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Abstract

Garlic is a highly relevant vegetable crop from the food and medicinal point of view in the culture of different 
peoples around the world. The new discoveries of the active components present in the bulbs increase the 
demand and require that garlic’s production system meets the demands of the market in quantity and quality. 
The nutrition in vegetables is crucial for the production and protection of crops, and in the garlic crop it is 
usual practice to apply minerals via leaf application during the cycle. The use and benefits of organic sources 
associated with minerals in the garlic crop raise questions about the viability of the leaf application method in 
this crop. The objective of this study  was to evaluate the effectiveness of biofertilizers containing humic acids 
applied via leaf application in the crop of garlic (Allium sativum) in relation to the control (absence of humic 
acid). There was no significant variation for the foliar application of biofertilizers for the development parameters 
(aerial part, root system and bulb formation) and garlic production classes. Biofertilizer 4 at the dose of 30 L ha-1 
stood out compared to the Biofertilizers 2 and 3 for total productivity. The use of foliar biofertilizers with organic 
components associated with minerals can be considered an interesting alternative for the cultivation of garlic, 
especially if evaluated in the long term and considering the global benefits to the cultivation system.
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Introduction
Garlic (Allium sativum L.) is one of the most 

cultivated and consumed vegetable species in the world. 
It is mainly used as a condiment, but it is also consumed 
for its health benefits, in the prevention and treatment 
of cardiovascular diseases, including antiplatelet, 
antihypertensive and antioxidant activity (Barboza et al., 
2020).

Garlic production is of great economic and social 
importance in Brazil, with cultivation being mostly carried 
out by small producers and which requires a lot of labor 
during the crop cycle (Luís et al., 2020). The annual global 
production of garlic in 2015 and 2016 was around 27 
million tons in approximately 1.5 million hectares (Faostat, 
2018). Despite the importance of garlic crop in Brazil, the 
country is the largest importer in the world, with China 
and Argentina as its main suppliers (Lucena et al., 2016  ).

In order to strengthen national production, 

measures are needed to reduce imports and increase 
average productivity, which, despite having increased 
notably with the adoption of noble cultivars vernalized 
with “seeds” from the meristem culture, still presents 
some relevant potential expansion. Research  efforts in 
the crucial aspects of management can be decisive in 
providing improved leverage to  the garlic production 
chain.

Garlic plants require large amounts of nutrients. 
The ideal application of fertilizers in the cultivation of garlic 
is important to improve the growth, yield and marketable 
proportions of the bulbs, as well as the quality of the bulbs. 
Mineral fertilizers in adequate doses promote increases in 
leaf area and productivity (Kenea & Gedamu, 2019).

Due to the limited availability of chemical fertilizers  
, biofertilizers are considered environmentally friendly, 
provide an economical and sustainable alternative to 
synthetic fertilizers, and increases agricultural production 
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and decreases environmental pollution (Sattar et al., 2018; 
Mounir et al., 2020). This aspect, in addition to meeting 
the growing demand for quality and quantity products, 
has short and long-term advantages in the nutritional 
management of plants and the ecosystem.

The benefits of these fertilizers for the soil-plant 
system include: increased mineralization rate and cation 
exchange capacity (CEC) due to nutrient retention and 
release, as well as causing reduced losses by leaching (N 
and K), volatilization (NH3) and adsorption (P); promotion 
of the buffer effect, which contributes to the stability of 
the soil pH; increased aggregate stability, which improves  
structure, aeration and water retention of the system; and 
causing an increased proliferation of microorganisms 
(Virgolino et al., 2017).

The  objective of this study was to evaluate the 
effectiveness of biofertilizers containing humic acids, 
provided via the leaf application method in the crop of 
garlic (Allium sativum), in relation to its control (absence 
of humic acid). 

Material and Methods  
Location and general characteristics of the experimental 
area

The experiment was carried out at Fazenda 
Barro Preto, in the municipality of Uberaba-MG, Latitude 
19° 45'27” S, Longitude 47° 55'36” W and altitude 
approximately 752 m, where the climate is classified as 
Aw according to Köppen and Geiger, that is, tropical 

climate with dry winter season. The average annual 
rainfall in Uberaba is 1571 mm and average temperature 
of 22.3º C. The cultivar used was « Ito », planted on May 
22, 2020.

Experimental design
The experiment was conducted in a randomized 

block design, with 8 treatments with four replications. 
Each plot consisted of 3 double lines of 6 meters long, 
spaced 0.35 meters apart, totaling 10.8 m² each plot.

The useful plot destined for the evaluations along 
the cycle was the area referring to the double lines of the 
border where samples of the inner line of each pair of 
each plot  were collected. At harvest, the central double 
line of each plot of 5 meters was taken for sampling, 
totaling 8 linear meters of harvested area.

The 8 treatments were applied as described in 
Table 1 with the aid of a CO2 sprayer. The control treatment 
consisted of the absence of biofertilizer application. Four 
biofertilizers with different composition were evaluated, 
the last one (Biof. 4) being evaluated in 4 doses (10, 20, 
30 and 40 L ha-1 ) that were determined based on the 
response of the crop already observed with the dose of 
20 L ha-1 with this product. Thus, levels below and above 
20 L ha-1 were established to determine the crop response 
curve as a function of different doses.

The compounds of the products applied in the 
present study are shown in Table 2.

Table 1. Rates of the Biofertilizers applied during sowing and plant growth of garlic.
Applications (Dose)

1 2 3 4 5 Total

Treatments (Sowing) Vegetative 
phase

Vegetative 
phase

Phases V9 
and R1

Reproductive 
phase

L ha-1

Control (absence
application)

T2 Biof. 1

-

5

-

-

-

-

-

-

-

-

0

5
T3 Biof. 2 5 - - - - 5
T4  Biof. 4 2 2 2 2 2 10
T5  Biof. 4 4 4 4 4 4 20
T6 Biof. 4 6 6 6 6 6 30
T7 Biof. 4 8 8 8 8 8 40
T8 Biof. 3 1 1 1 1 1 5

Table 2. Chemical composition (%) of biofertilizers.

Biof. 1
 

Organic Carbon Humic Acid Fulvic  Acid K2O

12 18 3 4.8

Biof. 2
Organic Carbon N P2O5 K2O

7.89 2 1.5 3.0
Biof. 3 Organic Carbon N K2O

14.0 1.4 8.0

Biof. 4
Humic Acid N Phosphoric Acid K Mg Ca B Fe

5.5 0.1 0.03 1.5 0.02 0.17 0.01 0.02
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Conducting the experiment
All cultural treatments, such as phytosanitary 

control, were carried out as practiced by the producer 
through monitoring of pests and diseases. Upon reaching 
the level of control, pesticides were applied according 
to the standards and instructions of the manufacturers 
in all treatments. Irrigation management was carried out 
through a center pivot from planting to 5 days before 
harvest. The crop fertilization recommendation was 
based on soil analysis and the CFSEMG recommendation 
bulletin (1999). 

Soil mineral analysis was performed according to 
the method described by EMBRAPA (2013). The physical 
and chemical components of 0-20 cm soil layer were as 
follows: pH H2O = 5.3; P = 50.3 mg dm-3; K = 1.04 mmolc 
dm-3; Ca = 17.7 mmolc dm-3; Mg = 3.5 mmolc dm-3; Al = 0.0 
mmolc dm-3, CTC= 48.28 mmolc dm-3; V= 46.1%. 

Variables determined in the experiment.
Growth analysis

Six plants were collected from each experimental 
plot for the composition of a sample for the following 
evaluations: height of the aerial part (measuring the 
length of the main stem with a tape measure), fresh mass 
of the aerial part, root and bulbs (weighing in analytical 
balance), dry mass of the aerial part, root and bulbs (the 
plants were dried in an oven with forced air circulation 
(60°C) until reaching constant mass).

Root volume was also evaluated (determination 
carried out by measuring the displacement of the water 
column in a graduated cylinder, that is, placing the roots 
in a beaker containing a known volume of water - 100 
mL. By the difference, the direct response of the root 
volume was obtained by the equivalence of units (1 mL = 
1 cm3),and the transverse bulb diameters were measured 
with the aid of a caliper.

Leaf analysis
At 70 days after planting (DAP) leaf samples 

were collected for leaf chemical analysis of macro and 
micronutrients from each experimental plot. Young and 
fully developed leaves were collected from 10 plants.  
The leaves were collected within 3 meters of the inner line 
of the two doubles lines of the extremities (that is, outside 
the useful area).

Spad Index
At 50 and 85 DAP, the critical level of the SPAD 

index (Soil Plant Analysis Development) on garlic leaves 
was determined using the portable SPAD-502 Plus meter, 
in order to identify the nutritional condition of the plants in 

relation to nitrogen.
The evaluations were carried out in the upper 

third sections of fully developed (adult) leaves.  Ten plants 
chosen at random in the double lines of the extremities 
were evaluated.

Harvest classification
The garlic harvest was carried out at the end 

of the crop cycle, in the central double line of the plot, 
which corresponded to 10 linear meters harvested (useful 
area). The bulbs were classified according to diameter 
and weighed.

The classification of garlic was carried out 
according to the diameter: class 2/3 (less than 40 mm); 
class 4 (40 to 45 mm); class 5 (45 to 50 mm); class 6 (50 
to 55 mm); class 7 (55 to 60 mm). For each class there 
was a subdivision: extra, special and commercial. Total 
productivity refers to the sum of all classes.

Statistical analysis
The evaluated characteristics were submitted 

to the F test of the analysis of variance. The Scott-Knott 
test was performed to compare all treatments with each 
other, indicating which ones obtained positive results. To 
evaluate the proper rate of Biofertilizer 4 the regression 
analysis was performed with the different rates tested. 
These tests were performed using the SISVAR program.

Results
Aerial part development 

In the evaluation at 50 DAP, no statistically 
significant differences were observed between the four 
biofertilizers, the control and the doses of Biof. 4 (Table 3). 
The SPAD index varied between 56.9 (T6) to 60.1 (T3), the 
plant height between 68.9 (T8) to 71.7 cm (T4), the total 
number of leaves varied between 9 and 10, with number 
of dead leaves varying from 1 to 2. The fresh mass of 
the aerial part of garlic varied between 30.5 (T7) to 34.2 
(T6) g plant-1, while the dry mass of the aerial part varied 
between 3, 7 (T3) to 4.3 (T6) g plant-1.

Root and bulb development
The development, both of roots and the garlic 

bulbs, were also not affected by the biofertilizers applied 
via leaf in the evaluations at 50 and 84 DAP (Table 4). 
The fresh mass of garlic root varied between 3.5 to 3.8 
and 5.1 (T5) to 5.8 (T1 and T4) g plant-1 at 50 DAP and 84 
DAP, respectively. The dry root mass varied from 0.6 to 0.7 
and 1.1 to 1.2 g plant-1 at 50 DAP and 84 DAP. The fresh 
mass of garlic bulbs ranged from 7.9 (T1 to T3) to 8.9 (T7) 
and 38.1 (T8) to 41.9 (T5) g plant-1 at 50 DAP and 84 DAP, 
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respectively . The dry mass of bulb  varied between 1.3 
to 1.5 g plant-1 at 50 DAP and 8.9 (T3) to 10.4 (T7) g plant-1 
at 84 DAP. The diameter varied between 21.9 (T3) to 23.3 
(T7) mm at 50 DAP and 45.3 (T8) to 47.1 (T5) mm at 84 DAP.

Macro and micronutrient contents in garlic plants at 70 
DAP

For nutrient contents, only N, S and B showed 
a significant difference (p <0.05). The control had the 
lowest N content among all treatments evaluated (38.7 

g kg-1), not differing from Biof. 2 (38.5 g kg-1). The highest 
levels of N referred to the doses of 20, 30 and 40 L ha-1 of 
Biof. 4, with no difference between them and also with no 
difference for Biof. 3 (Table 5).

For the S content, Biof. 4 was highlighted in the 
dose of 20 L ha-1 (16.1 g kg-1), and the other treatments 
did not differ among themselves, including with regard to 
control. Regarding B, Biof.2  and Biof. 4  stood out at doses 
of 20 and 30 L ha-1 (Table 5).

Table 3. Aerial part of garlic plants subjected to different treatments at 50 and 84 days after planting (DAP).

Spad Plant height (cm) Fresh mass 
(g plant-1)

Dry mass 
(g plant-1)

Treatments 50 84 50 84 50 84 50 84

DAP

T1 Control 58.5 a 62.0 b 70.6 a 81.5 a 31.9 a 60.3 a 4.0 a 9.5 a
T2 Biof. 1 58.2 a 62.1 b 70.4 a 80.8 a 31.3 a 60.7 a 3.9 a 9.4 a
T3 Biof. 2 60.1 a 63.7 b 69.4 a 80.7 a 30.6 a 56.7 a 3.7 a 8.9 a
T4 Biof. 3 59.4 a 65.6 a 68.9 a 81.1 a 30.6 a 60.7 a 3.9 a 9.3 a
T5 Biof. 4 (10L ha-1) 58.6 a 65.6 a 71.7 a 80.6 a 32.1 a 57.2 a 3.9 a 8.8 a
T6 Biof. 4 (20L ha-1) 58.5 a 64.5 a 69.3 a 80.2 a 30.8 a 58.2 a 3.7 a 8.9 a
T7 Biof. 4 (30L ha-1) 56.9 a 65.4 a 71.9 a 83.1 a 34.2 a 60.7 a 4.3 a 9.6 a
T8 Biof. 4 (40L ha-1) 59.3 a 64.9 a 69.5 a 80.9 a 30.5 a 57.7 a 3.9 a 9.1 a

CV (%) 4.5 2.6 3.5 2.4 8.6 11.7 9.0 12.4
Average 58.7 64.2 70.2 81.1 31.5 59.0 3.9 9.1

Fc 0.8ns 0.02* 0.6ns 0.5ns 0.6ns 0.9ns 0.5ns 0.9ns

Means followed by equal letters in the column do not differ by Scott-Knott test at 5% probability. *Significant and ns not significant by F test at 5% probability. 

Table 4. Roots and bulbs of garlic subjected to different treatments at 50 and 84 days after planting (DAP).
Root Bulb 

Fresh mass Dry mass Fresh mass Dry mass Diameter
(g plant-1) (g plant-1) (mm)

Treatments 50 84 50 84  50 84 50 84  50 84  
DAP

T1 Control 3.5 a 5.8 a 0.6 a 1.2 a 7.9 a 40.9 a 1.3 a 9.7 a 22.1 a 45.8 a
T2 Biof. 1 3.7 a 5.6 a 0.6 a 1.1 a 7.9 a 41.6 a 1.3 a 9.8 a 22.3 a 46.5 a
T3 Biof. 2 3.8 a 5.7 a 0.6 a 1.1 a 7.9 a 38.2 a 1.3 a 8.9 a 21.9 a 45.9 a
T4 Biof. 3 3.8 a 5.8 a 0.6 a 1.2 a 8.2 a 40.0 a 1.4 a 9.5 a 22.3 a 46.0 a
T5 Biof. 4 (10L ha-1) 3.7 a 5.1 a 0.6 a 1.1 a 8.4 a 41.9 a 1.4 a 10.2 a 22.8 a 47.1 a
T6 Biof. 4 (20L ha-1) 3.5 a 5.5 a 0.6 a 1.2 a 8.2 a 40.7 a 1.4 a 10.1 a 22.5 a 46.5 a
T7 Biof. 4 (30L ha-1) 3.7 a 5.4 a 0.7 a 1.2 a 8.9 a 41.0 a 1.5 a 10.4 a 23.3 a 46.8 a
T8 Biof. 4 (40L ha-1) 3.8 a 5.2 a 0.6 a 1.2 a 8.4 a 38.1 a 1.5 a 9.6 a 22.9 a 45.3 a

CV (%) 8.4 10.2 9.4 14.3 6.4 11.5 7.3 11.9 3.2 3.9
Average 3.7 5.5 0.6 1.2 8.2 40.3 1.4 9.8 22.5 46.3

Fc 0.5ns 0.5ns 0.6ns 0.9ns 0.2ns 0.9ns 0.1ns 0.8ns 0.2ns 0.9ns

Means followed by equal letters in the column do not differ by Scott-Knott test at 5% probability. *Significant and ns not significant by F test at 5% probability. 
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Table 5. Aerial part of garlic plants subjected to different treatments at 70 DAP.
Treatments N P K S Ca Mg

g kg-1

T1 Control 38.7 c 3.5 a 29.3 a 12.3 b 8.4 a 3.0 a
T2 Biof. 1 41.3 b 3.9 a 29.8 a 12.9 b 7.9 a 2.9 a
T3 Biof. 2 38.5 c 3.9 a 28.6 a 11.7 b 7.9 a 2.9 a
T4 Biof. 3 44.3 a 3.7 a 29.8 a 12.6 b 8.2 a 2.9 a
T5 Biof. 4 (10L ha-1) 40.6 b 3.8 a 29.4 a 13.9 b 7.2 a 2.8 a
T6 Biof. 4 (20L ha-1) 44.1 a 4.2 a 29.6 a 16.1 a 8.1 a 2.9 a
T7 Biof. 4 (30L ha-1) 43.9 a 3.9 a 30.8 a 12.2 b 9.0 a 3.2 a
T8 Biof. 4 (40L ha-1) 43.1 a 3.9 a 30.0 a 13.1 b 8.5 a 3.1 a

CV (%) 2.5 8.4 4.3 11.3 9.9 6.8
Average 41.8 3.8 29.6 13.1 8.2 2.9

Fc 0.0* 0.2 ns 0.5 ns 0.01* 0.1 ns 0.3 ns

Treatments Cu Fe Mn Zn B
mg kg-1

T1 Control 6.9 a 146.8 a 23.3 a 23.5 a 20.4 b
T2 Biof. 1 6.1 a 105.8 a 21.5 a 23.7 a 20.1 b
T3 Biof. 2 6.3 a 161.0 a 24.5 a 22.9 a 21.9 a
T4 Biof. 3 7.5 a 113.0 a 22.3 a 23.1 a 19.3 b
T5 Biof. 4 (10L ha-1) 6.4 a 224.3 a 24.3 a 23.3 a 19.1 b
T6 Biof. 4 (20L ha-1) 6.9 a 157.3 a 20.3 a 23.5 a 20.8 a
T7 Biof. 4 (30L ha-1) 6.9 a 138.3 a 25.8 a 22.6 a 22.3 a
T8 Biof. 4 (40L ha-1) 6.9 a 177.8 a 24.3 a 22.4 a 20.7 b

CV (%) 20.7 50.5 11.9 8.6 6.3
Average 6.8 153.0 23.3 23.1 20.6

Fc 0.9 ns 0.5 ns 0.2 ns 0.9 ns 0.02*

As for the evaluation of significant nutrients for 
Biof.4  doses, B and S did not fit any model, whereas N 
fit the quadratic polynomial model. The maximum values   
of N (43.9 g kg-1) was related to the doses of 29.2 L ha-1, 
respectively (Figure 1  ).

Productivity
There was no statistical difference between the 

biofertilizers for the garlic bulb classes, in their subdivisions 
(Industry, class 4, class 5, class 6, class 7, class 2 to 4 - lowest 
commercial value, class 5 to 7 - highest commercial value 
) (Table 6). For total productivity, Biof. 4 at the dose of 30 
L ha-1 stood out compared to Biof. 2 and Biof. 3, however 
without difference with the control (absence of foliar 
application with humic acids) (Table 6).

Table 6. Productivity of garlic bulbs in the classes industry and 3 to 7 (total) under application of organic fertilizers.
Treatments Industry 4 5 6 7 2 a 4 5 a 7 Total

T1 Control 0.6 a 4.0 a 4.7 a 3.8 a 1.1 a 6.6 a 9.7 a 16.8 ab
T2 Biof. 1 0.7 a 3.8 a 4.8 a 3.9 a 1.6 a 6.1 a 10.4 a 17.2 ab
T3 Biof. 2 0.8 a 3.9 a 3.6 a 3.2 a 0.5 a 6.5 a 7.4 a 14.6 c
T4 Biof. 3 1.0 a 3.5 a 4.9 a 3.2 a 1.0 a 6.1 a 9.2 a 16.3 b
T5 Biof. 4 (10L ha-1) 0.5 a 3.8 a 5.0 a 3.8 a 1.4 a 6.5 a 10.2 a 17.2 ab
T6 Biof. 4 (20L ha-1) 0.9 a 3.9 a 5.1 a 2.9 a 1.8 a 6.4 a 9.9 a 17.2 ab
T7 Biof. 4 (30L ha-1) 0.6 a 3.7 a 4.9 a 4.9 a 1.4 a 6.7 a 11.3 a 18.6 a
T8 Biof. 4 (40L ha-1) 0.5 a 3.8 a 4.9 a 4.2 a 1.2 a 6.6 a 10.4 a 17.5 ab

CV 58.3 26.1 25.2 31.4 79.5 15.9 15.7 8.2
Average 0.7 3.8 4.7 3.8 1.3 6.4 9.8 16.9

Fc 0.6ns 0.9ns 0.7ns 0.3ns 0.8ns 0.9ns 0.06ns 0.04*
Means followed by equal letters in the column do not differ by Scott-Knott test at 5% probability. *Significant and ns not significant by F test at 5% probability. 

Figure 1. Nitrogen (N) content (g kg-1) in the 
garlic leaves as a function of Biof.4 doses.
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Discussion
Humic substances contained in biofertilizers are 

the most abundant components of soil organic matter 
(they can reach up to 80%). Due to the wide diversity of 
composition, they can attribute to the agricultural system 
benefits for physical, chemical and biological processes 
in the soil (Zanin et al., 2019). The use of these compounds 
has been raised in the literature as an innovative practice 
due to the positive impacts on physiology, biochemical 
characteristics and soil fertility, and which are favorable 
aspects for  the production of garlic (Boutasknit et al., 
2020).

In the present work, it was observed that humic 
acids applied to the crop of garlic showed a small 
increase for the development of the aerial part, not 
being enough to generate a significant difference 
between the four biofertilizers evaluated and the control. 
It is worth mentioning that the continuous application of 
the components present in biofertilizers can bring benefits 
in the long-term in continued use, since the structural 
benefits in the system may not be immediate and visible 
in short periods of evaluation.

Foliar applications, such as those carried out in 
this study, require less amounts of biostimulants and allows 
nutrients to be absorbed quickly and directly by the leaf 
(Popescu & Popescu, 2018). In  terms of growth, it was 
observed that the dose of 10 L ha-1 was as efficient as 40 
L ha-1,and was  necessary to validate this indication with 
the other evaluated parameters.

The increase in chlorophyll, measured indirectly 
by SPAD, also proved to be favorable for garlic. Wilczewski 
et al. (2018) in application of HA in sugar beet obtained 
an increase in SPAD index, which  was significantly 
correlated with sugar yield.

The beneficial effects of HA go beyond the growth-
promoting effect of plants and include an endogenous 
biological response to stress effects promoted by the 
environment  through the combination of properties of 
the constituents of the mixture that form humic acids and 
commercial products (Yakhin et al., 2017; Rouphael & 
Colla, 2018; Pizzeghello et al., 2020). Positive responses 
from the application of HA, with greater plant growth, 
development, production and the quality of commercial 
organs, have been reported in the literature (Souri et al., 
2017, Ibrahim et al., 2019), including in the garlic crop by 
Balmori et al . (2019).

In onion, AH promoted greater number of leaves, 
height, leaf diameter, stem diameter, fresh leaf weight, 
length and root number, bulb length and diameter and 
fresh weight of the plants, in comparison with untreated 

plants (control) (Al-Fraihat et al., 2018). Zaki et al. (2014) 
concluded that HA can result in an increase and 
improvement in the yield and quality of garlic bulbs, 
attributing to the incremental improvement that the 
compounds promote in the absorption of nutrients and 
structure of the soil, and which consequently generate a 
positive influence on the growth of the plants (Badawy et 
al., 2019).

Mohsen et al. (2017) reported that the supply of 
HA promoted greater absorption of nutrients and that this 
influenced the development of the root system, followed 
by an increase in some growth parameters, for example 
plant height and number of leaves,  and culminated in 
an increase in total yield.

To estimate the dose response function, Badawy 
et al. (2019) observed that the linear regression model 
described the behavior of HA as being positive at low 
doses of HA, while negative at high doses of HA. Higher 
doses of HA have less or no effect.

It is worth mentioning that the effect caused by 
the leaf application of HA seems to be less consistent 
and relevant than that observed when HA are applied 
at the root (De Hita et al., 2019). Novais & Novais (2017) 
commented that the use of HA contributes to better 
management of the physical aspects of the soil through its 
action on the formation of more stable aggregates, and 
consequently on the maintenance of more balanced 
soils for the development of crops.

Not all plant species respond to foliar application, 
as most of the classes presented in the present work. 
However, as raised by Aslani & Souri (2018), the application 
can be considered as  a complementary nutrition to a 
dosage applied to the soil.

Despite the remarkable results with the use of 
HA in the literature, the relationship between functional 
structures and bioactivity in plants is still confusing and 
there is little information from basic science explaining 
the interactions, especially considering the enormous 
potential of this category of inputs (Olivares et al., 2017).

The biological activity of HA is also dependent 
on their origin, chemical structure and concentrations. 
Leonardite, for example, is the commercial humic 
substance most commonly used in manufacturing 
(Bulgari et al., 2019; Dziugiel & Wada, 2020). Sarıyıldız 
(2020) observed a significantly positive effect on soil 
properties, vegetative growth and garlic yield using HA 
(of Leonardite origin) compared to conventional NPK 
fertilization only.

Due to the consistent change in the compositions 
of HA offered on the market, it is observed that the choice 
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of the commercial product can have a significant effect 
on the responses of the plants (Van Oosten et al., 2017). 
Its use will grow even more as it gains credibility among 
the main farmers (Olk et al., 2018), in particular due to 
the growing look towards a more balanced agriculture.  
This suggests  that a combination of high technology and 
organic techniques (biofertilizers and organominerals), 
especially in the long term, can provide more realistic 
and sustainable solutions (Timsina, 2018).

It is important to note that HAs contribute to the 
development of plants that can be expressed under 
stress conditions, which did not occur in this study, as the 
conditions under which the experiment was conducted 
were considered optimal for the crop (water and 
phytosanitary supply) . It is also interesting to evaluate 
from an ecological point of view whether it is beneficial 
to consider the application of organic sources only for 
the purpose of soil structures, especially the physical 
and biological aspects attributed to humic components 
applied both via soil and foliar applications, since that 
what is not absorbed by plants, the destination is the soil.

The diversity of components present in biofertilizers 
is also an interesting aspect from the point of view of the 
ecosystem, as it provides a wide range of carbon chains 
and dynamically stimulates the microbiota present in soils, 
which can generate a greater biodiversity of life in the soil 
and in consequence makes  the activity more balanced 
and sustainable.

Conclusions
There was no significant variation for the 

foliar application of biofertilizers for the development 
parameters (aerial part, root system and bulb formation) 
and garlic production classes. 

Biofertilizer 4 at the dose of 30 L ha-1 stood out 
compared to Biofertilizers 2 and 3  for total productivity.

The use of foliar biofertilizers with organic 
components associated with minerals can be considered 
an interesting alternative, especially if evaluated in the 
long term and considering the global benefits to the 
cultivation system.
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