Original Research Article

Productivity of radish fertilized with a mixture of
hairy woodrose (Merremia aegyptia L.) and
carnauba straw (Copernicia prunifera).

ABSTRACT

Aims: The use of spontaneous species present in agricultural areas is of utmost importance
for farmers who cultivate in the agroecological system.

Place of Study: The experiment was conducted from September to December 2021 at the
Rafael Fernandes experimental farm, in the district of Alagoinha (5°03'37 "S, 37°23'50" W),
northwest of Mossoro, State of Rio Grande do Norte, Brazil, with the aim of evaluating the In
study the productivity of radish fertilized with a mixture of hairy woodrose (Merremia aegyptia
L.) and carnauba straw (Copernicia prunifera).

Study Design and Methodology: The treatments consisted of five amounts of a mixture
of hairy woodrose with carnauba straw (0.0; 1.2; 2.4; 3.6 and 4.8 kg m? of area). The
spacing used was 0.2 x 0.1 m, with a pit” plant. The total area of the plot was 1.1 x 0.6 m,
corresponding to 0.66 m™, with a useful area of 0.42 m™, consisting of twenty plants.
Agronomic characteristics of radish (Raphanus sativus L.): plant height; root diameter;
productivity of the area plus root; root Weight and total dry mass and root dry mass.
Conclusions: The amount of 4.5 kg m ™ of the mixture of hairy woodrose plus carnauba
straw was what promoted the greatest increase with a maximum value of 1626.66 g m? for
the aerial part plus root characteristic. The use of a mixture of fertilizers of plant origin is
promising for the development of radish in the Mossord-RN region, Brazil.
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1. INTRODUCTION

Radish (Raphanus sativus L.) is a tuberous root from the Brassicaceae family,
originating from the Mediterranean region, highly appreciated for its spicy flavor and crunchy
pulp, which, in ancient Egypt, Assyria, Greece and Rome, was a widely consumed vegetable
[1]. For [2] and [3] the cultivars that have greater market acceptance are those that produce
roots with a spicy flavor, in addition to having a globular shape and reddish color.

It is characterized as one of the shortest cycle crops among vegetables, with harvest
taking place from 25 to 30 days after sowing, which makes it a good option for rural
producers [4].

Vegetables generally react well to organic fertilizers, both in terms of productivity and
the quality of the products obtained [5]. Therefore, organic fertilization is a great example of
management that is being widely used by the agroecological system, since it often seeks to
make use of alternative materials that generate reductions in production costs, at the same
time without causing damage to the environment. environment. Its adoption, in addition to

being a way of providing healthier organic products, can correct possible deficiencies of




macro and micronutrients in the soil, such as nitrogen, phosphorus, potassium, calcium,
magnesium [6].

Among the promising species within the herbaceous extract of the caatinga, there is
hairy woodrose (Merremia aegyptia L.) with production of green and dry phytomass of the
order of 40000 and 6000 kg ha™, respectively and nitrogen content of 24.7 g kg™ and carbon
nitrogen ratio of 17.2 at 104 days after emergence, being used as green fertilizer in
vegetables [7]. Another species that presents characteristics in terms of phytomass
availability and nitrogen concentration above 15 g kg'1 is carnauba straw (Copernicia
prunifera), which is widely present in agricultural areas in the region of Mossord, RN [8].

Several studies have been carried out on vegetables using these species: arugula [9];
[10]; [11]; [12]; lettuce [13]; [14]; coriander [15].

Given the importance of studying species present within agroecological vegetable
production areas, the objective was to evaluate the productivity of radish fertilized with a

mixture of jitirana and carnauba straw.

MATERIAL AND METHODS

CHARACTERIZATION OF THE EXPERIMENTAL AREA

The experiment was carried out at the Rafael Fernanades Experimental Farm in
Alagoinha from June to August 2023, in the district of Alagoinha (5°03'37 "S, 37°23'50" W),
northwest of Mossord, State of Rio Grande do Norte, Brazil, which has around 400 hectares
[16], on soil classified as Argissolic Red Yellow Latosol sandy loam [17].

Before setting up the experiment, soil samples were taken at a depth of 0-20 cm,
which were air-dried and sieved through a 2 mm mesh and subsequently analyzed at the
Soil Chemistry and Fertility Laboratory at UFERSA. The results were as follows: pH (water
1:2.5) = 6.5; Ca = 2.2 cmol dm™®; Mg = 0.8 cmolc dm™®; K = 25.0 mg dm®; Na = 1.2 mg dm’>;
P =26.8 mgdm®and M.O.=0.6 gkg™.

EXPERIMENTAL DESIGN AND TREATMENTS

The experiment was conducted in randomized complete blocks with five treatments
and four replications. The treatments consisted of five amounts of a mixture of jitirana with

carnauba straw (0.0; 1.2; 2.4; 3.6 and 4.8 kg m™ of area). The spacing used was 0.2 x 0.1 m



with a pit™ plant. The total area of the plot was 1.1 x 0.6 m, corresponding to 0.66 m™, with a
useful area of 0.42 m™, consisting of twenty plants.

Daily irrigations were carried out (morning and afternoon) in order to maintain the soil
at field capacity for the full development of the crop. Cultural treatments were carried out
(removal of invasive plants) preventing competition for water and nutrients with the radish
crop. No chemical pesticides were used to control undesirable plants, and control was
carried out manually.

To compose the mixture of fertilizers in the research, hairy woodrose (Merremia
aegyptia L.) was used, a spontaneous species from the semi-arid region with production of
green and dry phytomass of the order of 42000 kg ha™ and 6000 kg ha™, respectively, with
nitrogen content of 24.7 g kg'l at 104 days after emergence [18].

The hairy woodrose was harvested in a vegetation area next to the experimental area
120 days after emergence, being crushed with a manual tool (machete) and incorporated
into the soil together with the carnauba straw. Samples were taken and sent to the soil
fertility and plant nutrition laboratory at the UFERSA Agricultural Sciences Center for carbon
(C) analysis; nitrogen (N); phosphorus (P); potassium (K+); calcium (Ca2+); magnesium
(Mg2+) and carbon/nitrogen ratio, whose values were: 535 g kg'l C,235¢g kg'l N, 10.8 g kg
'p 154 gkg'K, 9, 7gkg” Ca, 11.7 g kg Mg and a nitrogen/carbon ratio of 23/1 (Figure
1A).

Carnauba straw was collected on the experimental farm Fazenda Rafael Fernandes.
When the experiment was set up, five straw samples were taken and sent to the soil fertility
and plant nutrition laboratory of the Department of Environmental and Technological
Sciences at UFERSA, for carbon (C) analysis; nitrogen (N); phosphorus (P); potassium (K+);
calcium (Ca2+); magnesium (Mg2+) and carbon/nitrogen ratio. It presented the following
results: 460 g kg™ C; 16.0 g kg N; 10.3 g kg™ P; 8.0 g kg™ K; 9.0 g kg™ Ca; 8.6 g kg™ Mg
and carbon/nitrogen ratio (29/1), quantified as a function of dry matter, taking into account
10% moisture, being incorporated in the 0 — 20 cm layer of the soil. The material remained

for an incorporation period of thirty days, prior to planting (Figure 1B).



Figura 1. The hairy woodrose species (Merremia aegyptia L.) in full bloom in the semi-arid
region, within the UFERSA campus (A) and carnauba straw (B) on the experimental farm.
Photo: (A) Researcher PhD, Leader of the Jitirana research group, Paulo César Ferreira
Linhares. (B) Agronomy student and member of the hairy woodrose research group, Maria
Elisa da Costa Souza.

The fertilizers were mixed and applied to the soil depending on the quantities and
forms of application to the soil, with the material remaining for an incubation period of
thirteen days before planting. During the process of decomposition of the mixture of jitirana
and poultry manure in the soil, irrigation was carried out on all plots up to field capacity,

being of fundamental importance in the nitrification process [19].

MEASUREMENT OF AGRONOMIC CHARACTERISTICS OF RADISH

Thirty days after sowing, the experiment was harvested, where the plants were
transported to the Vegetable Post-Harvest Laboratory of the Department of Agronomic and
Forestry Sciences at UFERSA, where the following characteristics were analyzed: plant
height (performed from a sample of fifteen plants per plot, measuring the height from the
base to the apex of the plant using a millimeter ruler and expressed in cm plant'l); Root
diameter (five roots were used, measuring using a caliper, expressed in mm); productivity of
the area plus root (measured by the weight of all plants in the useful area of the plot,
expressed in g m™ of area); root weight (determined by weight of all roots, expressed in g m’
%) and total dry mass and dry mass of the root (Samples were weighed on a 1.0 g precision

scale, followed by drying in a forced air heating oven at 65 °C, until constant mass).



STATISTICAL ANALYSIS
Statistical analysis was carried out according to conventional methods of analysis of
variance [20], using the statistical software ESTAT [21]. The response curve adjustment

procedure was performed with the ESTAT software.

RESULTS AND DISCUSSION

A statistical difference was observed for all characteristics evaluated at the level of
P<0.01 probability depending on the different amounts of hairy woodrose plus carnauba
straw (Table 1). This probably demonstrates the efficiency of mixing fertilizers (hairy
woodrose plus carnauba straw) in promoting greater nutrient availability, in addition to
providing better soil conditions, such as moisture retention, thus promoting better

development of the radish crop.

Table 1. Plant height, expressed in cm plant'l gPH), root diameter, expressed in mm (RD),
weight of the area + root part, expressed in g m™ of area (PT), root weight, expressed in g m’
% area (PR), total dry mass, expressed in g m area (DMT) and root dry mass, expressed in g
m area (DMR) of radish under green manure with hairy woodrose (Merremia aegyptia L.)
plus carnauba straw (Copernicia prunifera).

Causes of Variation GL AT DR PT PR MST MSR
Treatments 4 8.55 8.47" 22.27 18.32° 16.57 10.05"
Blocks 3 7.21" 5.61 9.50" 9.66 3.12"™ 3.02™
Residue R e
Average - 1193 32.27  1339.95 999.89 94.68 58.73
CV (%) 9.9 5.7 10.7 12.2 11.4 13.9

** Significant at 1% probability; * Significant at 5% if probability and ns not significant.

For plant height, there was an increase of 4.23 cm plant™ due to the greater quantity
(4.8 kg) in relation to the absence of fertilization (0.0 kg) with a maximum value of 14.05 cm
plant"l (Figure 2). Plant height is a characteristic greatly influence by the availability of
nitrogen in the soil, which was probably what occurred when green manure was applied with
hairy woodrose plus carnauba straw. [22] studying the organic cultivation of radish fertilized
with hairy woodrose (Merremia aegyptia L.) in the absence and presence of bovine manure
with a maximum height of 10.7 cm plant'l lower than the present study. This inferiority is
probably due to the smaller amounts of jitirana used in the experiment. [23], studying the
response of red radish “SAXA”-220” in function of different proportions of cattle manure
under different cultivation environments, found a plant height of 18.51 c¢cm plant™, a value
higher than that of the aforementioned research. This superiority is probably due to the

larger amounts of cattle manure used.
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Figure 2. Height of radish plant depending on different amounts of the mixture of hairy
woodrose (Merremia aegyptia L.) and carnauba straw (Copernicia prunifera) incorporated
into the soil.

The amount of 4.8 kg m? of area was the one that promoted the largest radish
diameter, with a maximum value of 35.51 mm (Figure 3), a value corresponding to 22.4% in
relation to the treatment without fertilization. [24], evaluating the optimization of the best
quantity of jitirana in radish production, found a value of 4.12 cm plant'l, equivalent to 412
mm, a value higher than that of the aforementioned research. Diameter is an important
characteristic, as it is related to the appearance of the vegetable, influencing its
commercialization. [25], studying the evaluation of different dosages of vermicompost
produced from fruits and vegetables in the production of radish (Raphanus sativus L.), found
a root diameter of 28.4 mm with the use of soil plus FLV vermicompost, a value lower than
that of the present study. This inferiority to the present study is probably due to the nutritional

quality of the vermicompost.
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Figure 3. Radish root diameter depending on different amounts of the mixture of hairy
woodrose (Merremia aegyptia L.) and carnauba straw (Copernicia prunifera) incorporated
into the soil.

For the variable weight of the shoot plus root, there was an increase of 797.74 g m™
between the smallest quantity (0.0 kg m"z) and the largest (4.5 kg m'z), with a maximum

value of 1626.66 g m? in the amount of 4.5 kg m? of the hairy woodrose mixture with



carnauba straw (Figure 4A) and 1092.89 g m™ for root weight in the amount of 4.3 kg m of
the hairy woodrose mixture plus carnauba straw (Figure 4B). This characteristic is important
for those who work in the production of vegetable crops, considering that the aerial part plus
the root is used in commercialization. [26], studying the residual effect of pasture killing on
the productive performance of radish, found productivity of 10850 kg ha™, equivalent to 1085
g m, a value lower than that of the aforementioned research. Just like, [27], evaluating the
optimization of the best quantity of jitirana in radish production, found a value of 1380 g m™.
[28], studying the response of red radish “SAXA”-220” in function of different proportions of
cattle manure under different cultivation environments, with productivity of 5.9 t ha™,
equivalent to 590g m™?, a value lower than that of the present study. This inferiority is
probably due to the lower efficiency of the amounts of cattle manure in promoting soil

improvements, for greater absorption of nutrients by plants.
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Figure 4. Aerial part plus root (A) and root weight (B) of radish depending on different
amounts of the hairy woodrose (Merremia aegyptia L.) mixture plus carnauba straw

(Copernicia prunifera) incorporated into the soil.

In total dry mass, there was an increase of 50.86 g m™ between the lowest dose (0.0
kg m?) and the dose (4.0 kg m™) of the mixture of jitirana and carnauba straw, with a value
maximum of 112.1 g m® (Figure 5A). For the dry mass of the root, it obtained maximum
production, with a value of 68.79 g m?in the quantity 3.8 kg m?, reaching an increase of
28.05 g m™ between the lowest dose (0.0 kg m™) the largest (3.8 kg m™) of the mixture of
jitirana and carnauba straw (Figure 5B).These are important characteristics, as they
measure the quantity of economically important substances, indicating the quality,
productivity and growth of these roots.

[29], evaluating the microbiological attributes of the soil and radish productivity
influenced by the use of spontaneous species, found a maximum value of the variable root
dry mass (1.07 g plant'l) at a dose of 17.30 t ha™, equivalent to 1.73 kg m>. [30], evaluating
the agronomic performance of radish fertilized with Calotropis procera (Ait.) R. Br. in two

growing seasons, they obtained an increase of 0.5 g plant'1 of dry mass of radish roots in



relation to the smaller amount of Calotropis procera (5.4 t ha™, corresponding to 0.54 kg m’

%), presenting a maximum value of 15.6 t ha™, which is equivalent to 1.56 kg m™.
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Figure 5. Dry mass of root plus aerial part (A) and dry mass of root (B) of radish depending

on different amounts of the hairy woodrose (Merremia aegyptia L.) mixture plus carnauba
straw (Copernicia prunifera) incorporated into the soil.

CONCLUSION

The amount of 4.5 kg m™ of the mixture of hairy woodrose (Merremia aegyptia L.) plus

carnauba straw (Copernicia prunifera) was what promoted the greatest increase with a

maximum value of 1626.66 g m for the aerial part plus root characteristic.

The use of a mixture of fertilizers of plant origin (hairy woodrose + carnauba straw) is

promising for the development of radish in the Mossoré-RN region, Brazil.

REFERENCES

1. Lana MM. Radish.
on: 11 Aug. 2023.

2. Filgueira FAR (2013).

2022.

New vegetable farming manual:

Embrapa Vegetables.
https://www.embrapa.br/hortalica-nao-e-so-salada/rabanete.

Available at:
Accessed

Modern

agrotechnology in the production and marketing of vegetables. Vigosa:

Editora UFV, 421p.

3. Lima DC, Lopes HLS, Sampaio ASO, Souto LS, Pereira ACS, Silva AM,
Maracaja PB (2019). Initial growth of the radish crop (Raphanus sativus



L.) subjected to levels and sources of organic fertilizers. Brazilian Journal
of Environmental Management. 13(1):19-24.

4. Lima DC, Lopes HLS, Sampaio ASO, Souto LS, Pereira ACdeS, Silva
AMda, Maracaja PB (2019). Initial growth of the radish crop (Raphanus
sativus L.) subjected to levels and sources of organic fertilizers. Brazilian
Journal of Environmental Management. 13(1):19-24.

5. Ramalho WB, Linhares PCF, Maracaja PB, Alves LS. Agroeconomic
efficiency of using jitirana (Merremia aegyptia L.) mixed with cattle
manure in vegetable intercropping. Nova Xavantina-MT: Editora
Pantanal, 2023: 52p.

https://doi.org/10.46420/9786581460846

6. Trevisan E, Oliveira MG, Partelli FL (2013). Organic production of carrots,
radishes and beets under different sources of organic fertilizer. In: XXXIV
BRAZILIAN CONGRESS OF SOIL SCIENCE, 34., 2013, Florianopdlis.
Annals [...] . Florianpélis 2013. p. 1-3.

7. Linhares PCF, Maracaja PB, Liberalino Filho J, Assis JP, Sousa RP,
Medeiros AC. Hairy woodrose (Merremia aegyptia L. Urban) [electronic
book]: Potential use as a spontaneous species in the semi-arid region in
the green management of vegetables In: Linhares PCF, Cunha LMM,
Silva NV, Neves AM, Medeiros BBM and Paiva B.C. Green and dry
phytomass, levels and accumulation of macronutrients in hairy woodrose
(Merremia aegyptia L. Urban) at different phenological stages — Nova
Xavantina, MT: Ed. Pantanal. 96p. 2021; Chapter 2, p.24-45.
https://doi.org/10.46420/9786588319901

8. Linhares PCF, Maracaja PBM, Pereira FS, Assis JP and Sousa RP.
Rooster tree (Calotropis procera) under different amounts and periods of
incorporation on yield of coriander. Green Magazine of Agroecology and
Sustainable Development, 2014; 9(3): 07-12.
https://www.gvaa.com.br/revista/index.php/RVADS/article/view/2779

9. Linhares PCF (2007). Arugula production depending on different quantities
and decomposition times of jitirana. Mossor6-RN. 2007. 58f. Dissertation
(Master’s in Phytotechnics) — Federal Rural University of Semi-Arido.



10.

11.

Linhares PCF. (2009). Spontaneous vegetation as green manure in the
agroeconomic performance of leafy vegetables. 109 f. Thesis (Doctorate
in Phytotechnics: Concentration Area in Tropical Agriculture) -
Universidade Federal Rural do Semi-Arido, Mossord, Brazil.

Linhares PCF, Sousa JdaS, Maracaja PB, Medeiros AC, Alves LdeS, da
Silva U L, Carlos KGdaS & de Souza Juanior DS. Coriander yield as a
function of green manure incorporation of hairy woodrose (Merremia
aegyptia L.), rooster tree (Calotropis procera) and kills pasture (Senna
uniflora L.) in a semiarid region of Brazil. DELOS: DESARROLLO
LOCAL SOSTENIBLE, 2023: 16(46), 2370-2385.

https://doi.org/10.55905/rdelosv16.n46-024

12.

13.

14.

15.

16.

Santos MDEFA, Linhares PCF, Alves LDES, Carlos KGDAS, Da Silva
UL, Cardoso EDEA, Sousa RP, Assis JP (2023). Productivity of arugula
and coriander intercropping with a mixture of carnauba straw (Copernicia
prunifera) and cattle manure. Brazilian Journal of Animal and
Environmental Research, 6(2):1727-1743.

Linhares PCF. (2009). Spontaneous vegetation as green manure in the
agroeconomic performance of leafy vegetables. 109 f. Thesis (Doctorate
in Phytotechnics: Concentration Area in Tropical Agriculture) -
Universidade Federal Rural do Semi-Arido, Mossoro, Brazil.

Gomes GAD, Linhares PCF, Carlos KGS, Sousa RP, Assis JP, Souza
LJR, Maia APS, Oliveira LKG, Souza MEC, Martins WR, Cardoso EA,
Moreira HA (2023). Mixture of hairy woodrose (Merremia aegyptia L.)
with carnauba straw (Copernicia prunifera) in the productivity of lettuce in
the semi-arid region of Brazil; International Journal of Agronomy and
Agricultural Research (IJAAR), 22(6):1-9.

Linhares PCF, Assis JP, Sousa RP, Sa JR, Pereira MFS, Ramalho WB,
Silva RIG, Silva RA, Pereira KLV. Optimized amount of hairy woodrose
(Merremia aegyptia L.) in the productivity of coriander cultivars. Bulgarian
Journal of Agricultural Science. 2018;24(4):654-659.

Régo LGS, Martins CM, Silva EF, Silva JJA, Lima RNS. Pedogenesis
and classification of soils in an experimental farm in Mossord, Rio
Grande do Norte, Brazil. Revista Caatinga,2016;29(4):1036-1042.

https://lwww.scielo.br/j/rcaat/a/9M7XntrrQsNQpHsFYMLZDqy/abstract/?lang=

pt



17.

18.

19.

20.

21.

22.

Embrapa (2006). National Soil Research Center. Brazilian system of soil
classification. Brasilia: Embrapa Information Production; Rio de Janeiro:
Embrapa Solos, 412 p.

Linhares PCF, Maracaja PB, Liberalino Filho J, Assis JP, Sousa RP,
Medeiros AC. Hairy woodrose (Merremia aegyptia L. Urban) [electronic
book]: Potential use as a spontaneous species in the semi-arid region in
the green management of vegetables In: Linhares PCF, Cunha LMM,
Silva NV, Neves AM, Medeiros BBM and Paiva B.C. Green and dry
phytomass, levels and accumulation of macronutrients in hairy woodrose
(Merremia aegyptia L. Urban) at different phenological stages — Nova
Xavantina, MT:Ed. Pantanal. 96p. 2021; Chapter 2, p.24-45.
https://doi.org/10.46420/9786588319901

Novaes RF (2007). Soil fertility. In: MEURER, E.J. Factors that influence
plant growth and development. Vicosa: SBCS, p. 65-90.

Banzatto DA, Kronka SN. Agricultural experimentation. 3rd ed.
Jaboticabal: FUNEP, 1995:245p.

Barbosa JC, Malheiros EB, Banzatto D. A. ESTAT: A system for
statistical analysis of agronomic trials. Jaboticabal: Unesp, Version 2.0.
1992.

Linhares PCF, Sousa JdaS, Maracaja PB, Medeiros AC, Alves LdeS, da
Silva U L, Carlos KGdaS & de Souza Juanior DS . Coriander yield as a
function of green manure incorporation of hairy woodrose (Merremia
aegyptia L.), rooster tree (Calotropis procera) and kills pasture (Senna
uniflora L.) in a semiarid region of Brazil. DELOS: DESARROLLO
LOCAL SOSTENIBLE, 2023: 16(46), 2370-2385.

https://doi.org/10.55905/rdelosv16.n46-024

23.

Sané L, Joaquim Janior CZ, Barbosa 1J, Mango BD, Nbali NN, Kér DG,
Fernandes MD, Embana MD, Da Costa N (2023). Response of “SAXA-
220" red radish as a function of different proportions of cattle manure
under different cultivation environments. CONTRIBUTIONS TO SOCIAL
SCIENCES, 16(10), 18757-18772.



24,

25.

26.

27.

28.

Linhares PCF. Green handle as soil conditioner. Field and Business
Magazine. 2013;127(1),22-23.

Cecconello ST, Centeno LN (2016). Evaluation of different dosages of
vermicompost produced from fruits and vegetables in radish (Raphanus
sativus L.) production. Revista Thema, Pelotas, 13(1): 93-102.

Linhares PCF, Soares Pereira MF, Silva Almeida Smda, Soares Da Paz
AE, Costa Paiva AC (2011). Residual effect of pasture killer (Senna
uniflora) on radish production performance. Green Journal of
Agroecology and Sustainable Development, 6(1):168—-173.

Linhares PCF. Green handle as soil conditioner. Field and Business
Magazine. 2013;127(1),22-23.

Sano L, Joaquim Junior CZ, Barbosa 1J, Mango BD, Nbali NN, Koér DG,
Fernandes MD, Embana MD, Da Costa N (2023). Response of “SAXA-
220" red radish as a function of different proportions of cattle manure
under different cultivation environments. CONTRIBUTIONS TO SOCIAL
SCIENCES, 16(10), 18757-18772.



