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Humic substances are increasingly being used as biostimulants
and may even benefit the development of forage peanut (4rachis
pintoi cv. Amarillo MG 100), a promising species for the recovery
of degraded pastures. The study aimed to evaluate different
concentrations of humic substances extracted from vermicompost
from cattle manure on growth and nutrient content in forage peanut
plants inoculated with Bradyrhizobium spp. The experiment was
carried out in a greenhouse, in a randomized block design, with
five concentrations of humic substance and five replications. The
shoot dry matter, root dry matter, the number of nodules, the
content of macronutrients in the shoot, total chlorophyll content,
chlorophyll a/b ratio, and quantum efficiency of the photosystem
II were evaluated. The addition of humic substances increased the
yield and nutrient accumulation of the forage peanut plants. The
shoot dry matter responded in a quadratic manner to the addition of
humic substances. The concentration of 40 mg L' of C increased
45.85% of the number of nodules compared to the control. There
were improvements in efficiency of the photosystem II and the
accumulation of nitrogen, potassium, calcium and magnesium by
up to 12 % (37.1 to 41.5 mg pot™), 8.6 % (35.3 to 38.3 mg pot™'),
13.5 % (21.8 to 24.7 mg pot™!) and 7.5 % (9.8 to 10.53 mg pot™),
respectively, in the shoot with the humic substances application,
except for the phosphorus accumulation.

Keywords: biostimulants, nodulation, soil of low fertility, photosystem
11, Bradyrhizobium

Predominantly in the agricultural production
system, areas with pasture are occupied with plants
from the Poaceae family, which require high doses of
nitrogen fertilizers to enhance their yield. However, the
high cost compromises the supply of this input, leading
to low availability of nitrogen (N) for cultivation,
which leads to degradation of pastures (Canto et al.
2016 and Vasques et al. 2019). The yield recovery in
these areas requires sustainable alternatives (Dias-
Filho 2017). In this sense, the introduction of forage
legumes associated with biostimulants can be adopted,
envisioning productive systems with less impact on the
environment.

Fodder legumes, such as forage peanuts (4. pintoi
cv. Amarillo MG 100), are efficient in biological

Las sustancias humicas se utilizan cada vez mas como bioestimulantes
y pueden también beneficiar el desarrollo del mani forrajero (Arachis
pintoi ve. Amarillo MG 100), una especie prometedora para la
recuperacion de pastos degradados. El objetivo del estudio fue
evaluar el efecto de diferentes concentraciones de sustancias humicas
extraidas del vermicompost de estiércol de ganado en el crecimiento
y contenido de nutrientes en plantas de mani forrajero inoculadas con
Bradyrhizobium spp. El experimento se realizo en un invernadero,
con un disefio de bloques al azar, cinco concentraciones de sustancia
humicay cinco réplicas. Se evaluo la materia seca del brote, la materia
seca de la raiz, el nimero de nddulos, el contenido de macronutrientes
en el brote, el contenido de clorofila total, la relacion clorofila a/b y la
eficiencia cuantica del fotosistema II. La adicion de sustancias himicas
aumento el rendimiento y la acumulacion de nutrientes de las plantas
de mani forrajero. La materia seca de los brotes respondio de forma
cuadratica a la adicion de sustancias humicas. La concentracion de 40
mg L de C aument6 en 45.85 % el ntimero de nédulos en comparacion
con el control. Hubo mejoras en la eficiencia del fotosistema I1 y la
acumulacion de nitrogeno, potasio, calcio y magnesio hasta en 12 %
(37.1 a 41.5 mg maceta), 8.6 % (35.3 a 38.3 mg maceta), 13.5 %
(21.8 a 24.7 mg maceta) y 7.5 % (9.8 a 10.53 mg maceta™),
respectivamente, en el brote con la aplicacion de sustancias htimicas,
excepto en la acumulacion de fosforo.

Palabras clave: bioestimulantes, nodulacion, suelo de baja fertilidad,
fotosistema 11, Bradyrhizobium

En el sistema de produccion agricola, las areas con
pasto estan ocupadas predominantemente por plantas
de la familia Poaceae, que requieren altas dosis de
fertilizantes nitrogenados para mejorar su rendimiento.
Sin embargo, el alto costo compromete el suministro
de este insumo, lo que lleva a baja disponibilidad de
nitrégeno (N) para el cultivo, que produce la degradacion
de los pastos (Canto et al. 2016 y Vasques et al. 2019).
La recuperacion del rendimiento en estas areas requiere
alternativas sostenibles (Dias-Filho 2017). En este
sentido, se pueden introducir leguminosas forrajeras
asociadas a bioestimulantes para visualizar sistemas
productivos con menor impacto en el ambiente.

Las leguminosas forrajeras, como el mani forrajero
(A. pintoi vc. Amarillo MG 100), son eficientes en la
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nitrogen fixation (BNF), have better nutritional
quality, and can reduce production costs due to the
acquisition and availability of N (Olivo et al. 2019).
Also, this stoloniferous legume has a good adaptation
to acid soils, resistance, and tolerance to pests and
diseases (Simedo et al. 2017). Inoculation with
diazotrophic bacteria of the Bradyrhizobium (BD)
genus ensures more efficient nodulation and fixation,
contributing to the yield and stability of pastures
(Terra et al. 2019).

Complementary to BD effects in association with
forage peanut, humic substances (HS) appear to be
promising in stimulating plant growth. This benefit
may be due to hormonal signaling that results in more
structured root systems and thus greater nutrient uptake
and final yield (dos Santos et al. 2021). In addition,
they also act in osmotic regulation and promote better
photosynthesis rates (Du Jardin 2015).

This study is based on the premise that the application
of HS benefits the development of forage peanut when
grown in soil at a stage of degradation. Considering the
above, the authors aimed to evaluate the yield, nutritional
and physiological parameters in these plants when
subjected to applications of different concentrations of
HS.

Material and Methods

The soil used was representative of a degraded
pasture situation in the region of Jeronimo Monteiro-ES,
collected in the 0-20 c¢cm layer and classified as Ultisol
(dystrophic Red-Yellow Argisol, Brazilian Classification
System) (Santos et al. 2013). Subsequently, the soil
was air-dried and sieved through a 2.0 mm mesh sieve
to obtain the air-dried fine soil (ADFS) as well as the
physical and chemical characterization (Teixeira et al.
2017) (table 1).
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fijacion biologica de nitrégeno (FBN), tienen mejor
calidad nutricional y pueden reducir los costos de
produccién debido a la adquisicion y disponibilidad
de N (Olivo et al. 2019). Ademas, esta leguminosa
estolonifera tiene buena adaptacion a suelos acidos,
resistencia y tolerancia a plagas y enfermedades (Simeao
et al. 2017). La inoculacion con bacterias diazotréficas
del género Bradyrhizobium (BD) asegura una nodulacion
y fijacion mas eficiente, contribuyendo al rendimiento y
estabilidad de los pastos (Terra et al. 2019).

Las sustancias humicas (SH) parecen ser prometedoras
para estimular el crecimiento de las plantas como
complemento de los efectos del BD asociado con el mani
forrajero. Este beneficio puede deberse a la sefializacion
hormonal que resulta en sistemas radiculares mas
estructurados y, por lo tanto, una mayor absorcion de
nutrientes y rendimiento final (dos Santos et al. 2021).
Ademas, también actuan en la regulacién osmética y
promueven mejores tasas de fotosintesis (Du Jardin 2015).

Este estudio se basa en la premisa de que la aplicacién
de SH beneficia el desarrollo del mani forrajero cuando
se cultiva en suelo en estado de degradacion. Teniendo
en cuenta lo anterior, los autores tuvieron como objetivo
la evaluacion del rendimiento, indicadores nutricionales
y fisiologicos en estas plantas cuando se sometieron a la
aplicacion de diferentes concentraciones de SH.

Materiales y Métodos

El suelo utilizado fue representativo de una situacion
de pastos degradados en la region de Jerdnimo Monteiro-
ES, recolectado en la capa 0-20 cm y clasificado
como ultisol (argisol rojo-amarillo distréfico, Sistema
de Clasificacion Brasilefio) (Santos et al. 2013).
Posteriormente, el suelo se seco al aire y se tamizo a
través de una malla de 2.0 mm para obtener el suelo
fino secado al aire, asi como su caracterizacion fisica y

Table 1. Physical and chemical characterization of the soil used in the experiment

pH P K Ca Mg Al H+Al SB CEC ECEC OM
(H=0) ppm cmolc kg! %
410 025 006 023 0.08 0.8 5.5 038 588 1.18 0.74
BS m S B Fe Cu Mn Zn Sand Silt Clay
% ppm %
646 67.8 248 055 4873 0.15 1.74  0.66 5436 296 42.68

SB — sum of bases (SB = Ca +Mg + K); CEC — cation exchange capacity (at pH 7.0);
ECEC — effective cation exchange capacity; OM — organic matter; BS — base saturation;

m — aluminum saturation.

The experiment was conducted in a greenhouse
at the Federal University of Espirito Santo (20°
45’ S and 41°29’ O) in the period January-March 2019.
Daily maximum and minimum temperature values
were recorded inside the greenhouse. Daily maximum
temperatures reached 38.0 °C, with an average of
34.7 °C, and the daily minimum temperatures averaged
20.9 °C. The average humidity in this same period ranged

quimica (Teixeira et al. 2017) (tabla 1).

El experimento se realizé en un invernadero de la
Universidad Federal de Espirito Santo (20° 45 ‘S y 41°
29> W) en el periodo de enero a marzo de 2019. Se
registraron valores diarios de temperatura maxima y
minima dentro del invernadero. Las temperaturas maximas
diarias alcanzaron los 38.0 °C, con una media de 34.7 °C, y
las minimas diarias promediaron los 20.9 °C. La humedad
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from 57 % (minimum) to 78 % (maximum).

The experimental design was in randomized
blocks, with five HS concentrations (0, 20, 40, 60, and
80 mg L' of C) and five replications, totaling 25
experimental units. Seedlings were obtained by seeds
germinated in a tray. Ten days after emergence (DAE),
six seedlings were transplanted, which presented
greater homogeneity in force and size for each
definitive pot (with a capacity of 5 dm?). Soil moisture
was maintained at 60 % of maximum storage capacity
(pre-determined by gravimetric analysis method),
based on weight difference by precision balance and
deionized water was applied to the pots daily.

Seeds were disinfected according to Hungria et al.
(2010) after removing the pericarp. For inoculation
with Bradyrhizobium spp. BR1433 (SEMIA 6440)
performed in all treatments, the authors followed the
recommendation of Purcino et al. (2000) to better
adherence of the inoculants to the seeds, which were
subsequently dried in the shade for 15 minutes.

The HS were extracted from vermicompost
(Canellas et al. 2002) and presented pH (H20): 6.29;
C: 60.4 g kg'; P: 987.50 mg dm™; for K, Ca, Mg, Al,
and H + Al, 2.57, 7.71, 8.25, 0.0, 1.80 cmolc dm?
were found, respectively; SB: 18.52 cmolc dm™ and
CEC: 20.32 cmolc dm?. The concentrations of HS
were based on the carbon content (C). The chemical
fractionation of humic substances was carried out
according to the method adapted from Swif (1996). The
percentages found through the chemical fractionation
of vermicompost humic substances corresponded to
67% and 33% in the fraction fulvic acids and humic
acids, respectively.

The first HS application was performed at 20 DAE
and the second, at 40 DAE, between 6 and 7 p.m. A
manual pressure sprayer with an adjustable nozzle was
used. The plants received 2.0 mL in the first application
and 4.0 mL in the second (largest shoot dry matter)
per plant. This quantity was standardized, aiming at
the total covering of the leaves during the application
periods.

At 60 DAE, the total chlorophyll (Chl t), chlorophyll
a (Chl a), and chlorophyll b (Chl b) content in fully
expanded leaves (2 leaves/plant) was estimated by
the portable chlorophyll meter, ClorofiLOG (Falker
Agricultural Automation, Brazil), between 8 and
11 a.m. The total height (cm) was determined, and
after root collection and washing, the active nodules
(pinkish colors) were counted in each pot (NN). No high
frequency of inactive nodules was observed.

Determinations of the chlorophyll a fluorescence
were quantified using a portable modulated light
fluorometer (PSI FluorPen, FP 100 model, Drasov,
Czech Republic), from which the maximum quantum
yield of PSII (FV/FM) was obtained after adaptation
of the leaves to the dark for 15 minutes. The
measurements were made simultaneously and on the
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media en este mismo periodo oscild entre 57 % (minimo)
y 78 % (méximo).

El disefio experimental fue en bloques al azar,
con cinco concentraciones de SH (0, 20, 40, 60 y
80 mg L' de C)y cinco réplicas, para un total de 25 unidades
experimentales. Las plantulas se obtuvieron mediante
semillas germinadas en bandeja. Diez dias después de
la emergencia (DDE), se trasplantaron seis plantulas,
las cuales presentaron mayor homogeneidad en fuerza y
tamafio para cada maceta definitiva (con una capacidad
de 5 dm?). La humedad del suelo se mantuvo al 60 % de la
capacidad maxima de almacenamiento (predeterminada por
el método de analisis gravimétrico), basado en la diferencia
de peso mediante una balanza de precision y se aplicd agua
desionizada a las macetas diariamente.

Las semillas se desinfectaron segun Hungria et
al. (2010) después de extirpar el pericarpio. Para la
inoculacion con Bradyrhizobium spp. BR1433 (SEMIA
6440) realizado en todos los tratamientos, los autores
siguieron la recomendacion de Purcino et al. (2000) para
una mejor adherencia de los inoculantes a las semillas, que
posteriormente se secaron a la sombra durante 15 minutos.

Los SH se extrajeron de vermicompost (Canellas
et al. 2002) y presentaron pH (H20): 6.29;
C: 60.4 g kg'; P: 987.50 mg dm?; para K, Ca, Mg,
Al y H + Al, se encontraron 2.57, 7.71, 8.25, 0 y
1.80 cmolc dm™, respectivamente; suma de bases
(SB): 18.52 cmolcdmy capacidad de intercambio cationico
(CIC): 20.32 cmolc dm. Las concentraciones de
SH se basaron en el contenido de carbono (C). El
fraccionamiento quimico de sustancias humicas se
realizé seglin el método adaptado de Swif (1996). Los
porcentajes encontrados a través del fraccionamiento
quimico de las sustancias huimicas del vermicompost
correspondieron al 67 % y 33 % en la fraccion acidos
falvicos y acidos humicos, respectivamente.

La primera aplicacion de SH se realizd a los
20 DDE y la segunda a los 40 DDE, entre las 6 y las
7 p.m. Se utilizé6 un pulverizador de presion manual
con una boquilla ajustable. Las plantas recibieron
2.0 mL en la primera aplicacion y 4.0 mL en la segunda
(mayor materia seca del brote) por planta. Esta cantidad
se estandarizd, con el objetivo de cubrir la totalidad de
las hojas durante los periodos de aplicacion.

Alos 60 DDE, se estim6 el contenido total de clorofila
(Chl t), clorofila a (Chl a) y clorofila b (Chl b) en hojas
completamente expandidas (2 hojas/planta) mediante
el medidor de clorofila portatil, ClorofiLOG (Falker
Agricultural Automation, Brasil), entre las 8 y las
11 a.m. Se determino la altura total (cm), y luego de la
recoleccion y lavado de raices, se contaron los nédulos
activos (colores rosaceos) en cada maceta (NN). No se
observo una alta frecuencia de nodulos inactivos.

Las determinaciones de la fluorescencia de la clorofila
a se cuantificaron con un fluorometro de luz modulada
portatil (PSI FluorPen, modelo FP 100, Drasov, Reptblica
Checa), a partir del cual se obtuvo el rendimiento cuantico
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same leaves in which the chlorophyll content was
read.

The plants were separated into roots and shoots,
stored in paper bags, and placed in an oven at 65° C for
72 hours (until reaching constant weight) to determine
the shoot dry matter (SDM) and root dry matter
(RDM). The samples were subjected to grinding in
a knife mill for later determination of nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), and
magnesium (Mg).

For chemical analysis of leaf N, sulfuric digestion
was performed, followed by Kjeldahl distillation,
according to Carmo et al. (2000). For foliar chemical
analysis of the other nutrients, nitric digestion was
performed, and the reading was performed according
to Malavolta et al. (1997).

The data were analyzed for normality (Shapiro-
Wilk) and homogeneity of variance (ANOVA).
Regression analysis was performed for the quantitative
factors, where the models were chosen based on the
significance of the regression coefficients using student
t-test at the 5 % significance level and the coefficient
of determination (R?). For plotting the graphics,
SigmaPlot® software, 10 version (Systat Software Inc
2006) was used.

Results and Discussion

The application of different concentrations of
HS in forage peanuts increased the SDM by around
10.98 % (p< 0.05). It was estimated that the maximum
yield of SDM would be obtained with the concentration of
31 mg L' of C (figure 1).
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maximo del fotosistema II (PSII) (FV/FM) después de la
adaptacion de las hojas a la oscuridad por 15 minutos.
Las mediciones se realizaron simultdneamente y en las
mismas hojas en las que se leyd el contenido de clorofila.

Las plantas se separaron en raices y brotes, se
almacenaron en bolsas de papel y se colocaron en una
estufa a 65 °C durante 72 horas (hasta alcanzar peso
constante) para determinar la materia seca del brote
(MSB) y la materia seca de la raiz (MSR). Las muestras
se trituraron en un molino de cuchillas para posterior
determinacion de nitrogeno (N), fosforo (P), potasio
(K), calcio (Ca) y magnesio (Mg).

Para el analisis quimico del N foliar, se realizo
digestion sulfurica, seguida de destilacion Kjeldahl,
segun Carmo et al. (2000). Para el analisis quimico foliar
de los demas nutrientes se realizo la digestion nitrica y
la lectura se realiz6 segiin Malavolta et al. (1997).

Los datos se analizaron para determinar la normalidad
(Shapiro-Wilk) y la homogeneidad de la varianza
(ANOVA). Se realiz6 un analisis de regresion para los
factores cuantitativos, donde los modelos se eligieron
en funcion de la significacion de los coeficientes de
regresion mediante la prueba t de Student al nivel de
significancia del 5 % y el coeficiente de determinacion
(R?). Para trazar los graficos, se utilizo el software
SigmaPlot®, version 10 (Systat Software Inc 2006).

Resultados y Discusion

La aplicacion de diferentes concentraciones de SH en
mani forrajero aument6 la MSB en alrededor de 10.98 %
(p<0.05). Se estim6 que el rendimiento maximo de MSB se
obtendria con la concentracion de 31 mg L' de C (figura 1).
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Figure 1. Shoot dry matter [SDM] (a) and root dry matter [RDM] (b) of forage peanut plants according to the application of

HS concentrations. * p < 0.05; ns: not significant

Humic substances act similarly to hormones or
alkamides. They also stimulate a greater activity of H*-
ATPases in the plasma membrane, which generates
an electrochemical gradient with the extrusion of
H+, therefore greater permeability of the cell wall
(Canellas et al. 2015, Zandonadi et al. 2019). Besides,
they promote greater emission of radicular hair and
thin lateral roots, increasing the root system surface

Las sustancias humicas acttian de manera similar a
las hormonas o alcamidas. También estimulan una mayor
actividad de las H* -ATPasas en la membrana plasmatica,
lo que genera un gradiente electroquimico con la
extrusion de H+, y, por tanto, mayor permeabilidad de
la pared celular (Canellas et al. 2015 y Zandonadi et al.
2019). Ademas, promueven una mayor emision de pelo
radicular y raices laterales delgadas, lo que aumenta la
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area and exuding low molecular weight organic
acids (dos Santos et al. 2021). This activity improves
the rhizosphere environment and increases nutrient
absorption (Du Jardin 2015).

The regression was not significant (p>0.05) for
RDM. Rosa et al. (2009) evaluated the same species
and found the root system growth when applying
HS concentrations from mineral coal in the nutrient
solution. It can be inferred that the composition, as
well as the HS concentrations, induce different stimuli.
The presence of root hair has been observed with HS
application; however, such modification is difficult to
measure from the dry matter.

There was an increase in NN (figure 2) up to the
C concentration of 40 mg L (52.8 nodules pot?),
about 25.41 to 45.85 % compared to the control
treatment (36.2 nodules pot™). Note that the variation
obtained in this parameter is highly related to HS
concentrations (R*=0.968). Capstaft et al. (2020)
demonstrated, employing transcriptional RNA
analysis, that leguminous forages treated with humic
acid have positive regulation of many important genes
in nodulation.
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superficie del sistema radicular y exuda 4cidos orgdnicos
de bajo peso molecular (dos Santos et al. 2021). Esta
actividad mejora el ambiente de la rizosfera y aumenta
la absorcion de nutrientes (Du Jardin 2015).

La regresion no fue significativa (p> 0.05) para la
MSR. Rosa ef al. (2009) evaluaron la misma especie y
encontraron crecimiento del sistema radicular al aplicar
concentraciones de SH de carbon mineral en la solucion
nutritiva. Se puede inferir que la composicion, asi como
las concentraciones de SH, inducen diferentes estimulos.
Se ha observado la presencia de pelos radicales con la
aplicacion de SH. Sin embargo, dicha modificacion es
dificil de medir a partir de la materia seca.

Hubo aumento en NN (figura 2) hasta la concentracion
de C de 40 mg L' (52.8 nddulos maceta™), alrededor de
25.41 a 45.85 % en comparaciéon con el tratamiento
control (36.2 nodulos maceta!). Nétese que la variacion
obtenida en este parametro esta altamente relacionada
con las concentraciones de SH (R? = 0.968). Capstaff
et al. (2020) demostraron, a través del analisis de ARN
transcripcional, que los forrajes leguminosos tratados
con acido humico tienen una regulacion positiva de
muchos genes importantes en la nodulacion.
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Figure 2. Plant height (¢) and number of nodules (d) of forage peanut plants according to the application of HS

concentrations p < 0.01

The quadratic model (R* = 0.90; p < 0.01) (figure
2) reveals that the concentration of 55 mg L' of C of
HS provides the best result of plant height. This result
can be associated with the hormonal effect of HS when
applied in low concentration. A reduction in plant height
was observed at the HS concentration of 80 mg L' of
C, classifying this concentration as inhibitory to plant
growth.

Rosa et al. (2009), when applying 11 mg L of C in
Phaseolus vulgaris L. (Fabaceae), observed an increase
in SDM. For Pinheiro et al. (2018), there was an increase
of 44 % in plant height and 196 % in the production
of SDM from Urochloa decumbens (Poaceae) when
60 mg L' of C was applied. According to Gao
et al. (2015), HS stimulates cell metabolism and

El modelo cuadratico (R? = 0.90; p < 0.01) (figura
2) revela que la concentracion de 55 mg L' de C de
SH proporciona el mejor resultado de altura de planta.
Este resultado puede estar asociado con el efecto
hormonal de SH cuando se aplica en concentraciones
bajas. Se observo reduccion en la altura de la planta
a la concentracion de SH de 80 mg L' de C, y esta se
clasifico como inhibidora del crecimiento de la planta.

Rosa et al. (2009), al aplicar 11 mg L' de C en
Phaseolus vulgaris L. (Fabaceae), observaron un
aumento en la MSB. Pinheiro et al. (2018) encontraron
aumento del 44 % en la altura de la planta y del 196% en
la produccion de MSB a partir de Urochloa decumbens
(Poaceae) cuando se aplicaron 60 mg L' de C. Segin
Gao et al. (2015), SH estimula el metabolismo celular
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nutrient transport, generating increased cell density
of Bradyrhizobium spp., in addition to promoting the
expression of BNF-related proteins.

The concentrations of HS were significant in the
regression analysis for N and Ca (p <0.01) and K and
Mg (p <0.05) (figure 3). For P, there was no adjustment
to the linear and quadratic models.
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y el transporte de nutrientes, generando una mayor
densidad celular de Bradyrhizobium spp., ademas de
promover la expresion de proteinas relacionadas con
FBN.

Las concentraciones de SH fueron significativas en
el analisis de regresion para Ny Ca (p<0.01) y Ky Mg
(p<0.05) (figura 3). No hubo ajuste a los modelos lineal

0.7 4 (b)

UB'" _ 3
0.5 - [ L] =

0.4 +

0.3 1
0.2 +

P (mg pot')

y=0,536"%

307 (d)

10
5 1 2

¥ =-0.0034x" + 0.2633x + 21.904
0 T R’:'OI'Q‘Q?-B“ ;

(e)

o0

2 9 y =-0.0007x* + 0.0554x + 9.6787

0

Riz086e2"

0 20 40

60 80

Humic substances concentrationmgL'C

Figure 3. Accumulation of N (a), P (b), K (c), Ca (d), and Mg (e) in the shoot of forage
peanut plants according to the HS concentrations (0, 20, 40, 60 and 80 mg L' C).
Significant * p < 0.05; ** p < 0.01; ns: not significant.

The applied HS concentrations increased the
nutrient content in the shoot of the forage peanut
plants compared to the control. Increases of 12 % N
(37.1to 41.5 mg pot™), 8.6% K (35.3 to 38.3 mg pot™),
13.5% Ca(21.8to24.7mgpot'), and 7.5 % Mg (9.8 to
10.53 mg pot') were found (figure 3). The largest
increments in N and K accumulation based on
the regression adjustment would be obtained at
C concentrations of 43 and 41 mg L', respectively.
The concentration of 38 mg L' of C would be the best
for Ca and Mg accumulation.

HS maximize nutrient uptake, even at low
concentrations in the soil. Pinheiro et al. (2010) found
that N accumulation showed a quadratic performance

y cuadratico para P.

Las concentraciones aplicadas de SH aumentaron
el contenido de nutrientes en el brote de las plantas
de mani forrajero en comparaciéon con el control.
Se encontraron incrementos de 12 % de N (37.1 a
41.5 mg maceta™), 8.6 % de K (35.3 a 38.3 mg maceta™),
13.5%deCa(21.8 2247 mgmaceta')y 7.5 % de Mg (9.8
a 10.53 mg maceta™) (figura 3). Los mayores valores en la
acumulacion de N y K, basados en el ajuste de regresion,
se obtendrian en concentraciones de C de 43 y 41 mg L,
respectivamente. La concentracion de 38 mg L' de C seria
la mejor para la acumulacion de Ca y Mg

Las SH maximizan la absorcion de nutrientes,
incluso a bajas concentraciones en el suelo. Pinheiro
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in response to different humic acid concentrations
application in eucalyptus seedlings (Myrtaceae). The
increase in the macronutrient content was also reported
by Savita and Girijesh (2018), studying the soybean
(Glycine max L.) (Fabaceae) and, Junior et al. (2019) in
mangosteen plants (Garcinia mangostana) (Clusiaceae)
when humic acid is applied.

Humic acids act in the soil-microbiota-plant
interaction, mainly in the availability and nutrient
assimilation (Hayes and Swift, 2020). The BNF
contribution to forage peanut can reach almost the
totality of their N nutritional demand (Longhini et al.
2021). The higher N accumulation and nodulation rate
may be correlated. This is due to the stimulation in
root hair emission resulting from the addition of HS.
Furthermore, Quaggiotti (2004) shows that application
of humic acids increases NOs uptake in maize due to
mRNA regulation of its principal H™-ATPase.

K accumulation was elevated with increasing
concentrations of HS up to 40 mg L' of C, in contrast
to Rosa et al. (2009), who observed a decrease in the
uptake rates of this element in beans. Although the Ca
and Mg content was low in the soil, HS application
raised their uptake rate, according to Pinheiro et al.
(2010).

There was a slight decrease in P accumulation
compared to the control, varying from 2.71 to
7.42 % depending on HS concentration application.
These reductions were more expressive in the C
concentrations of 20 and 40 mg L' and rising in the
C concentration of 80 mg L. These findings can be
attributed to these nutrients’ dilutions due to higher
SDM in the referred concentrations, besides the low P
content available in the soil.

There was an effect of HS concentrations only for
FV/FM, among the evaluated physiological parameters
(figure 4). Values that run out of the 0.75-0.85 range
indicate photoinhibition damage in the PSII reaction
center (Guidi et al. 2019).

The values of FV/FM ranged from 0.802 to 0.834,
and the HS concentrations promoted an average increase
0f2.99 % compared to the control (0.802), highlighting
the applications of 80 mg L' of C (0.834). Only about
10 % of the FV/FM variability was not attributed to the
HS concentrations effect (R*=0.89; p <0.01) (figure 4).
Regardless of the treatment, there was no damage to the
PSII reaction center.

Additionally, we showed in the course of the study,
higher SDM results in improved nutrient uptake. This
enhanced nutritional status may culminate in plants
that are less susceptible to stresses (> Fv/Fm) (Fan et
al. 2014). Perhaps antioxidant enzyme analyses could
explore this point better, than chlorophyll contents.

The values of the Chl t, Chl a, Chl b, and Chl a/Chl
b ratio did not fit into the regression models evaluated
(p>0.05), showing a slight increase due to the HS
applications (3.53; 3.91 and 3.58 %, respectively)
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et al. (2010) encontraron que la acumulacion de N
mostrdé un comportamiento cuadratico como respuesta
a la aplicacion de diferentes concentraciones de acido
htimico en plantulas de eucalipto (Myrtaceae). Savita
y Girijesh (2018) también informaron el aumento del
contenido de macronutrientes, quienes estudiaron
la soya (Glycine max L.) (Fabaceae) y, Junior et al.
(2019) en plantas de mangostan (Garcinia mangostana)
(Clusiaceae) cuando se aplica acido hiimico.

Los acidos humicos actian en la interaccion suelo-
microbiota-planta, principalmente en la disponibilidad
y asimilacion de nutrientes (Hayes y Swift 2020). La
contribucion de FBN al mani forrajero puede cubrir casi
la totalidad de su demanda nutricional de N (Longhini e?
al. 2021). La mayor tasa de nodulacion y acumulacion
de N puede estar correlacionada. Esto se debe a la
estimulacion de la emision de pelos radiculares que
resulta de la adicion de SH. Ademas, Quaggiotti (2004)
muestra que la aplicacién de acidos humicos aumenta
la absorcion de NOs en el maiz debido a la regulacion
del ARNm de su principal H" -ATPasa.

La acumulacion de K aumentd con concentraciones
crecientes de SH hasta 40 mg L' de C, en contraste con
Rosa et al. (2009), quienes observaron una disminucion
en las tasas de absorcion de este elemento en frijoles.
Aunque el contenido de Ca y Mg fue bajo en el suelo,
la aplicacién de SH elevo su tasa de absorcion, segin
Pinheiro et al. (2010).

Hubo ligera disminucién en la acumulacion de P en
comparacion con el control, que vario de 2.71 a 7.42 %
dependiendo de la concentracion de SH aplicada. Estas
reducciones fueron mas expresivas en las concentraciones
de Cde 20 y 40 mg L' y aumentaron en la concentracion
de C de 80 mg L. Estos hallazgos se pueden atribuir
a las diluciones de estos nutrientes debido a una mayor
MSB en las concentraciones referidas, ademas del bajo
contenido de P disponible en el suelo.

Las concentraciones de SH tuvieron efecto solo para
FV/FM, entre los parametros fisiologicos evaluados
(figura 4). Los valores que se encuentran fuera del rango
de 0.75-0.85 indican dafio por fotoinhibicion en el centro
de reaccion del PSII (Guidi ef al. 2019).

Los valores de FV/FM variaron de 0.802 a 0.834, y
las concentraciones de SH promovieron un incremento
promedio de 2.99 % respecto al control (0.802),
destacando las aplicaciones de 80 mg L' de C (0.834).
Solo alrededor del 10 % de la variabilidad FV/FM no se
atribuyo al efecto de las concentraciones de SH (R*=0.89;
p<0.01) (figura 4). Independientemente del tratamiento,
no hubo dafios en el centro de reaccion del PSIIL.

Ademas, se demostrd durante el estudio que mayor
MSB produce mejor absorcion de nutrientes. Este estado
nutricional mejorado puede culminar en plantas que son
menos susceptibles al estrés (> FV/FM) (Fan et al. 2014).
Probablemente los andlisis de enzimas antioxidantes
podrian explorar este punto mejor que el contenido de
clorofila.
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Figure 4. Quantum yield of photosystem II (a), total chlorophyll (b), chlorophyll a (c),
chlorophyll b (d), and chlorophyll a/b ratio (e) of forage peanut plants according
to the application of HS concentrations ** p < 0.01; ns: not significant

compared to the control. The chlorophyll content was
positively correlated with N content (r =0.75), showing
that the increase in HS concentrations led to a greater
contribution of this element and higher chlorophyll
levels.

Conclusions

The application of humic substances extracted
from vermicompost increases the shoot dry matter,
plant height, and the number of nodules, as well as the
maximum quantum yield of the plants of Arachis pintoi
cv. Amarillo MG 100, indicating improvements in the
PSII reaction center.

The application of 40 mg L' of humic substances is
recommended to obtain maximum N, K, Ca, and Mg
absorption in forage peanut plants.
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