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ABSTRACT

The effects of humic substances as well as silicate rocks as a source of nutrients in agriculture is acommon strategy,
but the specific effects of these substances on native trees are still poorly known. The application of these inputs in
the production of seedlings for restoration depends on the analysis of their effects on the various parts of the plants,
mainlyon the root system, which plays an important role in the survival of the seedlings after planting. In this study,
we used morphological, anatomical, and nutrient uptake data to report the effects of rock dust and humic substance
in the growth of the slow-growing Chloroleucon dumosum. The experiment consisted of four treatments in scenarios
with presence and absence of rock dust and peat humic substances in the best concentration obtained in a previous
experiment. The treatments were repeated nine times in a randomized block design (DBC) arrangement. Seeds were
sown in pots (1.7 L) with soil and sand substrate (2:1). SH promoted root growth of C. dumosum and the response
was dependent on the source and its concentration. The rock powder promoted the dry mass of C. dumosum shoot
at 60 days after the treatments. In treatments containing rock dust added to the substrate there was a reduction in
nodulation. The growth variables were all significantin the treatments with addition of rock dust, with the presence
of the highest averages appearing at 90 days after the treatment’s application. Rock dust promoted the growth of C.
dumosum and when associated with SHs this growth was more pronounced. There was no significant effect for N, K
and Si. The treatments with rock dust presented the lowest phosphorus content in the shoot tissue.

Keywords: Fabaceae. legume. silicate. root growth.

1 INTRODUCTION

Humic substances (HS) are the main components of soil organic matter (85 to 90%),
resulting from chemical and biological transformations of plant residues and microbial activity.
Beneficial effects of humic substances on plant growth and the root system have been
recognized in many studies, but specific effects of these substances on different parts of plants
and different growth stages still need to be furtherinvestigated (ROSE et al. 2014).

Rocks are the source of almost all chemical elements that occur naturally on the Earth's
surface. The use of humic substances and silicate rocks as a source of nutrients in agriculture is
an ancient practice, which has beenreducedinthe last century due to the increased use of high
solubility fertilizers. In addition, so far, there is no consensus on the efficiency of these inputsin
providing nutrients and promoting plant growth, mainly due to the slow solubilization of
minerals presentin rocks (SAMPAIO; FREITAS, 2021).

The low survival of caatinga seedlings has been an important bottleneck in the
restoration of this ecosystem. Thus, in the search for alternatives to produce seedlings with
better quality, this study analyzes the effect of humic substances and rock dust on the growth
of Chlroleucon dumosum and the capacity of the plant, submitted to the treatments, to carry
out symbiosis with microorganisms.

C. dumosum is a species present in several regions of Brazil, used in ecological
restoration projects in the caatinga. The hypothesis of this research is that humic substances
and silicate rock powder improve the growth and nodulation of Chloroleucon dumosum, with
special action on root increment. The increase in root dry mass may be an indicator of greater
tolerance to waterstress, one of the main environmentalfilters in caatinga restoration.

220



F \ Periédico Eletrénico “FOorum Ambiental da Alta Paulista”

AP Electronic Journal “Environmental Forum of Alta Paulista”

X
b

ISSN 1980-0827 — Volume 19, Number 4, Year 2023

2 OBJECTIVES

The objective of this work was to analyze the effect of humic substances and rock dust
on the growth of Chlroleucon dumosum and on its ability to carry out symbiosis with
microorganisms.

3 METHODOLOGY
3.1 Effect of humic substances from peat and rock dust on the growth and nodulation of
Chloroleucon dumosum

The experiment was conducted in a greenhouse at the Federal University of Alagoas,
UFAL — Campus Arapiraca. The effect of fertilization with humic substances (HS) at a
concentration of 100 mg/L-1C and rock dust (RD) onthe growth and nodulation of C. dumosum
seedlingsinagreenhouse was evaluated. The experiment consisted of four treatments: irrigated
with SH, with rock powder (RD) added to the substrate, with rock powder (RD) added to the
substrate plus irrigation with SH and control. Treatments were repeated nine times in a
randomized block arrangement (RBD). C. dumosum seeds were subjected to mechanical
scarification with sandpaper (FILHO et al., 2007) and subsequent surface disinfestation with
alcohol (70%) for 1 minute, Sodium Hypochlorite (2%) for 3 minutesand 5 successive washes in
distilled water. They were then submitted to hydroconditioning, a pre-germinationtreatmentin
which the seeds are submergedin waterfor 24 hours. Fourseeds weresownin pots (1.7L), with
a substrate composed of earth and sand in a 2:1 ratio.

The soil usedin the substrate was collected in a fallow areaat the Federal University of
Alagoas, being the same soil for all treatments, so that the only variable to be considered was
the treatment itself. In preparing the substrate for the experiment, 10 gL-1 of rock dust were
added to the soil in treatments with rock dust. SH was applied 8 days after plant emergence,
when thinningwas performed, leaving one plant per pot. Five mLof peat SH concentration (100
mg L-1) were applied every 15 days, until the end of the experiment (90 days), totaling seven
applications. The effects of treatments were evaluated at 60 and 90 days after application of
treatments based on the variables: number of nodules(NN), nodule dry mass (M), root dry mass
(DRM), shoot dry mass ( MSD), stem diameter (CD), plant height (HG)and number of leaves (LN).
Os dados foram submetidos a andélise de varidncia (ANOVA) pelo teste F e as médias comparadas
pelotestet (P<0,05), com auxilio do software estatistico SISVARv.5.6 (FERREIRA, 2011).

The quality of the seedlings was evaluated using the Dikson Quality Index (DQl),
calculated by the formula IQD = [total dry matter /(RAD + RPAR)], where RAD: is the ratio
between the height of the aerial part and the stem diameterand RPAR:is the ratio of shootdry
matterto root dry matter (DICKSON etal., 1960).

3.2 Analysis of chlorophylls and carotenoids in C. dumosum seedlings at 90 DAT

Chlorophyll and carotenoid analyzes were performed according to the methodology of
Lichtenthaler (1987). The ninth and tenth leaves were removed from a repetition of each
treatment, these werekeptinanice box. Then, 20 mg of fresh mass were weighed under green
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light to avoid photodegradation, in a glass tube coveredwith aluminum foil, 5 mL of 80% acetone
were added, the weighed mass wasimmersed in the acetone solution where itremained at rest
for 48 h. The samples were read in a spectrophotometer at 470, 647 e 663 nm. After the
readings, the chlorophyll content was calculated according to the following equations:
chlorophyll a (ug.gMF-1) = [(12,25.A663) — (2,79.A647)] . V, chlorophyll b (ug.gMF-1) =
[(21,50.A647) —(5,10.A663.).V, chlorophyll a+b (ug.gMF-1) = (7,15.A663 ) + (18,71.A647).V. The
data were submitted to analysis of variance (ANOVA) by the F testand the averages compared
by the t test (P<0.05%), with the aid of the statistical software SISVARv.5.6 (FERREIRA, 2011).

3.3 Quantification of Nitrogen, Phosphorus, Potassium and Siliconin the aerial part of C.
dumosum via dry matter (DM)

To quantify the K content presentin the dry matter, the methodology of Carmo etal.
(2000) was used, with some adaptations. The material was dried in an oven with forced air
circulation at 65 2C for 72 h, ground in a Willys Knife Mill and packed in identified plastic bags.
500 mg of shoot dry mass were weighed on an analytical balance, transferred to porcelain
crucibles, placed in an electric muffle with controlled temperature. The temperature was
gradually increased to 550 2 C and the material remained for 4 h until white ash was obtained.
The ashes were dissolved in 25 ml of hydrochloric acid (0,1 mol L-1) HCL. Readings were taken
with a Quimis flame photometer (model Q398M2P).

The levels of N, P and Si presentin the dry matter of the aerial part were obtained by
the methodology of Malavolta (1997). The data were submitted to analysis of variance (ANOVA)
by the F test and the averages compared by the t test (P<0,05%), with the aid of the SISVAR
statistical software v.5.6 (FERREIRA, 2011).

4 RESULTS

4.1 Effect of humic substances and rock dust on nodulation and growth of Chloroleucon
dumosum seedlings

4.1.1 Period 60 days after treatment

It was observed that, 60 days after planting, there was a stimulus in the growth of C.
dumosum seedlings caused by the addition of rock dust (Figure 1). Treatments with the presence
of SH had a positive effect on shoot dry mass, and when associated with rock dust, this effect
became more pronounced (Figure 1A). Itis proven that HS promote plant growth, several studies
have proven the positive effect of the humifiedfraction of organic matter on the physiology and
growth of plants (CANELLAS; OLIVARES, 2014; ROSE et al. 2014).

There was a significant effect for the aerial part dry mass variable, where the best
averages were forthetreatmentswith the presence ofrock dust. Whenrock dust was associated
with SH, there was an additive effect on dry mass production, but without promoting a
significant increase. Although SH has been shown to promote plant growth, especially root
growth, application of peat SHalone did not promote growthin C. dumosum plants 60 days after
the start of SH application (Figure 1A).

Humic substances have activity like plant hormones and increase nutrient absorption
and plant growth (NARDI et al. 2021). In addition to their bioactive effects, humic acids are
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considered additives forthe introduction of microorganisms in the form of inoculants in the soil -
plant system. 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 of the soil, promoting better and more stable interactions (CANELLAS; OLIVARES,
2014).

Studies have shown that silicon can stimulate plant growth and production. For
example, the accumulation of silicon makes the leaves more erect, due to the greater structural
rigidity of the tissues and this reduces self-shading and protects the plant against unfavorable
abiotic factors, such as water stress, aluminum and iron toxicity (EPSTEIN, 1994; MIR et al. 2022).

The effect of rock dust on plant growth was proven when compared to the control,
where the averages were lower. This result may represent a possible alternative to produce
more resistant seedlings. At 60 days of treatment, it was still not possible to observe statistically
significant differences for the variable’s height, number of leaves and stem diameter (Figures
1B, 1C, e 1D).

Contrary to what we initially expected, treatments with rock dust caused a reduction
in nodule formation (Figure 1E) and nodule dry mass (Figure 1F). One hypothesis for the low
nodulation would be that structural and chemical barriers caused by silicon enrichment may
have hindered colonization by bacteria and this reduced nodulation. Several studies show that
Si enrichment in the plant promotes the formation of these barriers that end up preventing
microbial colonization, mainly fungi and nematodes (MIR et al. 2022). The beneficial effects of
Sihave been demonstrated in several plant species, and, in the case of phytosanitary problems,
it is capable of increasing plant resistance to attack by insects and pathogens. Silicon can confer
resistance to plants through its deposition, forming a mechanical barrier (EPSTEIN, 1994).
Mechanical barriers include changes in anatomy, such as thicker epidermal cells and a greater
degree of lignification and silicification (MENDES, 2011). This may have negatively affected the
symbiosis process of the plant with nitrogen-fixing bacteria, inhibiting nodulation. Although rock
dust reduces the nodulation rate, this treatment was quite efficientin plant growth, proving to
be an alternative to improve the quality of seedling production, as already reported by other
authors for forest species (ARNOTT etal. 2021).
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Figure 1. (A) dry mass of the aerial part of C. dumosum at 60 DAT (DAPM), (B) aerial part height, (C) number of leaves
(NL), (D) collar diameter (DC), (E) number of nodules (NN), (F) dry mass of C. dumosum nodules at 60 DAT (DNM).
C=Control; RD=rock dust; SH=humic substances; RD+SH=rock powder +humic substances.

4.1.2 Period 90 days after treatment

Rock dust effects on plant growth were significant at 90 DAT. The growth variables were
significant in all treatments with the presence of rock dust (Figures 2A, 2B, 2C, 2D, 2E). There
was a positive effect of the addition of rock dust on the variables: he ight,number of leaves, stem
diameter, dry mass of the aerial part and dry mass of the root, which in relation to the control
were statistically superior.
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Silicon is the second most abundantelementinthe earth's crustand accumulatesin the
tissues of all plants and represents 0.1 to 10% of their dry matter (EPSTEIN,1994). The
application of Silicon can correct soil acidity, increase phosphorus availability, increase base
saturation and Calcium and Magnesium contents in soils, in addition to Silicon absorption
bringing benefits to plants, such as greater cell wall resistance, greater photosyntheticrate, less
waterloss, greaterabsorption of Calcium and Magnesium and increased productivity (MIR et al.
2022).

The number of nodules and the nodule dry mass in the treatments with rock dust
continued to be smaller, in relation to the control (Figures 2F; 2G).
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Figure 2. (A) Shoot height, (B) number of leaves (NF), (C) collar diameter (DC), (D) nodule dry mass (DNM), (E) root
dry mass (DRM) of C. dumosum at 90 DAT, (F) number of nodules (NN), (G) shoot dry mass (DM). C=Control; RD=rock
dust; SH=humic substances; RD+SH=rock powder +humic substances.

Humic substances can act to increase the population of endophytic diazotrophic
bacteria, acting as a physical-chemical conditioner, in addition to promoting greater
establishment of bacterial inoculum inside the plant Marques (2008). This can be explained in
part by the effects of SH on increasing the number of lateral roots, which constitute the main
site of host plant infection by endophytic bacteria. SH can have positive effects in increasing
plant phytomass, as they have high surface reactivity and high molecular weight, acting as a
reservoir of nutrients and contributing to the chemical stabilization of microaggregates, as
already reported by Silva et al. (2016).

There was a significant effect fortotal dry mass and efficient use of water, where the
treatments with the best performance were those with the addition of rock dust for both
variables. There was no significant effect forthe IQD (Table 1).

Table 1. Total dry mass (TDR), efficient water use (EUA) and Dickson quality index (DQl) in C. dumosum at 90 days
after treatment application

TREATMENTS TDR (g) EUAH,0 QD
C (2.66£0.16) b (0.49+0.03) b (0.25+0.02)
RD (3.25+0.25) a (0.60+0.05) a (0.29+0.02)
SH (2.63£0.13) b (0.49+0.02) b (0.25+0.01)
RD+SH (3.36+0.20) a (0.62+0.04) a (0.28+0.02)

Means followed by the same lowercase letterin the column do not differ statistically by Tukey's test (<0.05).

Regarding the levels of photosynthetic pigments, including chlorophyll a, chlorophyll
b, chlorophyll a+b and carotenoids, there was little variation on average between treatments
(Figure 3), with no significant contrasts. The application of SH promoted a reduction in the
production of chlorophyll b, although not significantly (Figure 3 A).
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Figure 3 - Analysis of chlorophylls and carotenoids in C. dumosum. (A) Chlorophyll b, (B) Chlorophyll a, (C)
Chlorophyll a+b, (D) Carotenoids. Values expressed in ug/ml of MF. C=Control;RD=rock powder; SH=humic
substances; RD+SH=rock powder +humic substances.

Plants treated with rock dust had low phosphorus content (Figure 4A), which may have
affected nodulation. P is an essential nutrient for plant development and its deficiency limits
production and growth capacity (MORINIERE et al. 2016; PUEYO et al. 2021). In addition, Pis a
very important elementforthe nutrition of legumes and for N2 nodulation and fixation (WANG
et al. 2020). Low soil fertility, due to its great deficiency of P and micronutrients, can affect
nodulation, which are probably the most limiting factors for N2 fixation, consequently a plant
with less phosphorus can also have lower N contents (Figure 4B).

There was no significant difference between treatments for accumulation of N, K and
Siin the aerial part of the plant (Figures 4AB, 4C, 4D). Nitrogen is considered the most abundant
element, constituting about 80% of the earth's atmosphere. It is the macronutrient that most
commonly limits plant growth and production. This is because plants do not have mechanisms
for the direct absorption of Nitrogen (N2) available in the atmosphere.

Plants treated with rock dust added to the substrate showed the highest levels of
Magnesium (Mg) in the shoot tissue (Figure 4E). For the accumulation of Calcium (Ca) in shoot
tissue, there was no significant difference between treatments (Figure 4F).
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Mg is essential for plants, being absorbed from the soil solution in the form of the
Mg+2 ion, has a structural function and is involved as a cofactor in many enzymatic transfersin
respiration, photosynthesisand DNA and RNA synthesis. Cais an immobile elementin plants, in
the aerial part, the deficiency of the nutrientis characterized by the reduction of the growth of
the meristematic tissues, causing damages in the extremities and young leaves, which are
deformed and chlorotic. Ca deficiencyis rare under field conditions, especially when soils have
already beenamended with lime (TAIZ; ZEIGER, 2004).
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Figure 4. Content of P (A), N (B), K (C) and Si (D), Mg (E), Ca (F) inthe aerial part of C. dumosum. C=Control; RD=rock

powder; SH=humic substances; RD+SH=rock powder + humic substances.
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There was no statistical difference between treatments for potassium content (Figure 4C).
For legumes, potassium deficiency, in addition to affecting plant growth, reduces nodulation
(numberand size of nodules), affecting nitrogen fixation (XU et al. 2020).

Plants from treatments with the presence of rock dust showed efficient use of nitrogen.
Despite having low levels of P in the tissues, the plants treated with rock dust and humic
substancesin the substrate managed to make efficient use of phosphorus and this was enough

to keep them healthy and growing (Figures 5A, 5B).
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Figure 5. Efficient use of nitrogen (A) and phosphorus (B) by C. dumosum plants 90 days after treatment application

P deficiency has a negative impact on biological N2 fixation. The reduction in N2 fixation in
legumes with limited supply of P is generally explained by a decrease in host growth and,
consequently, inthe fixed demand for N, in the growth and functioning of the nodules or in the
growth of both (ROSE et al. 2014; WANG et al. 2020).

5 CONCLUSION

The treatment with rock dust was positive and can be recommended to produce
Chloroleucon dumosum seedlings, causing a greaterincrease in the dry mass of the aerial part,
in the measurement made after 60 days, mainly when combined with humic substances. This
benefit was greater90 days after planting, whenin addition to the dry mass of the aerial part,
there was an increase in height, stem diameter and number of leaves. The increase was also
observedinthe treatment with rock dust associated with humic substances, but not when humic
substances were alone.

On the otherhand, rock dust inhibited Chloroleucon dumosum nodulation, even when
added to humic substances. The addition of humic substances did not change any of the
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analyzed parameters related to plant growth, except when associated with rock dust, when it
promoted greater growth (but without statistical significance) in relation to rock dustalone.

The treatments did not alter the chlorophyll and carotenoid contentin the plants, but
the phosphorus (P) concentration waslowerin the two rock dust treatments(alone or combined
with SH) and the MG concentration was higher in the treatments where there was addition of
rock dust. Although treatments with rock dust conditioned low levels of phosphorusin the
tissue, this fact was not important to reduce the performance of C. dumosum seedlings in this
initial phase.

Since rock dust added to the substrate inhibited nodulation, we suggest adding this
substrate in other phases of plant growth, only after nodulation, so that this processis not
inhibited in the initial phase of growth.
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