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Abstract : Humic materials used as organic fertilizer can promote seed germination and improve the quality of
seedlings of vegetable crops. The objective of this study was to evaluate the effect of humic substances (HS) and
humic acids (HA) extracted from peat samples on germination of Capsicum frutescens L. and its influence on
seed quality and initial seedling development. The experiment was conducted in completely randomized design,
with 6 treatments and 5 repetitions of 35 seeds for each treatment in a factorial 2 x 6, represented by 2 types of
humic materials (humic substances and humic acids) and 6 doses with neutral pH (distilled water (control), 10
mg L™, 20mg L™ 30mg L™ 40 mg L and 50 mg L™. The results showed that HS and HA have not inhibited the
germination in C. Frutescens, indicating that the humic materials are effective to promote greater germination
rate index (3.44), longer length of radicle (39.35 mm) and larger length of the aerial part of the seedling (28.66
mm) considering the dose 50 mg L™ in 14 days after sowing.
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I. Introduction

The main constituents of natural organic matter (NOM) are humic substances (HS) and their fractions,
defined as humic acids (HA), fulvic acids (FA) and humin (HUM). The extraction and purification steps
adopted by most researchers associated with the International Society of Humic Substances (IHSS) involve
extended time and the use of acids and bases.

Fractions of NOM have been widely used in technological sectors, environmental and as a substrate
for agriculture, seeking to increase productivity and decreasing chemical substrates [1, 2].

It is known that humic substances and their fractions exert hormonal activity in plants, but its
mechanism is still unknown [3] and difficult to determine, mainly due to the chemical heterogeneity of humic
substances.

Recent studies conducted by Traversa et al. [4] showed an increase in the germination of four
switchgrass populations, after application of three differents concentrations of humic acids isolated from three
different composts (green composts, mixed composts and coffee composts). Bernardes et al. [5], and the authors
Canellas and Olivares [6] verified an increase in speed of germination rate of vegetables after application of
humic acids.

Humic materials provide an increase in plant size and number of roots, nutrient uptake and growth
rates, as well as greater rooting, influencing biochemical and physiological processes, increasing the
assimilation of water by the seeds. These materials contributing to the efficiency in the enzymatic synthesis due
to the formation of soluble compounds with micronutrients [7].

Studies with humic acids and humic substances applied for seed germination include evaluations of
lettuce [8] soybean [9], sorghum [10], tomato [5] and wheat [7]. These authors are not unanimous in the use of
these substrates because of the beneficial effects depend on a number of factors as characteristics of the Humic
material, substrate concentration and type of plant species evaluated [5-10].

The chilli pepper (Capsicum frutescens L.), is a shrubby species with semi-ligneous stem and red fruits,
characterized by the specific flavor and aroma determined by chemical components such as capsaicin and
capsaicinoids [11]. This species of pepper is prominent in the world market of fresh vegetables, besides its use
in the production of condiments, seasonings and preserves in several countries like India, Brazil and Thailand.
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[12]. It is estimated that a quarter of the world's population consumes pepper fruits and its derivatives,
presenting a strong performance in food, pharmaceutical and cosmetic industries [13].

Among the several studies carried out for the advance in the agricultural production of C. frutescens
can be mentioned the studies of Mengarda and Lopes [14] on the initial development of chilli pepper plants;
Torres and Borges [15] on the growth of pepper through the action of hormones and Rebougas et al. [12] about
the physical-chemical characterization of this species in natura and processed. However, there are few studies
using humic substances and humic acids as a substrate for initial seedling growth of chilli pepper [14, 15].

An interesting trend is the increasing interest of the agroindustry in the sale of extracts of OM from
alkaline soil, especially those obtained from peat soils, as natural fertilizers to replace the commercially used
inorganic fertilizers. The commercial version of "natural fertilizers" is generally available in the form of "wet"
substances, its purification being similar to the IHSS procedure, often using other extractors, but without HCI /
HF treatment and dialysis.

The objective of the present work was to evaluate the effect of the application of humic substances and
humic acids extracted from peat samples on the initial germination and growth of Capsicum frutescens L. The
impact on the physiological quality of seed and the initial seedling growth was also evaluated.

Il. Materials And Methods

2.1. Sample collection and preparation of peat samples

The peat samples were collected in the municipality of Ribeirdo Preto - SP (district of Taquaral-SP), at
a soil depth of 50 cm, where five simple samples were collected to form a composite sample. These samples
were transferred to wood trays and after drying in air for approximately 2 days, were passed in plastic sieves of
2 mm mesh.

2.2. Extraction of Humic substances and humic acids from peat samples

The extractions of humic substances (HS) and subsequent fractionation to obtain the humic acids (HA)
were done according to the procedure adopted by most researchers associated with the International Society of
Humic Substances (IHSS) with 0.1 mol L™ (NaOH) as extractor in the ratio of 1:10 (peat:extractor) under inert
atmosphere and agitation for 4 hours. The humic acids were obtained by fractionation of the humic substances
with decreasing pH according to IHSS. The HS and HA solutions had the pH adjusted to 7.0.

2.3. Characterization of humic substances and humic acids

2.3.1. Elemental analysis

Samples of HS and HA were characterized by elemental analysis (C, H, N, O, S) in ThermoFiningan
Flash EA1112 equipment. Standards used were: cystine, BBOT (2, 5-bis(5-tercbutyl-2-benzoxazol-2-yl)tiophen;
methionine; sulfanilamide. All samples were analyzed in triplicate. The atomic ratios H / C and C / O were
calculated from the data obtained in the elemental analysis.

2.3.2. Nuclear magnetic resonance of carbon 13 (NMR **C)

The functional groups content in the samples of humic substances and humic acids were determined by
Nuclear magnetic resonance of carbon 13. The NMR™C experiments with cross-polarization (CP) and magic-
angle spinning (MAS) with variable amplitude (VA) were carried out in a Varian spectrometer (model Unity
Inova 400). The samples were arranged in a cylindrical 5-mm diameter zirconium rotor (Doty Supersonic)
spinning at 6 kHz in a Doty Supersonic probe for solid tests. TheNMR13CVACP/ MAS spectra were obtained
under the following experimental conditions: resonance frequency of 100.05 MHz for 13C, spectral band of 20
kHz for cross-polarization, proton preparation pulse of 3.8 ps, contact time of 1 ms, acquisition time of 12.8 ms,
and wait time of 500 ms for relaxation. The chemical shift values were referenced to hexamethyl benzene
(HMB), which has a well-defined line at 17.2 ppm.

2.3.4. UV-vis spectroscopy: determination of the E4/E6 ratio

The E4/E6 ratio was ascertained by measuring approximately 2.0 mg of HA and HS samples in 10 mL of a
NaHCO; 0.05 mol L™ solution and later reading the absorbance at 465 and 665nm on a DR 3900 spectrometer
[16].

2.4. Germination and initial growth experiments

The experimental design was a completely randomized design (CRD) with 5 replicates of 35 seeds for each
treatment and 2 x 6 factorial scheme, represented by 2 humic materials (HS and HA) and 6 doses (distilled water
(control), 10 mg L™, 20 mg L™, 30 mg L™, 40 mg L™ and 50 mg L™) [17].
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The seeds were uniformly distributed in germination boxes of 11 cm x 11 cm x 3.5 ¢cm on two sheets of
germitest paper moistened with 2.5 times the dry substrate weight and placed to germinate at 25 ° C. The
germination percentage was evaluated in the first and last counts at 7 and 14 days after planting, respectively,
considering germinated the seeds that provided seedlings with potential to continue their Normal growth,
presenting root and aerial systems and coleoptile according to Brasil [17].

3.0 mL of the different solutions of the treatments were applied daily to the substrate using spray cans
and the treatments without reapplication were re-moistened with the same amount of distilled water.

The Gerboxes were kept in Biochemical Oxygen Demand (B.O.D) germination chamber for a period of
14 days, in which they were evaluated: The germination percentage (G%); Germination rate (GR), mean
germination time (MGT), Aerial part (AP), root length (RL). Subsequently, the data were submitted to analysis
of variance and the means were compared by Tukey's test, at a 5% probability level (p <0.05) and adjusted by
linear or polynomial regression (p<5%) to explain the effects of the different levels of humic substances and
humic acids on the germination of chilli pepper. The statistical analyses were performed using the software
SISVAR, version 5.3 Build 77 [18].

I11. Results

The results listed in Table 1 show that humic acids presented a higher degree of humification and
aromaticity when compared to humic substances.

Table 1. Characterization results for samples of humic substances (HS) and humic acids (HA) of peat samples
by atomic ratio H/C and C/O, functional group content determined by **C nuclear Magnetic Resonance (**C
NMR) and E4 / E6 ratio.

Parameter Samples
HS HA
H/C 1.16 1.20
C/O 0.81 0.96
Aliphatic (%) 23.7 34.0
Ether (%) 4.2 12.0
Aromatic (%) 61.6 23.0
Carboxylics, ethers And amide (%) 10.5 31.0
E4/E6 3.47 3.21

The use of different doses of humic acids and humic substances in the germination of C. frutescens
showed that only the percentage of germination and Aerial part were not affected by the effect of the different
humic materials (Table 2). On the other hand, there was a significant effect on germination velocity index, mean
germination time and root length (Table 2).

In relation to root length and aerial part, it was observed that these variables were influenced by doses
of humic materials (Table 2). Considering the statistical interaction between humic materials vs. Doses,
significant results were observed only for mean germination time (P<0.05, r=0.998) and root length (p<0.05,
r=0.999), evidencing the effect of humic materials depends on the doses (Table 2).

Table 2. Summary of variance analysis and mean germination percentage (% G), germination speed index
(GSI), mean germination time (MGT), seedling radicular length (SRL), Aerial part (AP) of Capsicum frutescens
at 14 days after sowing in the germination stage under different humic materials and doses.

Variation sources | GL Valores de Quadrados Médios Average Square Values

% G GSI MGT SRL AP
Humic Materials (M) 1 52.15"° 0.82* 1.59* 616.69** 616.69**
Doses (D) 5 42.90™° 0.11™ 0.26™ 64.39* 13.13**
Interaction (M vs D) 5 9.56"° 0.25"° 1.39** 64.18* 3.87"°
Linear Reg 1 16.29" 0.17"™ 0.88" 140.13* 22.64*
Quadratic Reg 1 0.01M 0.13™ 0.97™° 16.12"° 38.85**
Cubic Reg 1 49.41 0.01™ 1.99** 163.41* 0.39™
Deviation Regression 2 18.79 ° 0.11™ 0.34™ 114" 187"
Residue 24 19.32 0.18 0.25 10.43 3.34
VC(%) 4.78 12.84 5.24 11.76 7.02

Mean

(%) (D) (days) (mm) (mm)
Dosel (Control) 90.95 3.97 8.55 27.51 26.54
Dose 2 (10 mg L-1) 86.03 3.30 9.45 22.44 24.49
Dose 3 (20 mg L-1) 90.00 3.19 10.19 25.05 24.97
Dose 4 (30 mg L-1) 96.03 3.50 9.31 28.72 25.53
Dose 5 (40 mg L-1) 92.06 3.46 9.25 31.65 26.18
Dose 6 (50 mg L-1) 90.00 3.19 9.75 29.33 28.66

*and **Significant at 5 and 1% probability, respectively, NS not significant.
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In the evaluation of the germination speed, the application of humic acids presented an increase of 9% against
the application with humic substances (Fig. 1).

GSli

Humic substances ~ Humic acids

Figure 1. Germination speed index (GSI) at 14 days after sowing in function of humic substances and
humic acids in the germination phase of C. frutescens.

When evaluating the deployment of humic materials interaction within each dose, it was verified that
from dose 4 (30 mg L™) there was a significant effect, with a progressive increase of humic acid values up to 50
mg L. The radicle length was increased by 25% when using humic acids (Table 3). These results corroborate
the study of Traversa et al. [2], when verifying that the root length was significantly altered by the addition of
humic acids.

Table 3. Interaction (M vs D) of the humic substances (HS) and humic acids (HA) materials within each
category of doses considering seedling radicle length (SRL) of C. frutescens. At 14 days after sowing in the
germination stage.

Doses Humic materials
HS HA

1 18.02a 21.99 a
2 20.02 a 24.87 a
3 22.11a 27.97 a
4 24.64 b 32.80a
5 25.73b 37.58a
6 29.31b 39.35a

means followed by the same letter do not differ in lines by tukey test at 5% probability.

About the aerial part, a quadratic adjustment was observed with increasing doses of humic materials
(Fig. 2) and positive increments were observed from dose of 20 mg L™. With this, higher values (28 millimeters)
were obtained with the application of 50 mg L™,

DOI: 10.9790/2402-1202023339 www.iosrjournals.org 36 | Page



Evaluation Of Germination Of Chilli Pepper Using Humic Substances And Humic Acids

30 4 0 y=0416¢ - 0481x+ 832
R'=0939

AP (mm)

b}

T T T
0 2 3 4 5 6

Doses of humic materials

Figure 2. Aerial part (AP) of the seedling at 14 days after sowing as a function of the doses of humic
materials in the germination stage of C. frutescens

1V. Discussion

One of the main factors that may affect seed germination and initial growth after application of humic
substrates refers to the characteristics of organic matter fractions.

The atomic ratios determined by elemental analysis provide evidence of the structural characteristics of
humic substances and humic acids. A lower H/C ratio indicates a higher aromaticity and a lower C/O ratio
indicates a lower degree of humification of the NOM fractions. Giovanela et al. [19] suggests that H/C atomic
ratios greater than 1 indicate that the origin of organic matter is due to vascular plants.

The contents of functional groups determined by **C NMR, corroborate with the H/C and C/O ratios,
evidencing higher abundance of aliphatic and carboxylic groups in humic acids compared to humic substances.
The E4/EG6 ratio is an important indicator of condensation degree of humic molecules and is generally associated
with aromaticity. According to the literature, ratios less than 4 are indicative of the presence of condensed
aromatic structures and ratios greater than 4, indicate the absence of such structures [2, 20].

The use of different doses of humic acids and humic substances in the germination of C. frutescens are
in agreement with Conceicéo et al. [21], who did not observe significant difference in the germination and vigor
of corn seeds with the presence of humic material.

Piccolo et al. [22] evaluated the effects of humic acids and fractions of humic acids derived from coal
on the germination and growth of the Lactugasativa and Lycopersicum esculentum species, and the data
corroborate with this study, where there was no effects of humic materials application in the percentage of
germination and also verified that the humic acids without fractionation presented better effects on the seedlings
growth.

Borsari [23] emphasizes that these substances represent a source of Nitrogen, Phosphorus and Sulfur
release, directly influencing plant nutrition and consequently the development of species. On the other hand, the
humic acids contribute in the availability of the adsorbed or complexed phosphorus with ions in the clay
fraction, forming the calcium phosphate precipitate that is unavailable to most plants.

Silva et al. [24] and Borsari [23] relate the promotion of root growth of species after application of
humic materials with the concentration and origin of the material used in the soil and with the botanical species
to be studied.

Piccolo et al. [22] shows that fractions of organic matter with low molecular weight and high levels of
acid groups favor seedling development and cell elongation. The characterization data of the humic materials
showed that humic acids have higher acid groups than humic substances. In addition, humic acids have lower
molar mass compared to humic substances, which may be related to the increase in germination speed [22].

Bernardes et al. [5] demonstrated that humic substances can influence the increase and speed of
germination rates and the growth of seedlings with better quality. According to Carvalho and Nakagawa [25]
factors such as structure, aeration, water retention capacity and degree of contamination by pathogens may vary
according to the humic material used, favoring or impairing the germination of the seeds.
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Similar results, for the quality of the germination, were obtained with the humic substances isolated
from soil organic matter where the humic substances used favor the development of the root system as well as
the accumulation of nutrients and chlorophylls biosynthesis [26].

The mean time and the rate of germination are the main variables when it is aimed to evaluate the
physiological potential of seeds. In this case, the main physiological effect of humic materials is the increase in
root growth, which depends on the species and age, as well as on the source and concentration of humic material
used [24].

According to Silva et al. [24] the analysis of the mean germination time is important to evaluate how
the experimental conditions can influence in the speed of seed imbibition.

In the case of chilli pepper, the combination of materials that function as organic fertilizers, such as
humic substances and humic acids, may result in different responses in the germination phase and in the initial
development stage of the C. frutescens seedling [27].

Studying the direct interaction between acids and root growth, Jindo et al. [28] observed that in the root
samples, which humic acids were applied, there was root growth, especially in samples containing more
carboxylic groups. When analyzing the structural characteristics (Table 1) of humic acids against humic
substances, we observed a higher content of carboxylic groups in humic acids, corroborating the results obtained
for root growth.

Silva et al. [24] evaluated the application of different humic materials in Solanum lycopersicum L.
(tomato) isolated from peat bogs at different stages of organic matter decomposition. The humic acids
stimulated the appearance of root hairs, promoting a significant increase in the number of lateral roots emerged
from the main axis. In this case, the humic acids were the humified fraction of greater bioactivity, since it
presented greater capacity of induction of lateral roots in the initial stage of development.

This action may be associated with the performance of humic materials in the seedlings as a plant
regulator, promoting an increase in H* synthesis and favoring, through the formation of an electrochemical
gradient, the loosening of the cell wall and, consequently, expansion of cells, tissues and organs.

Thus, the presence of functional clusters with hormonal characteristics and the ability to activate the
proton pump of the plasma membrane, are potential indicators of the bioactivity of humic acids [28]. These
results corroborates with the structural characteristics determined in this study (Table 1).

In this context, Traversa et al. [2] comparing the main chemical and physico-chemical properties of
humic acids at doses 10 mg L™, 50 mg L™ and 200 mg L™ and evaluating bioactive effects on the germination
of Panicum virgatum L. observed that humic acids positively influenced germination and root growth.

While Vendruscolo et al. [10] evaluating the germination and initial growth characteristics of sorghum
sorghum (Sorghum bicolor L. Moench) by applying a commercial product based on humic substances, verified
that there was no effect of doses of humic substances on germination and initial growth of sorghum seedlings. In
addition to these bioactive effects, humic acids are considered as additives for the introduction of
microorganisms in the form of inoculants in the soil-plant system [6].

Thus, the effect of humic materials depends on the origin and quality of organic matter, important in
the final relationship between organic acids and mineral, chemical and biological components from soil,
promoting better and more stable interactions.

These results evidenced the possibility of using humic substances and humic acids in the germination
of Capsicum frutescens L. as a natural fertilizer avoiding the use of substrates that may cause environmental
impacts when applied.

V. Conclusion

Humic substances and humic acids from peat are promising in the germination and initial growth of
Capsicum frutescens L. Although a further step in the extraction process was required, humic acids had more
humification degree with higher contents of oxygenated groups when compared with humic substances. The
humic acids reflected positively on the germination speed index (GSI) and mean germination time (MGT) of
Chilli pepper seeds at 14 days after seeding. The application of humic acids also showed higher lengths for the
radicle and aerial part of plant, considering the initial stage of development. Thus, the use of humic acids is
more efficient for initial germination and growth of chilli pepper (Capsicum frutescens L.) compared to humic
substances.
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