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Economics/ Original Article

Nitrogen fertilization on the 
agro-economic performance of 
sesame in the Brazilian semiarid
Abstract – The objective of this work was to evaluate the agro-economic 
performance of sesame (Sesamum indicum) under nitrogen fertigation in 
the semiarid region of Northeastern Brazil. The experimental design was 
randomized complete blocks with four replicates, and the treatments were 
arranged in a split-plot, where the plots were assigned five N rates (0, 30, 
60, 90, and 120 kg ha-1) and the sub-plots were represented by four sesame 
genotypes ('CNPA G2', 'CNPA G3', 'CNPA G4', and 'BRS Seda'). The 
following variables were evaluated in two agricultural harvests in 2016: gross 
and net incomes, rate of return, and profit margin. In both harvests, there was 
a variation in production costs between N rates. In the second harvest, the 
highest values of net income were achieved with 120 kg ha-1 N fertigation, 
being: R$7,428.36 ha-1 for 'CNPA G2', R$8,630.74 ha-1 for 'CNPA G3', 
R$9,828.64 ha-1 for 'CNPA G4', and R$8,354.06 ha-1 for 'BRS Seda'. Increasing 
N rates provide an increase in the gross income, net income, rate of return, and 
profit margin for sesame producers. Fertigation with 120 kg ha-1 N provides 
the maximum agro-economic performance for sesame, whereas the 'CNPA 
G4' genotype shows the greatest agro-economic efficiency.

Index terms: Sesamum indicum, net income, nitrogen fertigation, profit 
margin.

Adubação nitrogenada no desempenho 
agroeconômico do gergelim 
no semiárido brasileiro
Resumo – O objetivo deste trabalho foi avaliar o desempenho agroeconômico 
do gergelim (Sesamum indicum) sob fertirrigação com nitrogênio na região 
semiárida do Nordeste brasileiro. O delineamento experimental foi em blocos 
ao acaso, com quatro repetições, e os tratamentos foram dispostos em arranjo 
de parcelas subdivididas, em que as parcelas receberam cinco doses de N 
(0, 30, 60, 90 e 120 kg ha-1) e as subparcelas foram representadas por quatro 
genótipos de gergelim ('CNPA G2', 'CNPA G3', 'CNPA G4' e 'BRS Seda'). 
As seguintes variáveis foram avaliadas em duas safras agrícolas, em 2016: 
rendas bruta e líquida, taxa de retorno e margem de lucro. Nas duas safras, 
houve variação nos custos de produção entre as doses de N. Na segunda 
safra, os maiores valores de renda líquida foram obtidos com 120 kg ha-1 de 
fertirrigação com N, a saber: R$ 7.428,36 ha-1 para 'CNPA G2', R$ 8.630,74 ha-1 
para 'CNPA G3', R$ 9.828,64 ha-1 para 'CNPA G4' e R$ 8.354,06 ha-1 para 
'BRS Seda'. Doses crescentes de N proporcionam aumento na renda bruta, na 
renda líquida, na taxa de retorno e no índice de lucratividade para produtores 
de gergelim. A fertirrigação com 120 kg ha-1 de N proporciona o máximo 
desempenho agroeconômico para o gergelim, enquanto o genótipo 'CNPA 
G4' apresenta a maior eficiência agroeconômica.

Termos para indexação: Sesamum indicum, renda líquida, fertirrigação 
nitrogenada, margem de lucro.
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Introduction

Sesame (Sesamum indicum L.) is one of the oldest 
oilseeds cultivated by humankind, with a great 
potential for the economic exploitation of both its 
seeds and oil, as well as of its by-products (Beltrão & 
Vieira, 2001; Beltrão et al., 2013). However, in Brazil, 
the production of sesame is still low, decreasing its 
competitiveness in the world market, due to the high 
cost of labor, low technological level, and inputs 
used in the cultivation system (Queiroga et al., 2009). 
Therefore, the national consumption is higher than 
the product supply, making the importation of sesame 
necessary: in 2018, a total of 3,540 and 1,024 tons of 
grains and sesame oil, respectively, were imported 
(FAO, 2018).

In this scenario, the tendency is an increased 
demand for this cereal in the national market, 
boosting research for new production technologies 
and novel and more productive varieties (Beltrão et al., 
2013). A region with a great potential and favorable 
environmental conditions for sesame cultivation is the 
Brazilian Northeastern semiarid (Grilo Jr & Azevedo, 
2013; Lima et al., 2018); however, the species is still 
currently cultivated mainly by small and medium 
producers (Beltrão & Vieira, 2001).

For a satisfactory production, an adequate field 
management is necessary, based on the requirements 
of sesame. Both nutrient requirements and the 
edaphoclimatic factors that can influence the crop 
should be taken into account for an efficient fertilization 
(Beltrão et al., 1991; Ribeiro et al., 2019; Zenawi & 
Mizan, 2019). A good fertilization management allows 
increasing, for example, the agricultural productivity 
and profitability of a crop; however, it also represents a 
significant cost to the farmer and increases investment 
risk when not properly carried out (Mesquita, 2014). 

In addition, for a plant to externalize all its 
productive potential, the soil needs to provide nutrients 
in adequate quantities (Beltrão et al., 2013). Nitrogen, 
due to its importance and high mobility in the soil, 
has been studied for its maximization and efficient 
use (Bredemeier & Mundstock, 2000). In the case 
of sesame, the N fertilizer influences both the crop’s 
agronomic performance and yield (Shehu et al., 2010; 
Ali & Jan, 2014; Shehu, 2014; Zenawi & Mizan, 2019), 
being commonly applied manually to benefit the crop 
(Perin et al., 2010; Kamravaie & Shokohfar, 2015). 
Therefore, the availability of N to the crop is usually 

a limiting factor, especially since this nutrient affects 
the development of the plant more than any other 
(Bredemeier & Mundstock, 2000). Sesame requires 
high amounts of N, which vary according to the aimed 
production, plant nutritional state, used variety, and 
part of the harvested plant (Beltrão & Vieira, 2001). 
However, there are no known works on N fertigation in 
Brazil, although this technique is already being used 
by producers in some drip-irrigation systems in the 
semiarid to reduce labor costs, facilitate the application 
of fertilizer rates, and increase the uniformity of 
fertilizer distribution (Souza et al., 2019).

Several technologies have been studied to date, 
but more information is needed regarding the 
agro-economic response of the sesame crop to N 
fertilization, considering different genotypes and 
agricultural harvests, when aiming to economically 
exploit the species (Perin et al., 2010).

The objective of this work was to evaluate the agro-
economic performance of sesame under nitrogen 
fertigation in the semiarid region of Northeastern 
Brazilian.

Materials and Methods

The experiments were conducted in the municipality 
of Mossoró, in the state of Rio Grande do Norte, in the 
district of Alagoinha, Brazil (5°03'37"S, 37°23'50"W, 
at 72 m altitude), from February to May (first harvest) 
and from July to October (second harvest) in 2016. 
According to Köppen-Geiger, the climate of the 
experimental area is BShw, i.e., dry and very hot, with 
an annual average temperature of 27.2°C and a very 
irregular annual rainfall, with an average of 766 mm 
(Borges et al., 2015). The mean meteorological data in 
the two agricultural harvests are presented in Figure 1.

The soil of the experimental area is classified as an 
Argissolo Vermelho distrófico típico (Santos et al., 
2013), i.e., a Typic Rhodustults (Soil Survey Staff, 2014; 
Rêgo et al., 2016). Soil chemical analyses before the 
installation of the experiments showed: 0.14 g kg-1 N, 
pH (H2O) 6.50, 7.23 g kg-1 organic matter, 0.58 dS m-1 
electric conductivity, 4.47 mg dm-3 P, 52.01 mg dm-3 
K, 8.10 mg dm-3 Na, 2.10 cmolc dm-3 Ca2+, and 0.55 
cmolc dm-3 Mg2+ for the first crop; and 0.42 g kg-1 N, 
pH (H2O) 5.63, 12.78 g kg-1 organic matter, 0.75 dS m-1 
electric conductivity, 3.00 mg dm-3 P, 58.80 mg dm-3 K, 
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4.80 mg dm-3 Na, 1.00 cmolc dm-3 Ca2+, and 1.80 cmolc 
dm-3 Mg2+ for the second crop.

The experimental design used in each experiment 
was randomized complete blocks, with four replicates. 
The treatments were arranged in split-plots, with 
five N rates (0, 30, 60, 90, and 120 kg ha-1) assigned 
to the plots and four sesame genotypes ('CNPA G2', 
'CNPA G3', 'CNPA G4', and 'BRS Seda') representing 
the subplots. For the first harvest of 2016, sesame was 
planted on February 14, and, for the second, on July 19. 
Direct seeding was carried out at 0.02 m depth, with 
eight to ten seed being sown per hole. After ten days 
of emergence, thinning was performed and two plants 
were left per hole.

Each experimental plot consisted of four rows of 
plants, with a total area of  7.2 m2 (3.0x2.4 m). The useful 
area of the plot was of 2.88 m2, being composed of two 
central rows, disregarding two plants on each end, 
totalling 32 plants. The used spacing was 0.60x0.30 m, 
with two plants per hole, totalling a population of 
111,111 plants per hectare.

A drip irrigation system was used, with spacing 
of 0.60 m between ribbons and of 0.30 m between 
emitters. Irrigation was performed daily, based 
on crop evapotranspiration (Amaral & Silva, 
2008). Fertilization was applied following the 
recommendation for the state of Pernambuco (Gomes & 
Coutinho, 2008), except N fertilization, which differed 
according to the treatments. The used source of N was 
urea, and the application of the N fertilizer was split 
as described in Kamravaie & Shokohfar (2015). The 
fertilizers were injected into the irrigation water with 
the aid of a bypass tank (“lung”). Cultural treatments 
and phytosanitary control were carried out according 
to the technical recommendations for sesame (Beltrão 
& Vieira, 2001).

The first and second agricultural harvests 
were performed at 110 and 105 days after sowing, 
respectively. Grain productivity was obtained by 
weighing the grains of the plants of the harvested area 
(Santos et al., 2018) and was expressed in kg ha-1.

Economic indicators were evaluated to assess the 
efficiency of the treatments. The cost of production for 

Figure 1. Values of mean, maximum, and minimum air temperatures, relative air humidity, and rainfall in two sesame 
(Sesamum indicum) harvests in 2016, in the municipality of Mossoró, in the state Rio Grande do Norte, in the Brazilian 
Northeastern semiarid. Data obtained at the automatic weather station and rain gauge of the Rafael Fernandes experimental 
farm of Universidade Federal Rural do Semi-Árido. Source: Inmet (2016).
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1 ha of sesame was estimated and analyzed at the end 
of each crop cycle, following the methodology adapted 
from Companhia Nacional de Abastecimento (Conab, 
2010). The gross income (R$ ha-1) was calculated from 
the values of grain production per hectare in May 
and October 2016, which were of R$7.00 and 7.50, 
respectively. The US dollar was quoted at R$3.61 on 
5/31/2016 and R$3.19 on 10/31/2016. The net income 
(R$ ha-1) was considered the difference between the 
gross income and the total cost involved in obtaining 
the seeds. The rate of return was determined from 
the ratio between the gross income and total costs, 
corresponding to the capital obtained for each real 
applied to the sesame crop. The profit margin (R$ ha-1) 
consisted of the ratio between the net income and the 
gross income and was expressed as percentage.

The analyses of a variance of the agricultural 
harvests were performed in isolation for all evaluated 
characteristics, through the application of the Sisvar, 
version 5.6, software (Ferreira, 2011). After observing 
the homogeneity of variances between the agricultural 
crops, a joint analysis of the same characteristics was 
carried out. The response curves were adjusted using 
the TableCurve 2D software (Systat Software Inc, 
2002), and the graphs were made in the SigmaPlot, 
version 12.0, software (Systat Software Inc, 2011). 

Results and Discussion

The grain productivity of the sesame genotypes is 
show in Table 1. The homogeneity of variances was 
accepted for the variables gross income, net income, 
rate of return, and profit margin, enabling the joint 
analysis. In this case, for all these characteristics, a 
triple interaction was observed among rates, genotypes, 
and agricultural harvests.

In relation to the economic indicators, there was 
an increase in gross income as the N rates increased 
(Figure 2). Therefore, the greatest gross income was 
obtained at the rate of 120 kg ha-1 N, except for 'BRS 
Seda' in the first agricultural harvest, with a value of 
118.36 kg ha-1 (Figure 2 A). This increase was due to 
the higher productivities of the evaluated genotypes, 
which corresponded with the highest rate applied.

In the first harvest, the maximum gross incomes 
were: R$8,877.62 ha-1 for 'CNPA G2', R$12,668.89 ha-1 
for 'CNPA G3', and R$11,582.84 ha-1 for 'BRS Seda', 
at the rate of 120 kg ha-1 N; and R$10,315.83 ha-1 for 

'CNPA G4', at the rate of 118 kg ha-1 N (Figure 2 A). 
The genotypes that stood out regarding gross income 
at the rate of 120 kg ha-1 N were 'CNPA G3' and 
'BRS Seda'. In the second harvest, the maximum 
values found were R$12,932.26 ha-1 for 'CNPA G2', 
R$14,134.07 ha-1 for 'CNPA G3', R$15,275.53 ha-1 for 
'CNPA G4', and R$13,765.77 ha-1 for 'BRS Seda', at 
the rate of 120 kg ha-1 N (Figure 2 B). The 'CNPA G4' 
genotype showed better results than the others at rate 
of 120 kg ha-1 N.

Higher gross incomes were obtained in the second 
harvest due to the higher productivities and also to 
the better price (R$7.50 kg-1) of the sesame grains 
marketed in the region, which was attributed to the 
lower product supply.

The total costs for the production of 1 ha of sesame 
in function of N rates and agricultural harvests are 
shown in Table 2. The highest total costs of R$5,748.3 
and 5,502.36 were obtained at the rate of 120 kg ha-1 
N in the first and second harvests, respectively. The 
lowest costs were of R$5,290.67 in the first harvest 
and of R$5,045.16 in the second, both in the absence 

Table 1. Grain productivity of sesame (Sesamum indicum) 
fertigated with different nitrogen rates in two agricultural 
harvests in 2016, in the municipality of Mossoró, in the 
state of Rio Grande do Norte, in the Brazilian Northeastern 
semiarid.

N rate  
(kg ha-1)

Genotype Grain productivity (kg ha-1)
1st harvest 2nd harvest

0 

'CNPA G2' 606.40 1,198.94
'CNPA G3' 907.83 1,046.72
'CNPA G4' 988.86 1,646.53
'BRS Seda' 794.07 1,074.39

30 

'CNPA G2' 812.41 1,223.48
'CNPA G3' 918.33 1,261.60
'CNPA G4' 992.50 1,691.43

'BRS Seda' 815.00 1,356.44

60 

'CNPA G2' 839.89 1,279.56
'CNPA G3' 1,009.16 1,481.75
'CNPA G4' 992.50 1,699.48
'BRS Seda' 864.83 1,400.09

90 

'CNPA G2' 908.43 1,597.48
'CNPA G3' 1,653.32 1,557.59
'CNPA G4' 999.75 1,710.73
'BRS Seda' 1,069.96 1,685.14

120 

'CNPA G2' 1,268.67 1,724.05
'CNPA G3' 1,703.84 1,886.41
'CNPA G4' 1,542.67 2,037.70
'BRS Seda' 1,649.00 1,827.74
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of N fertilization. It should be noted that, in the second 
harvest, despite the higher cost with fertigation (energy 
and labor), the cost with sesame production was lower. 
This can be explained by the lower cost with inputs 
(defensives) and labor for fertilizer application due 
to the lower incidence of plagues in the crop in the 
second harvest.

The variable and fixed income costs for the 
production of 1 ha of sesame differed between 
agricultural harvests (Table 2). In the first, variable and 
fixed costs were R$4,008.67 and 935.37 per hectare, 
respectively (mean of treatments). In the second, the 

variable and fixed costs were R$3,831.61 and 892.85 
per hectare, respectively.

In the first harvest, the greatest expenses with the 
sesame crop were related to labor, which corresponded, 
on average, to 57% of the total costs (Table 2). Inputs 
(seed, fertilizers, and agricultural pesticides) came 
next, representing, on average, 30.89% of production 
costs. In the second harvest, labor and input accounted 
for 57.48 and 29.37%, on average, respectively. The 
obtained results are indicative that the low production 
and competitiveness of sesame in Brazil are motivated 
by the cost of labor, low technological level, and inputs 
used in the cultivation system (Queiroga et al., 2009).

In the first harvest, the expenses with 30, 60, 90, 
and 120 kg ha-1 N fertilization corresponded to 1.97, 
3.86, 5.68, and 7.42%, respectively, of the total costs. 
In the second harvest, these values were of 2.07, 4.04, 
5.94, and 7.75% for the rates of 0, 30, 60, 90, and 
120 kg ha-1 (Table 2). The small differences in these 
expenses between harvests were due to the greater 
expenditure on agricultural defensives and labor. 
Therefore, to improve productivity and profitability 
through fertilization, it is important to take into 
account different fertilizer sources and rates, as well 
as cultivars (Umar et al., 2011; Haruna & Aliyu, 
2012; Shah et al., 2013). Haruna & Aliyu (2012), for 
example, obtained better yield and economic return 
when applying different combinations and rates of 
poultry manure, N, and P to sesame in an experiment 
in Nigeria.

The expenses with the rent of machines were less 
onerous to the farmer (Table 2), representing, on 
average, 4.98% of the total costs in the first harvest 
and 5.22% in the second. This result is explained by the 
fact that, in the semiarid region of Northeastern Brazil, 
sesame is cultivated using traditional technologies and 
simple management, which require a large amount of 
manpower. This implies a higher dependence on labor 
for sowing, thinning, harvesting, and postharvest 
handling (Beltrão et al., 2013). However, the cost with 
soil analysis was low, representing less than 1% of 
the total, which is important for the management and 
conservation of soil fertility.

The depreciation of the irrigation system was 
included in the total costs, since the useful life of 
the drip tapes was of only two years and of the PVC 
materials (Cunha et al., 2012) and the motor pump, of 
16 years. Therefore, it is of fundamental importance 

Figure 2. Gross income of the interaction of nitrogen 
rates and sesame (Sesamum indicum) genotypes in the 
first (A) and second (B) agricultural harvests in 2016, in 
the municipality of Mossoró, in the state of Rio Grande do 
Norte, in the Brazilian Northeastern semiarid.
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Table 2. Total costs for the production of 1 ha of sesame (Sesamum indicum) fertigated with different nitrogen rates in 
two agricultural harvests in 2016, in the municipality of Mossoró, in the state of Rio Grande do Norte, in the Brazilian 
Northeastern semiarid.

Discrimination Unit 1st harvest 2nd harvest
I. Expenditure on crop cultivation costs Amount R$ Amount R$
1. Machine rental: tractor with disk harrow, tractor with limestone distributor h 2.50 275.00 2.50 275.00
2. Labor

Installing the irrigation system Daily 3.00 120.00 3.00 120.00
Seeding Daily 3.00 120.00 3.00 120.00
Thinning Daily 3.00 120.00 3.00 120.00
Irrigation and/or fertigation h 81.00 405.00 98.00 490.00
Hand weeding (hoeing) Daily 3.00 120.00 3.00 120.00
Spraying (insecticide) h 15.00 600.00 11.00 440.00
Manual harvesting (cutting and stacking) Daily 10.00 400.00 10.00 400.00
Milling and sifting Daily 6.00 240.00 6.00 240.00

3. Sesame seed kg 3.00 24.00 3.00 24.00
4. Fertilizers

Urea (45% N) for 120 kg ha-1 N kg 266.67 426.67 266.67 426.67
Potassium chloride (60% K2O) kg 100 152.00 66.67 101.34
Single superphosphate (18% P2O5) kg 444.45 533.34 444.45 533.34

5. Agricultural defensives: insecticide L 3.25 240.40 2.10 182.07
6. Others 

Electricity for irrigation kWh 372.30 141.47 431.43 163.94
Soil analysis Unit 1.00 30.00 1.00 30.00
Individual protection equipment Unit 1.00 30.00 1.00 30.00

Subtotal (A)   3,947.89 3,786.36
II. Other expenses   
7. Administrative expenses (3% of the cost of the crop) 118.44 113.59
8. Technical assistance (2% of the cost of the crop)  78.96 75.73
9. Brazilian taxation on rural properties (R$10.00 per year)  3.01 2.88
Subtotal (B)   200.41 192.19
III. Financial expenses   
10. Interest on financing (7.49% per year)   89.20 81.66
Subtotal (C)   89.20 81.66
Variable cost (A+B+C=D)   4,234.49 4,060.22
IV. Depreciation   
11. Depreciation of facilities(1)   899.73 858.84
Subtotal (E)   899.73 858.84
V. Other fixed costs   
12. Maintenance of facilities (1% per year) 35.63 34.01
Subtotal (F)   35.63 34.01
Fixed cost (E+F=G)   935.37 892.85
Operational cost (D+G=H)   5,172.86 4,953.07
VI. Income from other factors   
13. Remuneration on fixed capital (6% per year) 213.81 204.09
14. Rent (R$1.200,00 ha-1 per year)   361.64 345.21
Subtotal (I)   575.45 549.30
Total cost (H+I=J)   
120 kg ha-1 N 5,748.31 5,502.36
90 kg ha-1 N 5,633.90 5,388.06
60 kg ha-1 N 5,519.48 5,273.75
30 kg ha-1 N 5,405.08 5,159.46
0 kg ha-1 N 5,290.67 5,045.16

(1)The useful life of the used materials and value required to replenish them were, respectively: 2 years and R$0.34 m-1 for 16,667 m of a low-density 
polyethylene hose, with emitters spaced at 0.30 m and nominal diameter of 16 mm; 16 years and R$1,423.25 for PVC pipes and fittings; and 16 years and 
R$4,735.00 for a 7.5 hp motor pump. The US dollar was quoted at R$3.61 on 5/31/2016 and R$3.19 on 10/31/2016.
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for the rural producer to save at least R$899.73 ha-1 in 
the first harvest and R$858.84 ha-1 in the second, in 
order to capitalize the amount necessary to replenish 
these materials, avoiding problems such as clogging of 
emitters and/or leaks and allowing the pump to operate 
at a high pressure and flow efficiency. 

The opportunity cost related to the rental of the 
property was also significant, corresponding to 
R$575.45 ha-1 in the first harvest and to R$546.30 ha-1 
in the second (Table 2). The cost was slightly higher in 
the first harvest because the sesame crop cycle lasted 
longer, 110 days vs 105 days of the second cycle.

To determine the profit from the investment, it was 
considered that the net income corresponded to the 
value of the gross income, subtracted from production 
costs. An increase was observed in the net income as 
the N rates increased (Figure 3), which was attributed 
to the higher productivities of the evaluated genotypes, 
reflecting directly in a higher profitability. Therefore, 
greater net incomes were obtained at the rate of 120 
kg ha-1 N, except for 'BRS Seda' in the first harvest. In 
addition, the results for 'CNPA G3' did not allow for 
adjustments of regression equations (Figure 3 A).

In the first harvest, the maximum net income values 
were: R$3,133.78 ha-1 for 'CNPA G2', R$5,048.57 ha-1 
for 'CNPA G4', and R$5,792.80 ha-1 for 'BRS Seda' 
(Figure 3 A). For the 'CNPA G3' genotype, there was 
no regression adjustment in the first harvest, and the 
average net income obtained was R$2,069.98 ha-1. In the 
second harvest, the maximum values were: R$7,428.36 
ha-1 for 'CNPA G2', R$8,630.74 ha-1 for 'CNPA G3', 
R$9,828.64 ha-1 for 'CNPA G4', and R$8,354.06 ha-1 
for 'BRS Seda' (Figure 3 B).

The genotypes that stood out in the first harvest at 
the rates of 0, 30, and 60 kg ha-1 N were 'CNPA G3' and 
'CNPA G4'. For net income, 'BRS Seda' showed higher 
values than the other genotypes at the rate of 90 kg ha-

1, and 'CNPA G3' and 'BRS Seda', at the rate of 120 kg 
ha-1 N (Figure 3 A). The net income of 'CNPA G4' was 
higher than that of the other genotypes in the second 
harvest, except at the rate of 90 kg ha-1, when it was 
similar to that of 'CNPA G2' and 'BRS Seda' (Figure 
3 B). Therefore, sesame genotypes behave differently 
under different rates of fertilizer application (Shah et 
al., 2013).

The second harvest provided a higher net income 
(Figure 3) due to the higher yields obtained because 
of the more favorable soil and climatic conditions for 

sesame cultivation (Figure 1), as well as to the lower 
production costs (defensives and labor). 

The rate of return, corresponding to the capital 
obtained for each applied real, increased as the N rates 
increased, with a higher rate of return at 120 kg ha-1 N 
(Figure 4). In the first harvest, the maximum values 
of the rate of return were: 1.54 for 'CNPA G2', 2.07 
for 'CNPA G3', 1.88 for 'CNPA G4', and 2.01 for 'BRS 
Seda' (Figure 4 A). The maximum values obtained in 
the second harvest were: 2.35 for 'CNPA G2', 2.57 for 
'CNPA G3', and 2.48 for 'BRS Seda' (Figure 4 B). For 
'CNPA G4', there was no equation adjustment, so the 
average value among rates was of 2.49.

Figure 3. Net income of the interaction of nitrogen rates and 
sesame (Sesamum indicum) genotypes in the first (A) and 
second (B) agricultural harvests in 2016, in the municipality 
of Mossoró, in the state of Rio Grande do Norte, in the 
Brazilian Northeastern semiarid.
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Regarding the rate of return, the genotypes that 
stood out in the first harvest were 'CNPA G3' and 
'CNPA G4' at the rates of 0, 30, and 60 kg ha-1 N. At 
the rate of 90 kg ha-1, 'CNPA G3' was superior to the 
others, and, at the rate 120 kg ha-1 N, 'CNPA G3' and 
'BRS Seda' (Figure 4 A). The 'CNPA G4' genotype was 
superior to the other genotypes, except at the rate of 90 
kg ha-1 N, when it was similar to 'CNPA G2' and 'BRS 
Seda' in the second harvest (Figure 4 B).

The profit margin, considered the relationship 
between the net income and the gross income, increased 
as the N rates increased, with a higher profitability of 
the cropping system at 120 kg ha-1 N (Figure 5). In 
the first harvest, the maximum values obtained for the 
profit margin were: 35.10% for 'CNPA G2', 51.80% for 

'CNPA G3', 46.72% for 'CNPA G4', and 49.44% for 
'BRS Seda' (Figure 5 A). In the second harvest, these 
values were: 58.62% for 'CNPA G2', 61.05% for 'CNPA 
G3', 63.86% for 'CNPA G4', and 60.45% for 'BRS Seda' 
(Figure 5 B).

In the first harvest, the genotypes that stood out 
regarding the profit margin were: 'CNPA G3' and 
'CNPA G4' at the rates of 0, 30, and 60 kg ha-1 N, and 
'CNPA G3', at 90 kg ha-1 N. Furthermore, the 'CNPA G3', 
'CNPA G4', and 'BRS Seda' genotypes were superior to 
'CNPA G2' at the rate of 120 kg ha-1 N (Figure 5 A). 
The profit margin of 'CNPA G4' was higher than that 
of the other genotypes at the rates of 0 and 30 kg ha-1 
N. However, at the rate of 60 kg ha-1 N, the 'CNPA G3' 
and 'CNPA G4' genotypes were superior to all others. 

Figure 4. Rate of return of the interaction of nitrogen 
rates and sesame (Sesamum indicum) genotypes in the 
first (A) and second (B) agricultural harvests in 2016, in 
the municipality of Mossoró, in the state of Rio Grande do 
Norte, in the Brazilian Northeastern semiarid. 

Figure 5. Profit margin of the interaction of the nitrogen 
rates and sesame (Sesamum indicum) genotypes in the 
first (A) and second (B) agricultural harvests in 2016, in 
the municipality of Mossoró, in the state of Rio Grande do 
Norte, in the Brazilian Northeastern semiarid. 

Nitrogen rates (kg ha )
1

B

0 30 60 90 120

66
P

ro
fi

t
m

ar
g
in

(%
)

58

50

42

34

26

18

10

2

6

14

22

30

A

Nitrogen rates (kg ha )
1

0 30 60 90 120

66

P
ro

fi
t

m
ar

g
in

(%
)

58

50

42

34

26

18

10

2

6

14

22

30



Nitrogen fertilization on the agro-economic performance of sesame 9

Pesq. agropec. bras., Brasília, v.56, e01928, 2021
DOI: 10.1590/S1678-3921.pab2021.v56.01928

In relation to the rates of 90 and 120 kg ha-1 N, there 
was no statistical difference between the genotypes in 
the second harvest (Figure 5 B).

The second harvest provided higher profit margins 
due to the lower production costs, which resulted in a 
higher economic return. Therefore, since the rate of 
return and the profit margin are related to production 
costs, gross income, and net income, these factors can 
be used by the farmer to decide on the application or 
not of capital for investment and to pinpoint economic 
return. This shows that the success and acceptance of 
any technique depends on its economic viability and 
the costs involved (Shah et al., 2013).

Conclusions

1. Increasing rates of nitrogen fertilization by 
fertigation increase the gross income, net income, rate 
of return, and profit margin of the sesame (Sesamum 
indicum) crop in the Brazilian Northeastern semiarid.

2. Nitrogen fertigation at the rate of 120 kg ha-1 
provides the maximum agro-economic performance 
for the 'CNPA G2', 'CNPA G3', 'CNPA G4', and 'BRS 
Seda' sesame genotypes.

3. The 'CNPA G4' genotype subjected to nitrogen 
fertigation presents the highest agro-economic 
efficiency in the second agricultural harvest. 
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