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ABSTRACT

Organic fertilization is a potential agroecological practice for the optimization of the cowpea
production chain. The objective of this work was to evaluate the amounts of earthworm humus
incorporated into the soil and the liquid humus via leaves in cowpea plants. The experiment was carried
ou tin 2012, using the "BRS pujante” variety cultivated in Fluvic Neossol. The experimental design
was in randomized blocks, in a factorial scheme 5 x 2, and 4 replications, totaling 40 plots. It was
studied five amounts of earthworm humus: (0.0; 2.0; 3.0; 4.0; and 5.0 kg m™ per line) and liquid
humus: (Hi=presence and Ho=absence). The amount of 5 kg m™ of earthworm humus per line provided
higher values for grain mass, number of grains and of pods, whereas the mass of 100 grains was
influenced by the lower amount of humus. There was no difference between application of liquid

humus (H1) to any of the variables.
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CRESCIMENTO E PRODUCAO DE Vigna unguiculata L. SUBMETIDO A ADUBACAO
ORGANICA COM HUMUS DE MINHOCA

RESUMO

Adubacdo organica é uma pratica agroecoldgica em potencial para otimizacdo da cadeia
produtiva do feijoeiro. Objetivou-se com este trabalho avaliar quantidades de himus de minhoca
incorporadas ao solo e de humus liquido via foliar em plantas de feijdo-caupi. O experimento foi
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conduzido em 2012, utilizando a variedade “BRS pujante” cultivada em Neossolo Flavico. O
delineamento utilizado foi em blocos casualizados, num esquema fatorial 5 x 2, e 4 repeticdes,
totalizando 40 parcelas. Estudaram-se cinco quantidades de himus de minhoca: (0,0;2,0; 3,0; 4,0e 5,0
kgm por linha) e de himus liquido: (Hi=presenca e Ho=auséncia). A quantidade de 5kg m™ por linha
de himus de minhoca proporcionou maiores valores para massa de gréos, nimero de gréos e de vagens,
ja a massa de 100 grdos foi influenciada pela menor quantidade de himus. Nao houve diferenca entre

aplicacdo do htimus liquido (H1) para nenhuma das variaveis.

Palavras-chave: Caupi, Lumbricus rubellus, agroecologia, semiarido

INTRODUCTION

The cowpea (Vigna unguiculata (L.) Walp) is cultivated in several arid and semi-arid regions.
This crop presents good rusticity, tolerance to high temperatures, drought, and good conditions for
adaptation and expansion of these exploited areas. It is considered a major food to these populations
(COELHO et al., 2013). This legume has high protein content, being its seeds a source of amino acids,
thiamine, niacin, and also dietary fibers. Thus, this is a good option to improve life quality, as a low
cost food (FONSECA et al., 2010).

The cowpea is very adapted to the different types of organic fertilizers. Given that, this system of
organic production presents itself as a potential practice to optimize the production chain of vigna
cowpea in the semiarid (PEREIRA et al, 2013b). In turn, cowpea is a crop that requires few soil
fertility (ANDRADE JUNIOR et al, 2007), as organic fertilization is widely studied as a form of
nutrition for vegetables, with a reduction in the application of chemical fertilizers, and consequently,
greater conservation of natural resources (PEREIRA et al., 2013a).

Numerous products of organic origin can promote greater soil fertility and increase crop vyields.
Among these fertilizers, there are earthworm humus, which is a substance extremely rich in
decomposed organic matter (RODRIGUES et al., 2012). It is an organic fertilizer of excellent quality,
which besides increasing soil fertility providing nutrients such as N, P, K, Ca, and Mg, it is also very
important for maintenance and improvement of the physical attributes of the soil, such as: aeration,
water infiltration and retention, humidity maintenance, and soil structure improvement.

Earthworm humus can be used both in liquid form and in solid form. For the production of liquid

humus, the solid earthworm humus is mixed with water and let resting for 24 hours, then the nutrients
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present in the humus can be released into the water. This solution will contain mineral nutrients and
organic acids that provide the growth and development of plants (ARTEAGA et al., 2007). Its use
benefits cowpea, increasing its productivity and yield (CAVALCANTE et al., 2009), because when
these fertilizers are applied to the leaf in liquid form, their absorption occurs more rapidly and these
nutrients translocate to all vegetative parts of the plant.

Considering the scarcity of studies in the literature regarding organic fertilization with earthworm
humus in semi-arid conditions and the growing need for sustainable and economically viable practices
in agriculture, the objective of this work was to evaluate amounts of earthworm humus embedded in

the soil and the liquid humus via leaf in cowpea plants.

MATERIAL AND METHODS

The research was carried out under field conditions at the State School of Elementary and Middle
Education Nossa Senhora da Conceicdo, in the municipality of Belém de Brejo do Cruz. This
municipality is located in the semi-arid region of Northeastern Brazil, in the Northwest of the State of
Paraiba, whose geographical coordinates are: 6°28'12 "S, 37°20'32" W of Greenwich having an altitude
of 176 m. The climate of the municipality, according to the Képpen classification, is of the type BSWh
', that is: dry, very hot type of steppe, with rainy season in the summer, and with the coldest
temperature of the month superior to 18°C.

Soil analysis was performed at 0-20 cm depth, classified as Fluvic Neossol, according to the
Brazilian Soil Classification System (SBCS) (SANTOS et al.,, 2013), presenting the following
characteristics: pH ( H20) = 6.00; Ca* = 2.34 (cmol. dm3); Mg*? = 2.41 (cmol. dm™®); Na* = 0.02
(cmole dm3); K* = 0.33 (mg dm™); H = 0.69 (cmol. dm?); AlI** = 0.00 (cmol. dm?®); CTC = 5.79
(cmole dm3); SB = 88 (%); C.0. = 4.7 (%); M.O. = 8.1 (%); N* = 0.4 (g kg}); assimilable phosphoryl =
1.83 (mg/100); sand = 640; silt = 206; clay = 154 (g kg™); overall density = 1.54; particle density =
2.68 (g cm™); total porosity = 42.54 (%); field capacity = 146.9; permanent wilting point = 76.60;
available water = 70.3 (g kg™); and textural class = sandy loam.

The experimental design was a randomized complete block design, with 10 treatments, ina 5 x 2
factorial scheme with four replications, totaling 40 experimental plots. The effects of five amounts of
California red (Lumbricus rubellus) earthworm humus were studied: (A1 = 0.0, A2 = 2.0, A3 =3.0, As =
4.0, and As = 5.0 kg m™ per line), and two sources of liquid humus with (H1 = presence) and without
(Ho = absence).
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The soil preparation consisted of cleaning the experimental area; it was performed manually with
the aid of a hoe, then the experimental plots were delineated and the foundation fertilization was
carried out with the said amounts of earthworm humus placed in the planting line and posteriorly
incorporated into the soil. Two days after fertilization of the foundation, the planting was manually
done in holes with seeds of cowpea of the “BRS pujante” variety, on March 24th, 2012, placing three
seeds per hole at the spacing of 1.0 x 0.50 m, totaling a population density of 20,000 plants/hectare.

A thinning of the plants was carried out eight days after sowing (DAS), leaving only one plant
per hole. Manual weeding was carried out whenever necessary, minimizing competition for water and
nutrients.

The liquid humus was obtained by dilution in water in a ratio of 4:1, consisting of 20 liters of
water to 5 kg of earthworm humus, being standardized and placed in rest for 24 hours for the proper
application in the treatments applied via leaf with costal pump aid. The applications were carried out in
the interval of eight days between each application, with the beginning of the first application 30 days
after sowing. Four applications of the liquid humus were made, and the applications ceased when the
plants reached full flowering.

The chemical analysis of earthworm humus was determined in the Irrigation and Salinity
Laboratory (LIS) of the Center of Technology and Natural Resources of the Federal University of
Campina Grande - UFCG, and it presented the following characteristics: pH H.O (1:2.5) = 7.38,
electrical conductivity = 2.11 dS/m; calcium = 35.40 meqg/100 g soil; magnesium = 19.32 meq/100 g
soil; sodium = 1.82 meq/100 g soil; potassium = 1.41 meqg/100 g soil; S = 57.95 meq/100 g soil;
hydrogen = 0.00 meg/100 g soil); aluminum = 0.00 meq/100 g soil; T = 57.95 meg/100 g of soil;
qualitative calcium carbonate = present and assimilable phosphorus = 55.14 meq/100 g of soil.

The irrigation system adopted was located by the Santeno Il (Leisure) tape method with water
supplied through a reservoir available at the school itself, pumped through a single-phase 1.0 cv pump.
Irrigations were carried out with daily irrigation, divided in two applications (morning and afternoon),
providing a water slide of approximately 8.0 mm day?* with the purpose of favoring the microbial
activity of the soil. The water used in the irrigation had a pH of 7.53, electrical conductivity of 0.8 (dS
m1), being classified, according to Richards (1954), as C3Ci.

The variables analyzed were: grain mass per plant, number of grains per plant, mass of 100
grains, number of pods per plant, main branch length, and stem diameter. The statistical analyses were

carried out with the aid of the SISVAR 5.0 computational program. The data were analyzed and
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interpreted from analysis of variance (F test) and by average comparison by the Tukey test, according

to Ferreira (2011), at the 1% and 5% significance levels.

RESULTS AND DISCUSSION

There were no interactions between the amounts of earthworm humus incorporated into the soil
and the liquid humus applied via leaf to the variables: grain mass per plant, number of grains per plant,
mass of 100 seeds, number of pods per plant, main branch length, and stem diameter (Table 1).
However, when analyzing the isolated factors (amounts of earthworm humus and liquid humus), we
can verify that the grain mass per plant, number of grains per plant, mass of 100 seeds, and number of

pods per plant were influenced only by amounts of earthworm humus.

Table 1. Summary of analysis of variance for grain mass per plant (GMP), number of grains per plant
(NGP), mass of 100 seeds (M100S), number of pods per plant (NPP), main branch length
(MBL), and stem diameter (SD), of cowpea plants (Vigna unguiculata L.) as a function of
amounts of earthworm humus and liquid humus, Belém do Brejo do Cruz, PB, 2012.

SOURCE VARIATION  GL AVERAGE SQUARES

GMP NGP M100S NPP MBL SD
Amounts of humus (A) 4 145607 649.417  16.93" 1521.28™ 0.392™ 4.47™
1° degree components 1 52956~ 2377.84™ 35,68 2.92°  0.010"™  7.84"™
2° degree components 1 19.05™ 148.22" 7.43™ 0.56™ 0.002™  9.65™
Regression deviation 2 169.16 35.79 12.31 3.08 0.778 0.18
Liquid humus(H) 1 25.60™ 133.22"™ 0.02" 270.40™  0.770™  0.04™
Interaction (A x H) 4 23.85™ 96.41" 2.46™ 100.08™  0.181™  1.14™
Residual 30 5.83 587.04 2.15 158.08 0.413 2.42
CV (%) 5.78 10.06 4.18 16.72 28.49  15.65

GL.: Degree of freedom, ** and * significant at 1 and 5%of probability, respectively, and ™not significant by the F test.

The evolution of grain mass per plant presented an increasing linear behavior (Figure 1A). It was
verified that when the amount of humus was increased there was an increase in mass of grains per
plant, where the highest amount applied was obtained the maximum value 49.28 g, when compared to
the control amount of 5.0 kg m? per line, an increase of 43.46% was noticed respectively. The results
corroborate those found by Cavalcante et al. (2009), studying the mass of grains per plant, where they
observed an increase with the increment up to the estimated dosage of 89.3 ml/plant/time of
unfertilized biofertilizer, providing a maximum weight of 48 g.

This behavior observed in the grain mass per plant is related to the fact that this crop responds

very well to fertilization with earthworm humus and other organic composts, improving the physical,
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chemical and biological characteristics of the soil also. Galbiatti et al. (2011) studying the cowpea
productivity observed that the treatments that received the biodigester effluent based on bovine manure
presented the best productivity.

Probably this increase in grain mass per plant has occurred due to the fact that earthworm humus
was already supplied in a form of aerobic decomposition by earthworms that potentiate the action of
microorganisms in the soil because it is very rich in macro and micronutrients.

It is observed (Figure 1B) that the number of grains per plant was influenced by the amounts of
earthworm humus, adjusting itself to an increasing linear model, evidencing an increase of 134.92 of
number of grains per plant at each amount of humus applied, where the highest amount of humus used
provided a maximum value of 246, in the number of grains per plant, observing an increase rate of

82.22%, respectively, when related to the control.
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Figure 1. Mass of grains per plant (A), number of grains per plant (B), mass of 100 grains (C), and
number of pods per plant (D), of cowpea plants (Vigna unguiculata L.) as a function of
amounts of earthworm humus, Belém do Brejo do Cruz, PB, 2012.
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This result can be attributed to better plant nutrition, that according to Longo (1995), earthworm
humus is on average 70% richer in nutrients than conventional humus, where the N content is almost
five times higher, while P is seven, K is eleven and Mg is three times greater. Thus, these nutrients
content in the soil expand the root system of the plant, thus a better absorption of these nutrients occur,
and in turn also occurs a greater translocation of these to the vegetative part of the plant, leaving it
more nourished and with greater productive capacity.

For the mass of 100 seeds, a significant decreasing linear model was observed (Figure 1C). It was
observed that the amount of earthworm humus increased in the “BRS pujante” cowpea plants. There
was a reduction of the mass of 100 seeds, observing that the control obtained the highest value (29.18
g) while the highest amount of humus of earthworm provided lower value (26.54 g). The results
obtained in this variable differ from those found by Gerlach et al. (2013). When evaluating the organic
and mineral fertilization in the development and productivity of the cultivars of precocious cowpea
(type 1), Juriti (type I1), and Perola (type IlI), they found better results with organic fertilization,
however, inferior to those results found in the present research.

This behavior may be possibly attributed due to the fact of the availability of the high level of
mineralized fertilizer by the microorganisms in short time for the plants to assimilate large amounts of
nutrients. However, successive applications of organic compounds into the soil can cause negative
effects in both soil and plants (GALBIATTI et al., 2011; FIGUEIREDO et al., 2012; PEREIRA et al.,
2013a).

There was a linear increase in the number of pods per plant, evidencing an increase of 57.757, per
kg m? per line of earthworm humus applied to the soil, with a maximum value of 89 in the amount of 5
kg m per line of earthworm humus, with an increase of 53.44% when compared to the control (Figure
1D). These results are in agreement with those of Pereira et al. (2013a) when evaluating the yield of the
cowpea vigna founding superiority in the number of pods per plant with the use of earthworm humus.

This increasing behavior in the number of pods per plant with the applications of humus can be
attributed to the composition of earthworm humus, where it constitutes an excellent source of nutrients,
besides changing the physical and chemical characteristics of the soil, promoting nutrient supply to the
cowpea (OLIVEIRA et al., 2001).

No significant difference was observed in the length of the main branch, with the mean values of

the smallest amount being greater than 2.23; 2.25; 2.26; 2.27; and 2.28 (m) respectively, resulting in an
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increase of 2.24%, 1.33%, 0.88%, and 0.44% in the amount of humus of As (5.0 kg m? per line) in
relation to the amounts (0.0, 2.0, 3.0 and 4.0 kg m™ per line), according to the Table 2.

Table 2. Length of main branch (LMB) and stem diameter (SD), of cowpea plants (Vigna unguiculata
L.) as a function of amounts of earthworm humus, Belém do Brejo do Cruz, PB, 2012.

Analyzed variables

Amounts of humus

LMB (m) SD (mm)
A1 2.23a 8.69a
Az 2.25a 8.94a
Az 2.26a 9.07a
Ay 2.27a 9.20a
As 2.28a 9.33a

*Means followed by the same lowercase letter in the column do not differ statistically by the Tukey test at 5% probability.

The results found corroborate with those obtained by Pereira et al. (2013b), who observed non-
significant effects on main branch length by studying the growth and yield of vigna cowpea submitted
to organic fertilization with bovine manure, goat manure and earthworm humus. Differentiated
behaviors were observed by Nascimento et al. (2004) studying the effect of variation of available water
levels on the growth and production of cowpea cv. IPA 206 where they were submitted to the
regression analysis, observing quadratic effect.

Regarding the stem diameter, no significant difference was observed, with a change from 8.69 to
9.33 mm in the stem diameter between the lowest and the highest amount of earthworm humus with an
increase of 7.36%, in relation to the amount (As), from kg m™ per line to A1 (0.0 kg m™ per line).

According to Santana et al. (2012), this slight increase in the stem diameter of the plant occurred
possibly due to the addition of organic matter into the soil, resulting in beneficial effects, such as the
improvement in the biological, physical and chemical properties of the soil, thus increasing the supply
of nutrients to the plants.

The results obtained in the present research were superior to those found by Giomo et al. (2001),
that when studying different dosages and concentrations of biofertilizers they found diameters ranging
from 7.9 to 8.8 mm in cowpea plants. On the other hand, the results found resemble those obtained by
Santana et al. (2012) and Pereira et al. (2013b) that when studying the growth and yield of Vigna
cowpea submitted to organic fertilization with bovine manure, goats manure, and earthworm humus

also did not observe significant difference for this characteristic.
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As for the liquid humus of earthworm applied to “BRS pujante” cowpea plants, it can be
observed that the analyzed variables were not statistically affected by the application of liquid humus,
according to Table 3.

Table 3. Grain mass per plant (MGP), number of grains per plant (NGP), mass of 100 seeds (M100S),
main branch length (CRP) and stem diameter (DC), of cowpea plants (Vigna unguiculata L.)
as a function of presence (Hi) and absence (Ho) of liquid humus, Belém do Brejo do Cruz,

PB, 2012.
Liquid humus Analyzed variables
GMP (g) NGP M100S () NPP MBL (m) SC (mm)
H: 43.56a 198a 28.15a 78a 2.39a 9.05a
Ho 41.86 a 197a 27.25a 73a 2.17a 9.04a

*Means followed by the same lowercase letter in the column do not differ statistically by the Tukey test at 5% probability.

For the analyzed characteristics of the cowpea grain mass per plant, number of grains per plant,
mass of 100 seeds, number of pods per plant, main branch length, and stem diameter, submitted to the
application of liquid humus with (H1) and without (Ho), although they did not behave significantly.
There was an increase in treatments with liquid humus (H1) of 4.06%, 0.50%, 3.30%, 6.84%, 0.13 %,
and 0.11%, in relation to the treatments without applications of liquid humus (Ho), respectively.

The data found in the present study corroborate with those found by Linhares et al. (2014) who,
when studying the amount of humus in the cowpea grown organically fertilized in soil and climate
conditions in Catolé do Rocha, observed similar statistical effects for the stem diameter. In the same
way, Beltrdo Junior et al. (2012), when evaluating the yield of cowpea fertilized with different dosages
of organic biofertilizer produced through the accelerated biodegradation of coconut waste in the
municipality of Trairi, CE, they found significant differences for the characteristics analyzed.
According to Silva et al. (2011), organic fertilization not only increases productivity, but also produces
plants with better qualitative characteristics.

According to Figueiredo et al. (2012), very high dosages of organic fertilizers can become
harmful to the crops, which will depend on their chemical composition, rate of mineralization and

nitrogen content.

CONCLUSIONS
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The amount of 5 kg m™ per line of earthworm humus provides higher values for grain mass per
plant, number of grains per plant, and number of pods per plant, except for the mass of 100 grains
which was influenced by the least amount of earthworm humus.

The application of liquid humus (H:1) does not influence the grain mass per plant, number of
grains per plant, mass of 100 seeds, number of pods per plant, main branch length, and stem diameter
of “BRS pujante” cowpea plants.
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