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Resumen

La investigacion trata sobre dosis de nitrégeno y densidades de siembra de arveja. Objetivo fue
determinar que dosis de nitrégeno y densidad de siembra obtuvo mayor rendimiento. La
metodologia se basa en investigacion aplicada; por lo que, se emple6 el modelo estadistico del
Disefio de Bloques Completamente al Azar que consté 3 bloques y 6 tratamientos. Se aplicé las
dosis a 17 dias 1/2 N, 100 % P20sy 100 % K20 y 62 dias después de la siembra 1/2 N, se evalud
desde siembra hasta cosecha y los datos se procesaron mediante analisis de varianza de dos
factores y Duncan, se tom6 muestras de hojas para andlisis foliar y determiné la cantidad total
de nitrogeno utilizado. Se determiné que Ts destacd en longitud de tallo con 128.42 cm,
rendimiento comercial con 12.53 tn/ha, T4 en peso de vainas con 620 g, nimero de vainas por
planta con 48, Te en concentracion de nitrdgeno con 6.60 g/ 100 g de materia seca y Ts en
cantidad de nitrégeno utilizado con 154.3 kg/ha que obtuvo mayor rendimiento. Se concluye, que
la mayor dosis de nitrégeno y menor distanciamiento que es Ts obtuvo mayor rendimiento
superando en 24.52 % en relacion al T1.

Palabras clave: Dosis de nitrdgeno; densidad de siembra; arveja; rendimiento.

Abstract

The research deals with nitrogen doses and sowing densities in peas. The objective was to
determine which nitrogen dose and sowing density obtained the highest yield. The methodology
is based on applied research; Therefore, the statistical model of the Completely Random Block
Design was used, which consisted of 3 blocks and 6 treatments. The doses were applied at 17
days 1/2 N, 100% P20s and 100% K20 and 62 days after sowing 1/2 N, it was evaluated from
sowing to harvest and the data were processed by analysis of variance of two factors and Duncan,
took leaf samples for foliar analysis and determined the total amount of nitrogen used. It was
determined that T5 stood out in stem length with 128.42 cm, commercial yield with 12.53 tn/ha,
T4 in weight of pods with 620 g, number of pods per plant with 48, T6 in nitrogen concentration
with 6.60 g/ 100 g of dry matter and T5 in the amount of nitrogen used with 154.3 kg/ha that
obtained the highest yield. It is concluded that the higher dose of nitrogen and less distance that
is T5 obtained higher performance exceeding by 24.52% in relation to T1.

Keywords: Nitrogen dose; sowing density; pea; yield.
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1. Introduction

By many, nitrogen compounds have been applied in a variety of ways and have inadequate
spacing with the purpose of increasing the yield in vegetables, which has caused a reduction in
yield, an increase in production cost, environmental pollution and economic loss. This is due to
the fact that the constant use of synthetic nitrogen fertilizers generates nitrate residues that, due
to their mobility, seep into the groundwater table and pollute. According to Gonzélez (2019), he
states that nitrogen is one of the primary nutrients, being the main limitation for agricultural
productivity, since it is a constituent of enzymes, proteins, DNA, and chlorophyll; However, the
main impacts of the excessive application of nitrogen are eutrophication, acidification and toxicity.
Likewise, Gonzales et al. (2012), conclude that the sowing density influences the fruit yield, the
lower the number of plants, the higher the number and weight of fruit per plant; but lower fruit
yield per hectare.

Also, it is important to take into account the loss of nitrogen in the soil that, due to denitrification,
volatilization, leaching, extraction by crops and the inadequate dose of synthetic nitrogen
decreases the concentration, which is deficient in the availability of this nutrient and that causes
lower performance and therefore economic loss. This analysis is supported by Larios-Gonzalez
et al. (2021), who conclude that nitrogen losses due to volatilization are considerably higher when
the source is urea, regardless of the application method, which translates into a greater
accumulated nitrogen loss.

Therefore, it is important to mention that in many cases soil analysis has been carried out in order
to determine the appropriate dose of nitrogen; However, it is necessary to take into account the
appropriate sowing spacing in order to increase yield, improve fruit quality, reduce contamination
and therefore obtain greater economic profit. The analyzed is based on Feltrim et al. (2011), who
states that to increase productivity in crops, a constant review of fertilization in relation to
population density is required, due to the commercialization of new cultivars, the emergence of
new growing regions and market characteristics of the vegetable.

It is worth mentioning that nitrogen influences the development of the plant presenting
succulence, vigor and greenness; However, these qualities can be affected by the damage of
pests and if the distance between plants is less, nutritional competition increases, which influence
in reducing the yield and quality of the fruit. Therefore, it is necessary to determine an adequate
dose and distance. This analysis is supported by Cataladn (2016), who affirms that managing low
sowing density: a high population of plants increases the environmental humidity of the crop and
predisposes the plant to attack by pathogens.

Due to this situation, an investigation was carried out on what nitrogen doses and sowing density
influence to obtain higher yields from pea crops in the province of Barranca. Therefore, the
purpose was to determine the appropriate sowing dose and density to increase yield, reduce
production cost, reduce environmental pollution and obtain greater economic profit.

2. Materials and Methods

Kind of investigation

The experiment is based on the type of applied and experimental research; Since by means of
continuous evaluations of the samples and statistical analysis processing, it was determined
which nitrogen dose is adequate and in which distance the highest pea yield was obtained.

Location and weather conditions

The investigation is located in the Supe Puerto district, Barranca province. Likewise, it is
mentioned that to the north it limits Calle Alcantarilla, south Calle Leoncio Prado, east Jirén Pan
de Azacar and west Antigua Panamericana Norte. The climate conditions present Temperature
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of 23 - 25 °C, Relative humidity 85 - 88% and altitude 84 m.a.s.l. (meters above sea level). See
figure 1.

Q@  Fasae Tres Pearm

Pasaje Tres Pledras

Covutunaten 10 TE3768. JI7 7357087

Figure 1. Location of the experimental area
Source: satellite-map.gosur.com, 2021

Soil analysis

To determine the concentration of nutrients in the soil, samples were taken in a staggered manner
and from there it was poured into a blanket and the representative sample of 1 K g was taken and
taken to the INIA (National Institute of Agrarian Innovation) - Huaral for analysis. The results
determined that the pH was 7.13 which is neutral and does not present salt problems. Regarding
the values of lower contraction, organic matter obtained 1.31% (2% - 4%), nitrogen with 0.07%
(0.1% - 0.2%), available phosphorus with 8% (12ppm - 36 ppm) and potassium in normal
concentration. with 92 ppm (12 ppm - 250 ppm), calcium carbonate. Therefore, this soil presents
a deficiency of macronutrients such as nitrogen, which is necessary to apply organic matter that
favors the incorporation of nutrients for their availability. See table 1.

Table 1. Basic soil analysis, for pea cultivation

pH CaCos Cation exchange
EC. 4p5 OM N P K (%) (MEQ/100 g soil) CEC
(mS/cm) (%) (%) (ppm)  (ppm) Ca Mg Na K
1.50 713 131 0.07 8 92 0.88 15.06 087 0.19 0.24 16.36

Source: INIA (2019), Basic soil fertility analysis for pea cultivation.

Note: E.C: Electrical conductivity
O.M.: Organic matter
mEq.: Milli equivalent
CEC: Cation exchange capacity
ppm: Parts per million
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Nitrogen in the soil

According to the Kjeldahl method, the percentages of normal nitrogen values in the soil are 0.1%
- 0.2% (Egoavil, C, 2014). Therefore, this result indicates a low nitrogen concentration, which
requires the incorporation of organic fertilizer. See table 2.

Table 2. Normal values of nitrogen in the soil

Total concentration of Normal
Element nitrogen compounds values Calification
(%) (%)
Nitrogen 0.07 01 -0.2 Bajo

Source: INIA (2019), Basic soil fertility analysis for pea cultivation

Fertilization recommendation

Regarding the fertilization dose, INIA - Huaral determined the recommended doses, which
obtained the values detailed in table 3. These were applied 1/2 N, 100% P20s and 100% K>O at
17 and 1/2 N at 62 days after sowing, in the sources of total amount of Urea with 114.36 kg,
Diammonium Phosphate with 152.17 kg and 160 Potassium Sulfate. It is necessary to mention
that Urea has 46% N, Diammonium Phosphate 18% N and 46% P20s and Potassium Sulfate 50%

K20.
Table 3. Recommended dose for pea crops
Culture Dose (kg/ha)
N P20s K20
Pea 80 70 80

Source: INIA (2019), Basic soil fertility analysis for pea cultivation

Study factor
Fertilization
It includes the fertilization doses of the pea crop, which were formulated in three types according
to the soil analysis. It is worth mentioning that only nitrogen concentrations were varied. See table

4.
Table 4. Nitrogen fertilization dose
Symbol Nitrogen dose
F1 00- 70-70
F2 80-70-70
F3 120-70-70
Distancing

Concerning the distance of the measurements between rows and between plants, the
measurements that farmers in the area sow were taken into account. See table 5.

Table 5. Distance between furrow and between pea plant

Symbol Between row and plants Plants per hectare
D1 1.5m.*0.25m. 53 333
D2 1.5m.*0.35m. 38 095
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Treatments
The fertilization and spacing study factors were detailed, followed by grouping in an orderly
manner and in this way the interactions were obtained. See table 6.

Table 6. Fertilization and sowing density of pea

Treatments fertilization vs density
T1 Fi1* D1
T2 F1* D2
Ts F2* D1
Ta F2* D2
Ts Fs* D1
Te Fs* D2

Calculation of the amount of nitrogen in the soll
The weight of the arable shell was calculated with the following formula

[P.ha] = (Prof.x S+ D.A.x Ha)

Where:

[P.ha]: Topsoil weight per hectare
Prof: Soil depth (0.25 m?)

S: Soil weight is 3500 tn

D.A: Apparent density (1.4 g/cm®)

Ha: 10000 m?
Then the organic carbon was calculated with the Van Bemmelen factor cited by (Vela et. Al.,
2012)
[Org.C.] = (0.M.x0.58)
Where:

Org. C.: Organic Carbon
O.M.: Organic Material

Then the table of conversion factor from total nitrogen to available nitrogen (A.N.) was used.

Table 7. Total to available nitrogen conversion factor at ppm in relation to Carbon to nitrogen

(CIN)
Margin Total Nitrogen conversion factor in percent, to
C/N ratio Nitrogen in ppm
Greater than 12 11.2
From 10 to 12 140
Under 12 225

Source: Kass C.L D (1998), Soil fertility.

It was replaced and divided with N from the soil analysis, obtaining C/N

C (1.31.x0.58) 076 10,85
N 0.07 =) 0.07
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The result was compared with the C/N ratio margin (table 7), the operation was carried out
obtaining available nitrogen from the soil (table 1): ND = 0.07 * 140 ppm = 9.8 ppm and then the
relationship with [P.ha ] obtaining 34.3 Kg of Nitrogen in soil.

Procedures
The procedures were carried out as follows:

e Soil samples were taken in a staggered manner and from there 1 kg of representative soil
was taken and sent to the INIA-Huaral laboratory.

e Once the results of the soil analysis were obtained, the nitrogen doses and two spacings that
farmers in the area sow were formulated. These were combined in an orderly manner for
each treatment. See table 6.

e Then the statistical model of the Completely Random Block Design with Factorial
arrangement was used, which was delimited into three blocks and 6 treatments.

e Then the plots were delimited at 5.25 m and 4.5 m and they were sown according to the
distances detailed in table 5. Also, 17 days after sowing, 1/2 N, 100% P20s and 100% K-O
were applied. 62 days after servant 1/2 N.

e From there, the evaluations of each sample were carried out and the data were processed
through statistical analysis.

e Finally, leaf samples were taken for foliar analysis, which allowed determining which nitrogen
concentration influenced to obtain higher yields.

C'smflﬁ?cm //\

Field ()
I
Pod weight per
planti:g
V\-‘e:ght of
apod (kg)

06 Jime 25 July 30 July: 22 Xusust 2 September 03 Qetober
| | I
.Germ.inaﬁan Vesetativesrowth  Elowering  Eouiting - Exuit development  Harxest

| _ 1

10 dds. 59 d.d.s 64dds 87 d.d.s 98 d.d.s- 129
Dose 1 ‘
application | 13t deseapplisation 2nd dosz application
(17dds) (62 dds)

Figure 2. Date of evaluation and application of nitrogen doses
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3. Results

Stem length

After the two-factor analysis of variance of the stem length that is detailed in table 8, it was
determined that there was significance in the interaction; that is, the nitrogen fertilization doses
and sowing density influenced the stem length, which showed statistical differentiation and T4
stood out with 12.8.42 cm. Therefore, it is analyzed that at a higher dose of nitrogen and a lower
sowing density, this nutrient was used in an optimal way, influencing the development of the plant
and its architecture. This analysis is supported by BID et al., (2020), who affirm that the application
of nutrients and their effect on yields is variable, and depends on various factors such as the
cultivation site, the previous soil conditions, the time of application, sowing density, etc.

Table 8: Results of the physical characteristics of the treatments

Stem length Treatme  Pod weight  Treatme Number of Treatm Performan_ce
Treatment (cm) nt per plant (g) nt pods per ent Commercial
plant (N°) (tn)
Ts Fs* D1 128.423 a Ta 620.0 a Ta 47.644 a Ts 12.537 a
Ta F2* D2 125.302 ba Ts 536.5 a T2 46.222 a Ta 11.123 a
T2 Fi1* D2 122.352 bac T2 450.4 a Ts 43.866 a T3 10.615a
Ts Fs* D2 121.632 bc Te 4228 a Ts 40.222 a Te 10.530 a
T3 F2* D1 118.963 bc Ts 380.5a T1 38.733 a T2 10.024 a
T1 F1* D1 116.978 c Ty 334.7 a T3 38.355 a T1 9.463 a
Significance * i * i
VC % 2.7 % 35.97 % 15.96356 15.57 %

Note: VC % (Percentage of coefficient of variation)

Pod weight per plant

Regarding the statistical analysis of pod weight per plant that is seen in table 8, it was determined
that there was no significance in the interaction; that is, the nitrogen doses and sowing density
did not obtain statistical differentiation. Therefore, it is interpreted that the nitrogen doses and
sowing density did not influence the use and strengthening of the plant, which did not increase
pod yield. However, the T4 with 620 g of pods stood out in relation to the others. Therefore, it is
analyzed that at an adequate dose of nitrogen and sowing density, it obtained greater availability
of this nutrient, influencing its development and resistance to stress factors, thus obtaining higher
yields. This analysis is based on Mas, F. (2007) who determined that the adequate dose of
nitrogen and phosphate fertilization, based on various forms of fertilization and densities in beans.
According to the results, the variables number of pods per plant and weight of 100 grains were
higher in the densities of 200,000 and 250,000 plants/ha.

Number of pods per plant

Regarding the statistical analysis of the number of pods per plant that is detailed in table 8, it can
be seen that there was no significance; which means that the nitrogen doses and sowing density
did not influence the number of pods. However, the T4 with 48 pods stood out in relation to the
other treatments. This result is interpreted that at an adequate dose of nitrogen and higher sowing
density, a greater number of pods were obtained. Which is analyzed that at higher sowing density
this nutrient was used in an optimal way, influencing the development of the plant, resistance to
stress factors and obtaining higher yields. This analysis is based on Garcia & Calderén (2021),
who determined that at 4900 plants/ha the highest yield (2611 kg/ha), harvest index (0.19) and
pods per plant (125), in relation to 3267 plants/ha and 2450 plants/ha.
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Business performance

Corresponding to the statistical analysis of commercial performance that is observed in table 8, it
is indicated that there was no significance in the interactions; mentioned in another way, nitrogen
doses and spacing did not influence performance; However, at a higher dose of this nutrient and
a lower sowing density, which is T5, it obtained 12,537 tn/ha, which stood out in relation to the
other treatments. Therefore, itis interpreted that the higher the dose of this nutrient and the lower
the sowing density, the yield increased to 24.52% in relation to the control (T1). Consequently, at
this dose of nitrogen and spacing, nitrogen was used optimally and promoted the absorption of
other nutrients for the development of the plant and therefore in the increase of yield. The analysis
is supported by Calero et al. (2018) who determined that the best results were achieved by the
density of 200,000 plants/ha and increased productivity by 1.97, 0.38 and 1.29 tn/ha, with respect
to the other evaluated densities of 160,000, 180,000 and 220,000 plants/ha. Likewise, Ramirez
(1984), investigated on different doses of nitrogen, 200 kg N, 0 kg/ha and phosphorus 0 kg N,
120 kg P20s/ha, determining that the highest production was obtained with 1231.6 kg/ha and with
levels of 0 N and 120 kg P2Os/ha obtained 975.9 kg/ha of beans.

Leaf analysis by treatment

Regarding the foliar analysis carried out at INIA - Huaral, which details the data in table 9, it
indicates that the T6 obtained 6.60 g of nitrogen in 100 g of dry matter; however, this concentration
did not stand out in performance; since the T5 with 5.96 g of nitrogen in 100 g of dry matter stood
out with 12,537 tn/ha. Therefore, at this dose of nitrogen and sowing density, it obtained the
normal concentration qualification of this nutrient in leaves, which indicates that it was used in an
optimal way and that it influenced the development and therefore the yield of the pea crop. The
analysis is supported by FAO, (2002) that mentions nitrogen is the engine of plant growth.
Supplement one to four percent of the dry extract of the plant. Which is absorbed from the soil in
the form of nitrate (NO3 *) or ammonium (NHs *) and is an essential constituent of proteins, it is
involved in all the main processes of plant development.

Table 9: Nitrogen concentration results by treatment

Treatments Interactions Results (%) Qualification \N/glrlrjril Per(f% r/rrr::)nce
T1 F1*D1 3.45 Low 4.50 -6.00 9.463
T2 F1*D2 2.98 Low 4.50 -6.00 10.024
T3 F2*Da 5.20 Normal 4.50 -6.00 10.615
T4 F2*D2 5.45 Normal 4.50 -6.00 11.123
Ts Fs*D1 5.96 Normal 4.50 -6.00 12.537
Ts F3*D2 6.60 High 4.50 -6.00 10.530

Source: INIA (2019), Analysis of percentage of nitrogen in leaves.

Nitrogen contribution

Concerning the concentration of nitrogen in the soil that is detailed in table 10, the amount was
determined by means of soil analysis and with the Van Bemmelen method and converted with
the conversion factor from total nitrogen to available to ppm in relation to carbon. To nitrogen,
34.3 Kg/ha of available nitrogen was obtained and added with the additional dose of 120 Kg/ha
of nitrogen obtained 154.3 Kg/ha of nitrogen which is the total used and that at a lesser distance
between 0.25 m between plant and 1.5 m between rows, which is T5, stood out in higher yield
with 12 537 tn/ha of pea. Therefore, in this low nitrogen percentage soil condition, the application
of nitrogen doses and at this sowing density influenced the development of the plant, improved
resistance to stress factors and therefore increased yield. The analysis is based on Rennie and
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Dubetz, (1986) and Prieto (2010), they state that the nitrogen fixation capacity of peas is usually
very high. Contributions of up to 185 kg/ha have been measured in this way.

Tablel0. total nitrogen used per treatment for the pea crop

Nitrogen in the Total nitrogen Performance

Treatment Interaction Nitrogen dose .
soil used (Kg,)
T1 F1 D1 0 34.3 34.3 9 463
T2 F1D2 0 34.3 34.3 10 024
Ts F2 D1 80 34.3 114.3 10615
T4 F2 D2 80 34.3 114.3 11123
Ts FsD1 120 34.3 154.3 12 537
Ts F3 D2 120 34.3 154.3 10 530

4. Conclusions

e It was determined that the fertilization dose N: 120 - P20s: 70 and Kz20: 70 kg/ha and
distance between furrows 1.5 m. and between plants at 0.25 m, it obtained the highest yield
with 12.53 tn/ha of pea. Therefore, at this dose of nitrogen and spacing, this nutrient was
used in an optimal way, which influenced the development of the plant, protection against
stress and therefore increased yield.

¢ Nitrogen concentration in pea leaves was also determined, which highlighted the T6 with
6.60 g of nitrogen in 100 g of dry matter; however, this concentration did not influence
performance; Therefore, T5 with 5.96 g of nitrogen in 100 g of dry matter in normal rating
obtained the highest performance. Consequently, this concentration of this nutrient is taken
as an indicator in which it was used in an optimal way and a higher yield was obtained.

¢ Finally, the amount of nitrogen available in the soil was determined, which is 34.3 Kg / ha
and adding 120 Kg of nitrogen / ha with a total of 154.3 Kg / ha and 1.5 m distance between
furrows. and between plants at 0.25 m, which is the T5, stood out in higher yield of the pea
crop. Therefore, this amount of nitrogen used did not harm performance, on the contrary,
it influenced development and performance.
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