For determination of the dry mass (DM), the
samples were washed with distilled water. Then they were air
dried and placed in a paper bag. Afterwards, they were placed
in a forced air circulation oven at 65 °C for 72 h until reaching a
constant mass. The dried plants were then weighed on a digital
scale with accuracy of 0.1 g. The dried samples were ground in
a Willey-type stainless steel mill, sieved and stored in glass jars.
The method used to determine the macro (P, K, Ca, Mg, S) and
micronutrients (B, Fe, Mn) in leaf tissue was nitro-perchloric
wet digestion described by Malavolta et al. (1997). For this,
500 mg of tissue sample was mixed with 8 mL of HNO3, 2 mL of
HCl and 2 mL of H,0, for digestion in a microwave oven.
Subsequently the digested samples were analyzed by
inductively coupled plasma optical emission spectrometry -
ICP-OES. After each set of 20 samples, a standard Fluka
Multielement solution (10 mg L’l) was used as a reference for
calibrating the equipment. The quantities of accumulated
nutrients were obtained by the ratio between the content of
each nutrient and the dry mass of the sample. The total N
content was obtained by digestion with sulfuric acid and
hydrogen peroxide, according to the Kjeldahl method
(Bremmer, 1996).

Conclusion

The cultivar BRS Leila presented greatest tolerance to the use
of higher biofertilizer concentrations, presenting better results
when fertilized with a solution containing 10% biofertilizer,
which may be related to a possible greater tolerance to this
abiotic stress or more demanding in the nutrient requirement.
This information may support the planting of these cultivars in
regions with salinity, such as arid, semi-arid and often flooded
regions. The cultivars BRS Mediterranea and BRS Lélia
presented best development when biofertilized with a 5%
solution. Solutions containing 5% or 10% of the biofertilizer
tended to induce greater nutrient absorption by the plants.
The dose of 150 kg.ha'1 promoted greatest productivity of the
curly lettuce cultivars. Higher biofertilizer doses promoted
increased absorption of nutrients such as N, P and Ca.
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