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1. Introduction

The lettuce (Lactuca sativa L.) is one of the most important leafy vegetables in
Brazil, belonging to the Asteraceae family, being cultivated and consumed
throughout the country [1]. As a result, the production of quality seedlings is a
determining factor for the success of any enterprise related to cultivation.

The production of seedlings is a technique used by the producer to reduce the
harvest time, thus increasing the number of productive cycles per year, conse-
quently allowing better utilization of the area and greater financial return [2].
However, malformation of seedlings reduces the initial growth of plants in the
field, affecting the crop yield and limiting the genetic potential of cultivars [3].

Some techniques favor the production of quality seedlings, such as water
availability with good quality, cultivation in appropriate places or in greenhous-
es, use of substrates and containers for this purpose. In addition, other ecological
and economic alternatives can be adopted for the quality of seedlings, such as
the use of humic substances and growth promoting bacteria [4]. The use of
growth promoting and nitrogen fixing bacteria that may benefit the initial de-
velopment of plants by several factors, such as nitrogen fixation, root develop-
ment improvement among others are good techniques for lettuce culture [5].

Some researchers have demonstrated the influence of humic acids on plants,
such as the promotion of rooting [6], the growth and development of root and
aerial structures, as well as crop productivity and quality [1], with potential gain
in economic income for the producer [4]. Its use as a biostimulant can attenuate
the effect of potentially toxic substances, promoting improvements in the physi-
cal and biological conditions of the medium, improving the absorption of nu-
trients, and inducing changes in several metabolic processes, such as in the pro-
ton pump activity affecting the potential of membranes, on glycolysis and Krebs
cycle, the release of molecules with hormonal activities, such as auxin, cytokinin,
gibberellin and polyamines [7] [8].

The increase in crop production can be optimized through the use of a bio-
fertilizer with prokaryotic microorganisms, capable of fixing atmospheric ni-
trogen in the soil and make it available to plants [9]. The mixture of humic sub-
stances associated with growth promoting bacteria shows positive results in the
development of various crops such as corn [7], wheat [10], tomato [11] and let-
tuce [4].

However, the success in the combined use of these compounds is dependent
on several factors, such as the crop in which the substance is used, the dilution

applied and the origin of the humic substances used [11] [12]. Therefore, studies
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focusing on the definition of humic acid doses in lettuce cultivation are impor-
tant tools for the successful application of these substances combined with
growth promoting bacteria.

The objective of this study was to verify the responses in agronomic and phy-
siological characters of lettuce seedlings when they are submitted to different
doses of humic acids and the presence or absence of inoculation of the bacte-

rium Azospirillum brasilense.

2. Material and Methods

The experiment was carried out at the Protected Cultivation Station and Biolog-
ical Control Teacher Mario César Lopes, belonging to the Experimental Station
Nucleus of the State University of the West of Parana (UNIOESTE), University
campus of Marechal Cindido Rondon, Parana. The location coordinates are la-
titude 24°3329.44"S and longitude 54°02'43.37"W and with an altitude of 411
meters, in relation to sea level. According to the classification of Koppen the
climate of the region is mesothermal type Cfa humid subtropical of dry winter,
with rains well distributed throughout the year and hot summers [13]. The an-
nual mean temperature is between 295.15 to 296.15 K and the mean annual pre-
cipitation total of 1600 to 1800 millimeters [14]. Regarding the temperature in-
side the greenhouse during the experiment period are presented in Figure 1.

The experimental design was a randomized block design, in a 5 x 2 factorial
scheme, with four replications, totaling 40 plots and being evaluated the results
of the separated factors and the interaction between them. The first factor con-
sisted of five solutions containing humic acid (100%, 75%, 50%, 25% and 0%),
the dilutions were obtained by proportionally using the content in milliliters of
humic acid with distilled water, extracted from an oxisol cultivated oat and han-

dled in livestock farming systems integration, obtained through the differential
315
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Figure 1. Temperature day and night in the year 2017 inside the greenhouse in the muni-
cipality of Marechal Candido Rondon-PR.
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solubility technique established by the International Society of Humic Sub-
stances [15] and adapted by Benites et al [16]. The second factor was the pres-
ence or absence of bacteria diazotrophic A. brasilense, obtained by commercial
product the basis of strains AbV5 and AbV6, containing 2.0 x 10° colony form-
ing units per ml.

The seedlings production was carried out in trays of expanded polystyrene
with dimensions of 0.34 x 0.68 x 0.06 m of width, length and height, respective-
ly. Each tray has 200 cells with a volume of 40 cm® and is used to fill commercial
substrate with the composition based on pines bark, peat, coal and vermiculite.
These were kept in greenhouse, with arched ceiling, coated with low density po-
lyethylene film (150 p thick) and protected sides with white screen of 40% shad-
ing.

The implementation of the experiment started on 09/20/2017 and lasted 30
days. The lettuce cultivar employed was Grand Rapids, curly type, and at the
time of sowing a seed was used in each cell of the tray. The inoculation with the
humic acid occurred by applying it directly on the seeds, inside plastic bags, with
subsequent vigorous stirring for two minutes for a homogeneous distribution of
the product on the seeds. The dose of 5 ml of the commercial product was used
for inoculation with diazotrophic bacteria, also inside plastic bags, with subse-
quent vigorous stirring for two minutes for a homogeneous distribution of the
product in the seeds. The seedlings were submitted to manual irrigation with ir-
rigators, being carried out in three daily applications, according to the need of
the seedlings.

For the germination test was performed in four replicates of 40 seeds per
treatment. The emergence was monitored daily until 15 days after sowing (DAS)
to determine the emergency rate (ER) [17], mean emergence time (MET) [17],

emergence speed index (ESI) [18] and mean speed of emergency (MSE) [17].
ER(%)=(N/A)x100

where: ER is the emergency rate; Vis the number of emerged seeds; and A is the

total number of seeds placed to germinate.

t
MET = %(days)

total

where: MET refers to the mean time of emergency in days; n, is the number of
seeds emerged in a time interval; ¢ is the time interval; n,,, is the total number

of emerged seeds.
ESI =(E,;/N,)+(E,/N,)+---+(E,/N,)

where: ESI = emergency speed index. E|, E,, E, = number of normal seedlings
computed in the first count, the second count and the last count. N, N,, N, =

number of days of sowing to the first, second and last count.

MSE =1/t(seeds/day)

where: MSE = mean speed of emergency; ¢is the time interval.
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The plants were evaluated at the biometric level at 30 days after sowing (DAS),
and 10 seedlings of each treatment were analyzed to compose the mean per
plots, which were evaluated the number of leaves completely expanded (NL);
height of plants (H), using graduated ruler and measuring from the vegetable
neck until the insertion of the last leaf; stem diameter (SD), using a digital cali-
per; length of the main root (LR), measured with a graduated ruler, from the in-
sertion of the root at the base of the cervix to the root apex; dry shoot mass
(DSM); root dry mass (RDM); and total dry mass (TDM). To obtain the dry
mass the seedlings were separated in the different parts stored in identified paper
bags and put to dry in a forced circulation air oven at 333.15 K until reaching
constant mass, being in then weighed on a precision scale (0.01 g); and the
Dickson quality index (IQD), according to the methodology used by Dickson et
al [19].

The data obtained between the treatments were submitted to analysis of va-
riance (ANOVA) and the means compared by the Tukey test (P < 0.05), using
the statistical program SISVAR 5.3 [20].

3. Results and Discussion

For the variables ER, MET, ESI, MSE, CR and H there were no significant dif-
ferences by variance analysis for factors doses of humic acids and the absence or
presence of diazotrophic bacteria, in addition to the combined factors (Table 1).

It can be observed in Table 1 the significant absence for characteristics of ER,
MET, ESI and MSE, where the dilution of humic acid and the presence or ab-
sence of A. brasilense caused interference in the germination and emergence of
lettuce. Cotrim et al [10] found that inoculation of substances, such as humic
acid, and/or, A. brasilense, in the early stages of germination and emergence of

seeds tend not confer differences in these variables, since these phases, the

Table 1. Emergency rate (ER), mean emergence time (MET), emergence speed index
(ESI), mean speed of emergency (MSE), root length (LR) and plant height (H), of seedl-
ings of lettuce submitted to humic acid dilutions and with and without inoculation of di-
azotrophic bacteria.

Dilutions ER (%) MET (Dias) ESI MSE LR (cm) H (cm)
0 86.25+10.77 6.10+1.71 0.18 +£0.048 6.67 £2.23 10.03 +0.63 3.74 £ 0.45
25 78.44 £13.49 6.55+2.65 0.17+0.054 6.06+2.49 10.04 +0.32 3.85+0.29
50 91.88 £12.58 5.09 +1.06 0.20+0.038 8.10+1.87 10.04 +£0.75 3.58 +0.14
75 85.00 £13.02 5.98 +1.97 0.18 £0.056 6.89 £2.59 10.35+0.94 3.98 +0.17
100 8750 +£598 5.21+091 0.20+0.030 7.39+1.06 10.58 +0.64 3.84 +0.30

With inoculation 85.00 +10.51 5.51 £1.26 0.19 £0.039 7.06 +1.90 10.22 +0.68 3.80 + 0.38
No inoculation 86.63 £13.11 6.06 £2.17 0.18 £0.051 6.99 +2.39 10.19 +0.70 3.79 £ 0.22

CV (%) 11.28 24.95 20.26 23.13 6.77 8.16

*Results not significant for analysis of variance at the 5% error probability level for dilutions, inoculation
and interaction between factors and without not significant adjustments for regression analysis.
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embryonic axis depends on the accumulated resources throughout the process of
seed maturation.

The results found, corroborate with those found by Venancio et al [21] that
did not identify significant differences in the variables related to germination
and emergence for pepper seeds, except in the ESI under some dosages of humic
acids tested. These results of ER corroborate with those obtained in some studies
of germination of different crops, such as corn [12] and chili [21].

Catao et al. [22] observed that high temperatures (308.15 K) negatively influ-
enced germination and emergence in the Grand Rapids lettuce cultivar, used in
this study. The authors attributed this influence to the lower activity of the en-
zyme f-mannanase in thermosensitive cultivars, since this enzyme promotes the
weakening of the endosperm cell walls of the germinated seeds when submitted
to high temperatures. These authors also verified a lower amount of HSP (Heat
Shock Protein) proteins under the conditions of high temperatures in the ther-
mosensitive cultivars, suggesting that the lower amount of this tolerant protein
to high temperatures also influences the germination and emergence process of
lettuce seedlings. From these elements, it was suggested that, although no statis-
tical differences were found for ER, MET, ESI and MSE, the temperature condi-
tion during the initial period of the experiment (Figure 1) may have influenced
the results, corroborating the lack of significant differences among the treat-
ments evaluated.

Regarding the characteristics of LR and H, it can be observed that there was
no difference between the dilutions of humic acid nor between the presence or
absence of inoculation. In contrast, Santos et al [23], evaluating the dilutions of
humic acid and nitrogen in the production of seedlings of Lactuca sativa L.,
found significant effects. These divergences occur mainly due to the presence of
nitrogen, which assists in the growth process of the evaluated characteristics and
due to the essential that is this nutrient for the initial development of the seedl-
ings.

For the dry matter of roots (RDM) and total dry matter (TDM), a significant
interaction was found for both the absence and the presence of bacteria with di-
lutions of humic acids (P < 0.05), and for leaf dry matter (DSM) only obtained
interaction in the absence of inoculation with the dilutions of humic acids
(Figure 2). These results indicate that inoculated seedlings presented variable
responses to the doses used.

It can be observed in Figure 2 that the inoculation for TDM and RDM
showed cubic behavior, which was observed a peak point at a dilution of 50%
humic acid, leading to a decrease in their mass. For the absence of bacteria
showed an increasing linear behavior with the increase of the dilutions of humic
acid employed, causing an increase in total dry mass and root. According to
Facanha et al. [24], the application of humic substances promotes an increase in
root development due to its stimulating effect similar to plant hormones, hig-

hlighting the ability of humic acids to provide an increase in an enzyme that
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Figure 2. Total dry matter (TDM), dry matter of root (RDM) and leaf dry matter (DSM) of lettuce seedlings sub-
mitted to dilutions of humic acid and, with and without inoculation of diazotrophic bacteria.

promotes root expansion.

Silva et al. [25], evaluating different sources of humic substances and different
doses, verify significant effects of the doses on dry matter production of shoots
and roots of lettuce plants. Meirelles et al [4] found increases in several biome-
tric parameters, productive and fresh matter of lettuce plants with the isolated
use of humic acid and diazotrophic bacteria, mainly in the joint use of the sub-
stances reflected in higher yields.

For the variables number of leaves (NL), stem diameter (SD) and Dickson
quality index (IQD) were not observed, nor was there any difference between
inoculation and non-inoculation of bacteria, presenting only significant differ-
ences (P < 0.05) for the dilutions of humic acids (Figure 3).

In relation to NL, a gradual increase occurred, starting from the absence of
humic acids, 0% (mean 4.8 leaves per plant), with the increase in dilution up to
around 65% (means of 5.2 leaves per plant). From this point, the number of
leaves reduced abruptly, especially after the dilution of 75% of humic acids, until
reaching maximum dilution, where the number of leaves observed was, on
mean, 4.6 leaves per plant, where the cubic adjustment was significant and the

worst results are observed. Similar results were observed in other studies with
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Figure 3. Number of leaves (NL), stem diameter (SD) and Dickson quality index (IQD) of lettuce seedlings sub-
mitted to dilutions of humic acid and with and without inoculation of diazotrophic bacteria.

the use of humic substances in other crops, such as cucumber [26], tomato [27]
and wheat [10]. Borcioni ef al [1] observed higher lettuce NL with the applica-
tion of these humic substances up to the dose of 4 ml L™, from this concentra-
tion, the number of leaves reduced.

For the SD, significant differences were found for inoculation with the bacte-
rium. The inoculated plants presented a SD average of 0.24 cm and those not in-
oculated 0.22 cm. Differences were also observed for the dilutions of humic acids,
being detected significance for the quadratic adjustment, with coefficient of de-
termination explaining 76% of the observed data. For this variable under the con-
ditions of the study, a reduction in stem diameter averages occurred with the in-
crease of the dilution of humic acids up to approximately 66% and, from this dilu-
tion, there was an increase in the means of this variable. Besides the presence of
bacteria influenced to a larger diameter when compared to non-inoculated plants.

Cavalcante et al [6] observed reduction in stem diameter in passion fruit
seedlings with applications of humic substances. Nomura et a/ [28] found a de-
crease in banana SD in winter when they tested two commercial biofertilizers.

Some authors argue that seedlings with larger diameter tend to favor the survival
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rate of these seedlings after transplanting [28] [29] [30]. This tendency is due to
the fact that this variable is strongly influenced by the number and vigor of the
root system, which allow plants more tolerant to biotic stresses, thus favoring in-
itial development as well as increasing production [28].

In relation to the IQD, significant differences were found only for the dilu-
tions of humic acid, which the best fit was the quadratic one due to the different
dilutions tested and with a correlation coefficient explaining 53% of the observed
data. The behavior of the obtained curve pointed to increase in IQD up to ap-
proximately 50% of humic acid dilution, with IQD of 0.0054, with decrease in
the highest dilutions. The IQD is obtained by the ratio between several variables,
TDM, H, SD, DSM and RDM, and from its result it is possible to infer about the
quality by means of its equilibrium, thus, the higher the IQD value obtained, the
higher the quality of seedlings produced. Santos et al [30] observed improve-
ment in the quality of lettuce cv. “Verdnica” with the application of humic acids,
obtaining a IQD up to 0.0123.

The increase in the dilution of humic acid negatively affected the SD, which
has negative consequences for the IQD of the lettuce seedlings. However, due to
the fact that this index takes into account several parameters of seedling growth
[29], it was still possible to verify IQD higher than those observed in other stu-
dies involving this index in lettuce seedlings [31] [32].

In general, the results presented here indicate that the seedlings produced were of
good quality. It is possible to emphasize that the use of humic acid up to the 50%
dilution applied in seed was beneficial for the quality of the seedlings produced.

4. Conclusions

The main conclusions are:

The association of diazotrophic bacteria and humic acids did not influence the
emergency rate, mean emergence time, mean speed of emergency, emergence
speed index, plant height, and root length of lettuce seedlings.

The dilutions of humic acids, regardless of inoculation with bacteria diazo-
trophic favored the development of the number of leaves, stem diameter and
Dickson quality index.

Inoculation of lettuce seeds diazotrophic bacteria associated with the addition
of humic acids favored the development of the dry mass of root and total dry

matter.
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