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Abstract: The research was conducted to evaluate the effect of three 
planting distances (60 cm x 30 cm, 50 cm x 25 cm and 45 cm x 18 
cm) and three doses of nitrogen fertilizer (0, 30 and 60 kg N ha-1) 
on the yield of peanut crop variety INIAP 382. A completely 

randomized block design with a 3 x 3 factorial arrangement was 
applied. The planting material and experimental methodology were 
provided by the Department of Oilseeds of the Instituto Nacional 
Autónomo de Investigaciones Agropecuarias (National Autonomous 
Institute of Agricultural Research). The statistical analysis was 
carried out with InfoStat software, using Tukey's 5% significance 

tests, considering the following variables: plant height, number of 
pods per plant, number of seeds per plant, weight of 100 seeds, yield 
(kg ha-1) and economic analysis. The results obtained show that the 
highest yield is obtained with a planting distance of 45 cm between 
rows and 18 cm between plants (3928.05 kg ha-1); however, the 
highest benefit-cost ratio is achieved by planting at 60 cm between 
rows and 30 cm between plants (3.01), in both cases applying 30 kg 

N ha-1; in addition, both factors have a significant influence on the 
yield of the peanut crop under these agroecological conditions. 
However, it is necessary to evaluate the adaptation of this variety in 
other locations and to consider that soil moisture is in the optimum 
range to achieve the best use of nitrogen fertilizer by the plants. 

Key words: Peanut crop; Fertilizer; Yield. 

Resumen: La investigación se realizó con la finalidad evaluar el 
efecto de tres distancias de siembra (60 cm x 30 cm, 50 cm x 25 cm  
y 45 cm x 18 cm) y tres dosis de fertilizante nitrogenado (0, 30 y 60 
kg de N ha-1) en el rendimiento del cultivo de maní variedad INIAP 
382. Se aplicó un Diseño en Bloques Completamente al Azar con 
arreglo factorial 3 x 3. El material de siembra y la metodología del 

experimento fueron proporcionados por el Departamento de 
Oleaginosas del Instituto Nacional Autónomo de Investigaciones 
Agropecuarias. El análisis estadístico se realizó con el software 
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InfoStat, mediante pruebas de significancia de Tukey al 5%, 
considerando las variables: altura de plantas, número de vainas por 
planta, número de semillas por planta, peso de 100 semillas, 

rendimiento (kg ha-1) y el análisis económico. Los resultados 
obtenidos reflejan que el mayor rendimiento se obtiene con la 
distancia de siembra 45 cm entre calles y 18 cm entre plantas 
(3928.05 kg ha-1); sin embargo, la relación Beneficio-Costo más 
alta se logra sembrando a 60 cm entre calles y 30 cm entre plantas 
(3.01), en ambos casos aplicando 30 kg N ha-1; además,  ambos 

factores, inciden significativamente en el rendimiento del cultivo de 
maní, en estas condiciones agroecológicas. Sin embargo, es 
necesario evaluar la adaptación de esta variedad en otras localidades 
y considerar que la humedad del suelo se encuentre en el rango 
óptimo para lograr el mayor aprovechamiento del fertilizante 
nitrogenado por parte de las plantas. 

Palabras clave: Cultivo de maní; Fertilizante; Rendimiento. 

 

Introduction  

Arachis hypogaea is a vegetable source of protein and unsaturated fats 

highly appreciated by the Ecuadorian and world population (Guamán 

and Andrade, 2010). The peanut kernel is used for the preparation of 

certain food dishes (Garcés-Fiallos, Guamán, and Díaz-Coronel, 

2011). The seeds are consumed raw, cooked or roasted, processed to 

produce butter or used for soups and sauces. Its consumption is not 

restricted because it does not generate massive production of 

cholesterol due to the high percentage (80%) of unsaturated fats 

(Martínez, 2007). It contains phytosterols that reduce bad cholesterol 

and provides minerals such as sodium, potassium, iron, magnesium, 

iodine, copper and calcium; it has antioxidant substances such as 

tocopherols that rejuvenate cells and tissues of the human body 

(Guamán and Andrade, 2010).  

Among the main varieties grown on the Ecuadorian coast is lNIAP-

382 Caramelo, which belongs to the Runner commercial group. It 

flowers between 33 and 36 days and is harvested between 130 and 140 

days; the plant height is 23 to 34 cm, has between 14 and 28 branches 

per plant; 25 to 35 grains per plant, 50 to 60 g as 100 seed weight and 

an average yield of 3341 kg ha(-1) (Guamán and Andrade, 2010).  

The main problem for peanut producers is low yields per unit area 

(Chávez, 2007), because although the National Autonomous Institute 
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of Agricultural Research (INIAP) has provided varieties characterized 

by oil concentrations ranging from 45 to 48% and protein 

concentrations ranging from 28 to 30%, with yields exceeding 3 000 

kg ha(-1) (Guamán and Andrade, 2010), but these results have not been 

validated in locations that have good potential for crop development 

and, therefore, producers do not benefit from these technologies 

(Vélez, 2011). 

Planting time, plant population per hectare directly affects peanut crop 

yield and this, in turn, is determined by spacing (da Silveira et al, 

2013). Regarding planting distances, larger planting distances can 

intercept more radiation compared to lower densities (Augusto et al., 

2010). The planting distance of 0.45 m x 0.30 m is optimal for peanut 

planting to obtain higher yields (Abad, 2016). However, the varieties 

INIAP-380 and INIAP-381 Rosita, should be planted with a distance 

of 0.50 m between rows x 0.20 m between sites, placing 2 seeds, 

obtaining a population of 200000 plants per hectare (Naab et al., 

2009). Briones (2021, considers that the best yields in peanuts are 

obtained by planting the Caramelo variety at distances of 50 cm x 15 

cm; although the INIAP 383 variety with a population of 81 632 

plants/ha obtained the highest number of pods/plant, the highest net 

economic benefit is achieved with the INIAP 308 variety, 62 500 

plants/ha (Garcia 2016). The planting frames do not significantly 

influence the averages of days to flowering of the crop, number of 

pods per pod and weight of 100 seeds, however, the greater spacing 

between plants allowed obtaining plants of greater height and yield 

(Pallo (2021); in other agroecological conditions, the distance of 60 

cm between rows and 20 cm between sites, allows obtaining greater 

fresh and dry weight of the seed (Dávila, 2021).  In short, an 

appropriate plant density can significantly improve peanut yields 

under rainfed conditions (Pedelini, 2012), and the increase in 

population density can significantly increase the accumulated biomass 

and seed yield per unit area (Guamán and Andrade, 2010). 

The peanut crop is not demanding to fertilization (Guamán and 

Andrade, 2010); however, soil analysis is essential to determine the 

fertilization program to follow in any commercial planting (Fundora et 

al., 2001)). The crop responds erratically to the direct application of 

nitrogen, potassium and phosphorus fertilizers (Naab et al., 2009). 

Although it is a legume and therefore has the ability to incorporate 

atmospheric nitrogen into the soil, it is recommended to apply 10 to 

20 kg N ha-1for establishment (Martinez, 2007). In addition, under 

certain conditions it responds well to nitrogen fertilization with minor 
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elements (Chávez, 2019), and crop rotation and green manures can be 

used as alternatives (Alvarado, 2004). The lower percentage of empty 

grain contributes to increase seed crop yield Ibanez et al. (2018). Mora 

et al. (2019), affirm that the incorporation of organic fertilizers, has 

favorable effects on the variables pods per plant, grains per plant and 

peanut yield.  

In evaluations conducted at the Experimental Station "Mútile" of the 

Technical University "Luis Vargas Torres" of Esmeraldas, the yield of 

the INIAP-382 variety stands out in relation to other materials 

(Gracia, 2010), so in this research the effect of planting distances and 

nitrogen fertilization on crop yield is studied, contributing to the 

rational use of inputs and increasing the economic income of 

producers.  

 

Methodology 

The experiment was carried out in a field located at the geographical 

coordinates 00º13'33'' north latitude and 73º26'00" west longitude in 

the Quinindé canton, province of Esmeraldas, Ecuador. The average 

temperature is 26°C, average monthly rainfall is 93 mm and relative 

humidity is 86%. The soil is sandy loam with 31 ppm of N (medium), 

25 ppm of P (high) and 0.13 meq/100 ml of K (low). A pH of 5.8 

(medium acid). Peanut seed, variety INIAP-382, was provided by the 

Oilseed Department of the Litoral del Sur Experimental Station "Dr. 

Enrique Ampuero Pareja" of INIAP. Three planting distances were 

evaluated: 60 cm x 30 cm, 50 cm x 25 cm and; 45 cm x 18 cm; 

applying three levels of nitrogen fertilization (0, 30 and 60 kg of N ha -

1) to evaluate its effect on crop yield.  

Considering the nature of the work and the characteristics of the site 

where the experiment was carried out, a Completely Randomized 

Block Design (CSBD) was applied, using three replications. The 

methodology applied was that recommended by the National Oilseed 

Program of INIAP (PRONAOL), considering the edaphoclimatic 

characteristics of the research site and the particularities of the peanut 

crop. Statistical analysis was performed using InfoStat software.  

Land preparation consisted of two passes of plowing and one pass of 

harrowing. In addition, the field was furrowed considering the 

distances previously established in the experimental design. Sowing 
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was done manually, with a continuous jet, placing the seed at the 

bottom of the furrow at a depth of 4 cm. Thinning was carried out 12 

days after sowing, eliminating the plants that were outside the row and 

those that showed little vigor, leaving the amount established 

according to the previously defined populations. Nitrogen fertilizer 

was applied 30 days after planting, applying the established doses for 

each treatment. For weed control, Gramilag herbicide (1 L ha -1) was 

applied pre-emergence to the crop and then mechanical controls were 

carried out every 15 days. Control of codling moth (Stegasta 

bosquella) was carried out with the application of Chlorpyrifos (1 L 

ha-1) . The pods were harvested according to the maturity of the 

treatments studied, at 120 days.  

 

The following variables were evaluated: 

Plant height (cm): 40 days after sowing, measuring with a graduated 

ruler, from the ground to the apex of the central stem, taking 10 plants 

at random from each treatment and the result was expressed in 

centimeters.  

Number of pods per plant: The number of pods on 10 randomly 

selected plants in the net plot was counted for each treatment and 

replication. Subsequently, the average was calculated for weighting. 

Number of seeds per plant: The total number of seeds of 10 plants 

taken at random from the useful area of each plot and replication was 

counted. In addition, the percentage of pods having one, two and three 

seeds was determined. 

Weight of 100 seeds (g): In the seeds harvested from the plants 

located in the net plot, 100 seeds were counted and weighed on a 

precision balance. This procedure was repeated three times and the 

average of these readings was taken as the value of this variable. 

Total yield (kg ha
-1) 

: This variable was evaluated by harvesting the 

net area in each treatment and replicate. Analyses were performed 

considering the area unit. 

Economic analysis: Calculations were made of the net profit per 

treatment and the Benefit/Cost ratio. For this purpose, the costs of 

each treatment and the income from the sale of the product were 

determined (considering a reference market price at the date of 

harvest), which allowed establishing the economic convenience of the 

treatments in relation to the costs of commercial production of 1 ha of 

peanuts. 
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Results 

Plant height 

The ANAVA for plant height at 40 days after planting showed no 

significant differences between the factors studied. Tukey's test at 

95% probability presents a range of significance, being D2F2 the one 

that obtained the greatest height (28.73 cm), followed by D3F3 (28.43 

cm), D1F3 (28.10 cm). The lowest height was obtained in D3F1 

(21.77 cm) (Table 1). 

Table 1. Tukey's test at 95% for plant height at 40 days, in the 

evaluation of the effect of planting distances and nitrogen fertilization on 

the yield of  Arachis hypogaea L. 

 

density means n   

D3       25.98   9 A  

D1       25.99   9 A  

D2       26.68   9 A  

fertilization 

F1            23.91   9 A  

F3            26.84   9 A  

F2            27.89   9 A  

density x fertilization   

D3 F1 21.67   3 A  

D1 F1  22.77   3 A  

D2 F3  24.00   3 A  

D1 F2  27.10   3 A  

D2 F1  27.30   3 A  

D3 F2  27.83   3 A  

D1 F3  28.10   3 A  

D3 F3  28.43   3 A  

D2 F2  28.73   3 A  
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Different letters indicate significant differences (p<=0.05). 

 

Plant height at 40 days, in the evaluation of the effect of sowing 

distances and nitrogen fertilization on the yield of  Arachis hypogaea L. 

Number of pods per plant 

The ANAVA for the number of pods indicates that there is a 

significant difference for fertilizer doses. Tukey's test at 95% shows 

three ranges of significance: in the first is D3F2 (24.40) and D3F1 

(24.83); in the second range D2F3 (29.37), D2F1 (30.43), D3F3 

(32.50), D2F2 (33.70), D1F3 (34.23) and, D2F2 (35.77). The last rank 

corresponds to D1F2 (39.73) (Table 2).  

 

Table 2. Tukey test at 95% for the number of pods per plant, in the 

evaluation of the effect of planting distances and nitrogen fertilization on 

yield of Arachis hypogaea L. 

 

density Means n        

D3  27.24   9 A     

D2  31.17   9 A     

D1  36.58   9    B  

fertilization   

F1  30.34   9 A  

F3  32.03   9 A  

D1:F1 D1:F2 D1:F3 D2:F1 D2:F2 D2:F3 D3:F1 D3:F2 D3:F3

factor A*factor B

18.54

22.16

25.79

29.42

33.04
a

ltu
ra

_
6

0
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F2  32.61   9 A  

density x fertilization   

D3 F2  24.40   3 A     

D3 F1   24.83   3 A     

D2 F3  29.37   3 A  B  

D2 F1  30.43   3 A  B  

D3 F3  32.50   3 A  B  

D2 F2  33.70   3 A  B  

D1 F3  34.23   3 A  B  

D1 F1  35.77   3 A  B  

D1 F2  39.73   3    B  

Different letters indicate significant differences (p<=0.05). 

 

 

Number of pods per plant, in the evaluation of the effect of sowing 

distances and nitrogen fertilization on the yield of  Arachis hypogaea L. 

 

Seeds per plant 

D1:F1 D1:F2 D1:F3 D2:F1 D2:F2 D2:F3 D3:F1 D3:F2 D3:F3

factor A*factor B

21.24

26.31

31.37

36.44

41.51

n
u

m
_

va
in

a
s
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The ANAVA of seeds per plant indicates that there are no significant 

differences between the factors evaluated. Tukey's test at 95%, shows 

three ranges of significance: in the first is D1F1 (57.67); in the second 

range is D3F1 (95.00), D2F2 (96.33), D2F3 (96.67), D2F1 (98.67), 

D3F2 (99.33), D3F3 and D1F3 (100.00); and finally, in the third range 

is D1F2 (102.33) (Table 3).  

 

Table 3. Tukey test at 95% for seeds per plant, in the evaluation of the 

effect of planting distances and nitrogen fertilization on yield of Arachis 

hypogaea L. 

 

density Means n   

D1 86.67   9 A  

D2  97.22   9 A  

D3  98.11   9 A  

fertilization   

F1 83.78   9 A  

F3 98.89   9 A  

F2 99.33   9 A  

density x fertilization   

D1 F1  57.67  3 A     

D3 F1   95.00  3 A  B  

D2 F2  96.33  3 A  B  

D2 F3   96.67  3 A  B  

D2 F1    98.67  3 A  B  

D3 F2    99.33 3 A  B  

D3 F3    100.00  3 A  B  

D1 F3    100.00  3 A  B  

D1 F2    102.33  3    B  

Different letters indicate significant differences (p<=0.05). 
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Seeds per plant, in the evaluation of the effect of sowing distances and 

nitrogen fertilization on the yield of  Arachis hypogaea L. 

 

Weight of 100 seeds (gr) 

The ANAVA for 100-seed weight showed statistical differences for 

the density factor. Tukey's test at 95% shows three ranges of 

significance: in the first is D2 (97.22), in the second D3 (98.11) and 

the highest value is obtained with D1 (104.44) (Table 4). 

Table 4. Tukey test at 95% for the weight of 100 seeds (g), in the 

evaluation of the effect of sowing distances and nitrogen fertilization on the 

yield of Arachis hypogaea L. 

density Means n    

D2 97.22   9 A     

D3  98.11   9 A  B  

D1 104.44  9    B  

fertilization   

F3  98.89   9 A  

F2 99.33   9 A  

F1  101.56  9 A  

D1:F1 D1:F2 D1:F3 D2:F1 D2:F2 D2:F3 D3:F1 D3:F2 D3:F3

factor A*factor B

29.09

49.58

70.06

90.55

111.04

se
m

_
p

la
n

ta
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density x fertilization  

D3 F1            95.00 3 A  

D2 F2             96.33  3 A  

D2 F3             96.67  3 A  

D2 F1             98.67  3 A  

D3 F2             99.33  3 A  

D3 F3            100.00  3 A  

D1 F3            100.00  3 A  

D1 F2            102.33  3 A  

D1 F1            111.00  3 A  

Different letters indicate significant differences (p<=0.05). 

 

 

Figure 4. 100-seed weight (g), in the evaluation of the effect of sowing 

distances and nitrogen fertilization on the yield of  Arachis hypogaea L. 

 

Yield (kg ha
-1

) 

The ANAVA for yield per hectare shows significant differences 

between the sowing distances factor and for the interaction sowing 

distances by fertilization levels. The Tukey test at 95%, for the sowing 

distances factor shows three ranges of significance; in the first is D1 

D1:F1 D1:F2 D1:F3 D2:F1 D2:F2 D2:F3 D3:F1 D3:F2 D3:F3

factor A*factor B

92.16

98.27

104.39

110.51

116.62

p
e

so
_

1
0

0
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(2855.58), in the second D2 (3027.64) and finally D3 (3377.33).  In 

the interaction of the DxF factors, three ranges of significance are 

observed; in the first is D1F3 (2567.63), D3F1 (2685.58) and D2F2 

(2753.25); in the second range D1F1 (2890.63), D1F2 (3108.48), 

D2F3 (3146.89), D2F1 (3182.78), D3F3 (3518.37) and the third 

range, D3F2 (3928.05) (Table 5).   

 

Table 5.  Tukey test at 95% for yield (kg ha-1) , in the evaluation of the 

effect of sowing distances and nitrogen fertilization on the yield of Arachis 

hypogaea L. 

 

distance Means  n  

D1 2855.58  9 A     

D2  3027.64  9 A  B  

D3  3377.33  9    B  

fertilization  

F1  2919.66  9 A  

F3       3077.63  9 A  

F2       3263.26  9 A  

density x fertilization  

D1 F3       2567.63  3 A     

D3 F1       2685.58  3 A     

D2 F2       2753.25  3 A     

D1 F1       2890.63  3 A  B  

D1 F2       3108.48  3 A  B  

D2 F3       3146.89  3 A  B 

D2 F1       3182.78  3 A  B  

D3 F3       3518.37  3 A  B  

D3 F2       3928.05  3    B  

Different letters indicate significant differences (p<=0.05). 
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Yield (kg ha-1) , in the evaluation of the effect of sowing distances and 

nitrogen fertilization on the yield of  Arachis hypogaea L. 

 

Economic analysis 

Economic analysis for one hectare of the evaluated treatments 

indicates that the highest profit is obtained with D3F2 (1496.83), 

followed by D1F2 (1245.09), D3F3 (1211.02), D2F1 (1209.67), D1F1 

(1154.38), D2F3 (1108.13), D2F2 (911.95), D1F3 (880.58), and 

finally, D3F1 (791.35). The highest Benefit/Cost ratio was obtained 

with D1F2 (3.01), followed by D1F1 (2.99), D3F2 (2.74), D2F1 

(2.73), D2F3 (2.42), D3F3 (2.35), D1F3 (2.33), D2F2 (2.23), and 

finally D3F1 (1.97) (Table 7). 

 

 

 

 

 

 

Table 6. Economic analysis, in the evaluation of the effect of sowing 

distances and nitrogen fertilization on the yield of Arachis hypogaea L. 

D1:F1 D1:F2 D1:F3 D2:F1 D2:F2 D2:F3 D3:F1 D3:F2 D3:F3

factor A*factor B

2138.92

2681.16

3223.41

3765.66

4307.90
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n
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Treatments Factors Yield Costs Income Profit Rb/c 

T1 D1F1 2890.63 580.00 1734.38 1154.38 2.99 

T2 D1F2 3108.48 620.00 1865.09 1245.09 3.01 

T3 D1F3 2567.63 660.00 1540.58 880.58 2.33 

T4 D2F1 3182.78 700.00 1909.67 1209.67 2.73 

T5 D2F2 2753.24 740.00 1651.95 911.95 2.23 

T6 D2F3 3146.89 780.00 1888.13 1108.13 2.42 

T7 D3F1 2685.58 820.00 1611.35 791.35 1.97 

T8 D3F2 3928.05 860.00 2356.83 1496.83 2.74 

T9 D3F3 3518.37 900.00 2111.02 1211.02 2.35 

Selling price = $ 0.60 c/kg shell. 

 

 

Economic analysis, in the evaluation of the effect of sowing distances 

and nitrogen fertilization on the yield of  Arachis hypogaea L. 
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Plant height did not show significant differences after 40 days, with 

values between 21.77 and 28.73 cm; it is evident that the application 

of fertilizers (30 kg Nha-1) did not increase plant growth by more than 

5 cm, which coincides with Guamán and Andrade (2010), who point 

out that peanut only responds to the application of fertilizers in 

extremely poor soils. It should be mentioned that depending on the 

growth habit of the variety planted and the climatic and edaphic 

conditions, the results could vary. 

The number of pods per plant obtained ranged between 24.40 and 

39.73; the highest number of pods was obtained using D1 (60 cm 

between rows and 30 cm between sites), which is similar to the data 

reported by Guamán et al. (2010) who state that the average number 

of pods per plant is 14 to 28; coinciding with Gracia (2010) and Vélez 

(2011) who reported 28 and 38 pods per plant, respectively. D3 (45 

cm between rows and 18 cm between sites), presented the lowest 

number of pods (24.40).  

The number of seeds per plant is between 57.67 and 102.33, where it 

is observed that D1 (60 cm between rows and 30 cm between sites) 

stands out when nitrogen fertilizer is applied at doses of 30 and 60 kg 

ha-1, coinciding with Vélez (2011) who obtained 78 grains, while 

Gracia (2010), reported an average of 47 grains. However, Guamán et 

al. (2010), characterizing agronomically the INIAP 382-Caramelo 

variety, estimated between 25 to 35 grains per plant.  

The weight of 100 seeds was presented in a range of 95 gr to 111 gr, 

where D1 (60 cm between rows and 30 cm between sites) with 

applications and without application of nitrogen fertilizer stands out, 

clearly surpassing the value reported by Gracia (2010) with 87 gr, as 

well as Guamán et al. (2010), who point out that this parameter is 

between 50 to 60 gr; which differs with the statement of Pallo (2016). 

The evaluation of this variable, has as a particularity how key is an 

adequate planting distance so that the plant can take the necessary 

nutrients and develop its physiological processes normally, although 

in some agroecosystems populations of 200 000 plants per hectare are 

recommended (50 cm between rows and 20 cm, with two seeds per 

site) (Naab at al., 2009). 

Yields per hectare ranged from 2567.63 kg to 3928.05 kg. It is 

observed that the highest yields are obtained with D3 (45 cm between 

rows and 18 cm between sites); followed by D2 (60 cm between rows 

and 30 cm between sites); surpassing that reported by Gracia (2010) 

with 1877.04 kg and coinciding with that recorded by Guamán et al. 

(2010) who reached yields with an average of 3348 kg ha-1. 
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Furthermore, it is close to the yield achieved by Vélez (2011) with 

4602.25 kg ha-1. However, as stated by Garcés et al. (2015) and 

Pedelini (2012), stocking density can considerably increase yields per 

unit area. 

The economic analysis considering a reference price of $0.60/kg 

peanut in shell shows that the highest net profit is obtained with D3 

(45 cm between rows and 18 cm between sites) applying 60 kg N ha -1, 

followed by D1 (60 cm between rows and 30 cm between sites) with 

30 kg N ha-1, and very close D2 (50 cm between rows and 25 cm 

between sites) with 0 kg N ha-1; However, the Benefit-Cost Ratio 

shows that it is more convenient, from this parameter D1 (60 cm 

between rows and 30 cm between sites) with 0, 30 and 60 kg N ha-1, 

this could be explained by the effect of spacing (Augusto et al., 2010) 

and the high cost of fertilizers. 

 

Conclusions 

The most adequate population density according to the agronomic 

behavior and yield of the peanut variety INIAP-382 Caramelo, is 60 

cm between rows and 30 cm between plants (two seeds per site). 

However, the distance of 45 cm between rows and 18 cm between 

plants (one seed per site) cannot be disregarded. The fertilization level 

that allows obtaining the best results in terms of agronomic 

performance and yield is 30 kg N ha-1, this is evident in all planting 

distances used (45 cm x 18 cm; 50 cm x 25 cm; and 60 cm x 30 cm). 

The greatest utility from the economic point of view was achieved 

with the planting distance of 45 cm between rows and 18 cm between 

plants applying 30 kg N ha-1; however, the best benefit/cost ratio was 

obtained with the distance of 60 cm between plants and 30 cm 

between rows with the application of 30 kg N ha-1. Therefore, the 

application of nitrogen fertilizer and the adequate stocking density 

allows an increase of up to 20% in the economic income of the 

producers. 
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