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Abstract
The increase in fertilizer prices was 20% after the pandemic, which increased the cost of crop production in 
Peru. For this reason, research was conducted on the analysis of the chemical and biological characteristics and 
their relationship with the yield of radish nourished with compost based on plant residues. The objective was to 
analyze the chemical and biological characteristics and their relationship with the yield of radish nourished with 
vegetable waste-based compost. It is based on the methodology applied with an experimental approach; therefore, 
the statistical model of the Completely Randomized Block Design was used, which consisted of 3 blocks and 5 
treatments that were T1 with 0, T2 with 4, T3 with 6, T4 with 8 and T5 with 10 t/ha of compost based on vegetable 
residues, and the doses were applied 14 days after sowing. Physical characteristics (total plant length, plant weight, 
bulb equatorial diameter and marketable yield), nutrient concentrations (nitrogen, potassium, phosphorus, calcium, 
magnesium, sulfur, molybdenum, iron, manganese, copper, zinc, boron, chlorides and sodium) in leaves and stomata 
density were evaluated. The results determined that T5 stood out in total plant length with 28.07 cm, plant weight 
with 75 g, bulb equatorial diameter with 4.52 cm and commercial yield with 22.53 t/ha. In the total contribution of 
nitrogen in relation to yield with 300.44 kg/ha. Profitability with 186.8%. Quantification of stomata per treatment 
with 598 stomata/mm2 and concentration of nutrients in leaves at T3 with nitrogen, potassium, phosphorus and 
magnesium. It concludes that T5, which has an adequate concentration of nutrients in leaves such as magnesium, 
manganese, zinc and stomata density of 598 stomata/mm2 influenced optimal biochemical reactions that resulted 
in the highest yield with 22.53 t/ha, differing by 31.38% in relation to T1.

Keywords: plant residues, compost, dosage, nutrients, stomata, yield.

Resumo
O aumento dos preços dos fertilizantes foi de 20% após a pandemia, o que aumentou o custo da produção agrícola 
no Peru. Por esse motivo, foi realizada uma pesquisa com o objetivo de analisar as características químicas e 
biológicas e sua relação com o rendimento do rabanete nutrido com composto à base de resíduos vegetais. Baseia-
se na metodologia aplicada com abordagem experimental; portanto, foi empregado o modelo estatístico do 
Delineamento em Blocos Completamente Casualizados, que consistiu em 3 blocos e 5 tratamentos que foram T1 
com 0, T2 com 4, T3 com 6, T4 com 8 e T5 com 10 t/ha de composto à base de resíduos vegetais, e as doses foram 
aplicadas 14 dias após a semeadura. Foram avaliadas as características físicas (comprimento total da planta, peso da 
planta, diâmetro equatorial do bulbo e produtividade comercial), concentrações de nutrientes (nitrogênio, potássio, 
fósforo, cálcio, magnésio, enxofre, molibdênio, ferro, manganês, cobre, zinco, boro, cloretos e sódio) nas folhas e 
densidade de estômatos. Os resultados determinaram que o T5 se destacou em comprimento total da planta com 
28,07 cm, peso da planta com 75 g, diâmetro equatorial do bulbo com 4,52 cm e produtividade comercial com 
22,53 t/ha. Na contribuição total de nitrogênio em relação à produtividade com 300,44 kg/ha. Rentabilidade com 
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and 5.25% hydrogen. Therefore, these amounts in pods and 
foliage indicate that this legume is an important source 
of carbon and nitrogen for composting.

For this reason, research was conducted on the analysis 
of the chemical and biological characteristics and their 
relationship with the yield of radish nourished with 
vegetable waste-based compost. The objective was to 
analyze the chemical and biological characteristics and 
their relationship with the yield of radish nourished with 
vegetable waste-based compost. Therefore, the statistical 
model of the Completely Randomized Block Design was 
used, consisting of 3 blocks and 5 treatments.

Finally, the purpose of this research is to take advantage 
of the vegetable residues generated in the field to give 
them an added value as compost. This fertilizer is a 
nutritional source that, in adequate doses, will serve as a 
recommendation for farmers in the area.

2. Materials and Methods

2.1. Type of research

It is based on applied research with an experimental 
approach; since through continuous evaluations of the 
samples, the adequate dose of compost based on vegetable 
residues was obtained to obtain higher radish yields.

2.2. Population

The population consists of radish plants, which are 
grown from 50 to 150 meters above sea level. Therefore, 
the data obtained in the experiment were validated.

2.3. Sample

The sample consisted of 20 plants, which is equivalent 
to 31.25% of 64 plants per plot that were marked for the 
evaluation of physical characteristics. These were taken 
from the center rows of the 2 twin rows in order to avoid 
the edge effect.

2.4. Study factor

The doses of compost based on plant residues were 
established according to the soil analysis obtained from the 
National Institute for Agrarian Innovation (INIA) - Huaral. 
We also considered what farmers in the area apply, which 
is 6 to 8 tons per hectare, and the recommendation of 
Hirzel and Salazar (2016), who mention that 6 to 12 t/
ha of compost based on vegetable by-product residues 
or compost from a mixture of animal and vegetable by-
products should be applied. Therefore, the standard dose 
was set at 6 tons per hectare and the planting, fertilization 
and phytosanitary control tasks were carried out in the 
same way (See Table 1).

1. Introduction

The increase in fertilizer prices was 20% after the 
pandemic, which increased the cost of crop production 
in Peru. This increase caused considerable damage to 
farmers, leading to a social and food crisis that worsened 
even more in the interior of the country. In this regard, 
Legua Cárdenas  et  al. (2023) state that Peru has been 
adversely affected by the increase in fertilizer prices by 
more than 25% compared to previous years. Castañeda 
Chirre et al. (2022) mention that the increase in fertilizer 
prices in Peru, such as Urea, Diammonium Phosphate, 
Potassium Sulfate, Nitrate and other products necessary 
for agriculture, has affected vegetable production, which 
influenced food prices.

Due to this situation, it is necessary to innovate in 
sustainable alternatives to supply nutritional products. 
In this case, it is possible to take advantage of the residues 
generated in the field, such as vegetable residues from 
peas and other vegetables, which have a concentration 
of nutrients such as N, P, K and other elements involved 
in the development, strengthening and yield of the plant. 
The aforementioned is supported by the study of Cajusol and 
Moisupe (2019), who determined that cattle manure, sweet 
potato stubble, corn, sorghum and grass pruning remains 
presented carbon (18.70% to 44.86%), nitrogen (0.78% to 
2.10%) and C/N ratio of 13.15 to 56.08, demonstrating 
that agricultural solid residues can be used as fertilizers. 
Also Pérez Leal (2017) evidenced that through analytical 
chemistry techniques and micromethods, elements were 
identified in vegetables in 100 g of dry matter as carbon 
with 45%, oxygen with 45%, hydrogen with 6%, nitrogen 
with 1.5%, calcium with 0.5%, potassium with 1%, sulfur 
with 0.1%, phosphorus with 0.2%, magnesium with 0.2% 
and silicon with 0.1%.

It is important to mention that by applying compost 
based on pea, bean and other vegetable residues to 
the soil, physical, chemical and biological properties 
are improved, which favors nutritional conservation 
and plant development. According to Argote (2016), he 
exposes that by applying rice straw compost mixed with 
manure in a 3:1 ratio to the soil and then analyzing the 
soil in the laboratory, it was determined that there was 
a slight increase in soil organic matter and porosity was 
maintained. In addition, Cardona and Hernández (2008) 
determined that pruning residue compost (grasses, dry 
leaves, etc.) has a good cation exchange capacity (CEC) 
and can be used as an organic amendment to improve 
soil properties.

On the other hand, Arce-Insuasty et al. (2019) highlight 
that in the laboratory it was determined that pea pods, 
with a dry weight of 30 g, contain 39.6% carbon, 3.77% 
nitrogen and 5.25% hydrogen, while the foliage, also with 
30 g dry weight, contains 40.5% carbon, 3.05% nitrogen 

186,8%. Quantificação de estômatos por tratamento com 598 estômatos/mm2 e concentração de nutrientes nas 
folhas no T3 com nitrogênio, potássio, fósforo e magnésio. Conclui que o T5, que possui concentração adequada 
de nutrientes nas folhas como magnésio, manganês, zinco e densidade de estômatos de 598 estômatos/mm2, 
influenciou reações bioquímicas ótimas que resultaram na maior produtividade com 22,53 t/ha, diferindo em 
31,38% em relação ao T1.

Palavras-chave: resíduos vegetais, composto, dosagem, nutrientes, estômatos, rendimento.
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2.5. Determination of the amount of nitrogen in the soil

Calculation of the arable soil layer per hectare
To determine the weight of the arable layer, the Formula 

1 of Ipanaqué (2023) shall be applied.

( ) ( ) ( )   .   . .   Weight Ha P soil x D ap x Ha = 	 (1)

where: Weight Ha: Soil weight of the arable layer per 
hectare; P. soil: Depth of soil (0.20 m); D.ap.: Apparent 
density (1.4 g/cm3); Ha: Hectare (10 000 m2); Weight Ha: 
2800 t/ha of soil.

2.6. Determination of organic carbon

Van Bemmelen’s formula was applied which is [Organic C.]= 
(M.O.x 0.58) (Vela et al., 2012; Formula 2).

( )
( )

 .   . .  0.58   

1.42%*0.58  0.8236%.

= =

=

  Organic C M O x
	 (2)

where: C. Organic: Organic carbon; O.M.: Organic matter 
with 1.42% (Table 2) (INIA, 2023a).

2.7. Quantification of carbon/nitrogen ratio (C/N)

The values were replaced using the Formula 3 for the 
carbon and nitrogen ratio.

( )/   1.42%  0.58 / 0.07%  

0.8236 / 0.07  11.76

= =

=

C N x
	 (3)

where: C. Organic: Organic carbon; N: 0.07% N (nitrogen) 
(Table 2) (INIA, 2023a); C/N: Carbon/Nitrogen ratio 11.76.

Obtaining the value of the C/N ratio, which is 11.76, 
was taken as an indicator within the margins of the C/N 
ratio that is in the conversion table of total nitrogen to 
available nitrogen (See Table 3).

After comparing the C/N ratio indicator, which has a 
value of 11.76, it was determined that it is within the C/N 
ratio range of 10 to 12, which is equivalent to 140 ppm of 
nitrogen. Next, the Available Nitrogen (N.D.) formula was 
applied, which is equal to 140 ppm of nitrogen multiplied 
by 0.07 of soil nitrogen (Table 2) (INIA, 2023a). The result 
was 9.8 ppm of N.D. Subsequently, this amount was 
projected by the weight of the arable layer of the soil, 
which is 2800 t/ha of soil, obtaining 27.44 kg/ha of N.D.S. 
(Soil Available Nitrogen).

2.8. Determination of the standard dose of compost in 
relation to nitrogen

The standard dosage of compost based on plant residues 
was determined as follows:

The amount of nitrogen was taken from the fertilization 
recommendation of INIA - Huaral, which is 180 kg/ha of 
N (Table 4) (INIA, 2023b). From this value, 27.44 kg/ha of 
N.D.S. were subtracted, resulting in 152.56 kg/ha of N.D.A. 
(Available Nitrogen Applied).

Then, the nitrogen value obtained from the analysis of 
compost based on plant residues was taken, which has 
2.73% (Table 5) (INIA, 2023c). This value was projected for 
doses of 6 to 8 t/ha, which resulted in 163.8 to 218.4 kg of 
nitrogen in compost.

Finally, by subtracting the amount of nitrogen obtained 
from the fertilization recommendation with the nitrogen 
present in the soil (180 kg/ha of N - 27.44 kg/ha of N), a 
surplus of 152.56 kg/ha of N was obtained. This surplus 
was compared with the nitrogen projected in the compost 
doses of 6 to 8 t/ha, which is equivalent to 163.8 to 218.4 kg/
ha. Therefore, it was established that the standard dose is 
6 t/ha of compost based on plant residues (peas).

2.9. Statistical processing

2.9.1. Statistical analysis of physical characteristics

a)	 Analysis of variance
Once the data on the physical characteristics of the 

radish were obtained, they were processed by analysis 
of variance, which determined whether the calculated F 
was greater than the tabulated F at 5% error (Fcal > Ftab5% 
error) or not, which means that there was significance 
(compost dose effect) or not. It is worth mentioning that 
the tabulated F values were obtained from Fisher’s table 
at 5% error.
b)	 Duncan’s test

After processing the data of the physical characteristics 
of the radish by means of the analysis of variance, the 
Duncan test at 5% error was performed, which qualified 

Table 1. Dosage of compost based on plant residues per treatment.

Treatments t/ha g/plant

T1 0 0

T2 4 10

T3 6 15

T4 8 20

T5 10 25

Table 2. Soil analysis of the radish experimental area.

E.C. 
1:2.5 

mS/cm
pH1:2.5 O.M. % N %

P mg 
kg-1

K mg 
kg-1 CaCO3%

Cation Exchange (mEq/100 g soil)
CEC

Ca Mg Na K

0.228 8.31 1.42 0.07 14.25 241.37 1.81 6.36 0.71 0.29 0.62 7.98

E.C.: Electrical conductivity; O.M.: Organic matter; CEC: Cation Exchange Capacity.
Source: INIA (2023a).
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the averages and grouped them into a letter that indicates 
whether there is homogeneity or not. It also determined 
which dose stood out in relation to the others.

2.9.2. Statistical processing of total nitrogen input

In determining the amount of nitrogen for each 
treatment, a simple rule of three was used, which consisted 
of projecting 2.73 kg of nitrogen per 100 kg of compost 
at 4, 6, 8 and 10 t/ha of compost. The results were 109.2, 
163.8, 218.4 and 273 kg/ha of nitrogen, respectively. These 
values were then added to the 27.44 kg of nitrogen in the 
soil for each treatment, thus obtaining the total nitrogen 
contribution. In this way, it was determined which total 
amount of nitrogen is related to the highest radish yield 
(See Table 6).

2.9.3. Statistical processing of stomata quantification

Regarding the quantification of stomata shown 
in Table  7, radish leaves from each treatment were 
sampled and observed by scanning electron microscopy 
at 300 µm (micrometers). Then, this measurement was 
projected on each side of the lens in millimeters and 
the length was multiplied by the width to obtain the 
area of 0.3228 mm2. From there, the stomata of each 
treatment were counted and divided by the area of the 
lens. This process was performed for all treatments and 
was related to the highest radish yield. The Formula 
4 is detailed below.

 
.

NeDe
Al

	 (4)

where: De = Density of stomata; Ne = Number of stomata; 
Al. = Lens area (0.3228 mm2).

2.10. Data collection techniques

For the collection of data on the physical characteristics 
of radish, such as total length of the plant, weight of a 
plant, equatorial diameter of the bulb and commercial 
yield, observation techniques and statistical methods 
were used for data processing, which determined reliable 
results. According to Argüelles-Pascual et al. (2021), they 
mention that in the statistical method a series of steps 
are carried out in order to obtain reliable results of the 
subject under investigation and thus avoid obtaining 
erroneous conclusions. As for the instruments, precision 
materials such as digital balance, ruler and vernier 
were used. In addition, in the biological analysis, the 
Quanta model scanning electron microscope was used 
to determine the density of stomata and in the chemical 
analysis, materials from the INIA - Huaral laboratory and 
AGQ Perú SAC were used.

Table 3. Total to available nitrogen conversion factor in ppm in 
ratio (C/N).

Margin C/N ratio
Conversion factor from 
total nitrogen (T.N.) in 

percent, to nitrogen in ppm.

Greater than 12 11.2

10 to 12 140

Less than 12 225

Source: Kass (1998).

Table 4. Macronutrient recommendation for radish cultivation.

Nutrients (kg/ha)

N P2O5 K2O

180 80 60

Source: INIA (2023b).

Table 5. Results of the chemical analysis of the compost.

ID 
Sample

pH
E.C.  

mS/cm
Humidity 

(%)
O.M. 
(%)

N  
(%)

P2O5  
(%)

K2O  
(%)

CaO 
(%)

MgO 
(%)

C/N

Compost 8.14 3.56 6.45 53.56 2.73 3.02 3.69 8.93 1.11 11.38

Source: INIA (2023c).

Table 6. Total nitrogen contribution of radish yield.

Treatment
Compost dosage 

(t/ha)

Amount of 
nitrogen in soil 

(kg/ha)

Amount of 
nitrogen in 

compost (kg/ha)

Total nitrogen 
input

(kg/ha)

Commercial  
yield (t/ha)

T1 0 27.44 0 27.44 15.460

T2 4 27.44 109.2 136.64 19.187

T3 6 27.44 163.8 191.24 20.013

T4 8 27.44 218.4 245.84 21.947

T5 10 27.44 273.0 300.44 22.530

Note: Compost has 2.73% nitrogen (Table 5). Projected at 10 t/ha it has 273 kg/ha of nitrogen.
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2.11. Methodological techniques for soil nutrient 
determination

A soil sample was taken to the laboratory of INIA - 
Huaral. There, techniques were used to determine pH using 
method 9045D for soils and residues. For organic matter, 
Walkley and Black’s AS-07 method was used. Nitrogen (N) 
was calculated from the data obtained for organic matter. 
Phosphorus (P) was calculated using the method of Olsen and 
collaborators. Potassium (K) was determined using Calcium 
Carbonate determination techniques (Method AS-29 acid 
neutralization) and for the Exchangeable Cations (Ca, Mg, 
Na, K) the Cation Exchange Capacity and the Exchangeable 
Bases of the soil were determined with ammonium acetate.

2.12. Procedures

Compost was made from 60 kg of dry pea grass and 
40 kg of cattle guano and covered with a blanket. This 
material was then removed with a lampa and at that time 
4 to 5 liters of water were added each week. This process 
continued for a period of 120 days or 4 months, until the 
compost reached a fluffy condition, dark in color and 
without unpleasant odor.

After soil preparation in the conventional way or as done 
by farmers in the area of the Supe Puerto district, province 
of Barranca, Lima, soil samples were taken using the zigzag 
technique at a depth of 0.25 meters. Subsequently, the 
samples were piled and removed and finally 1 kg of soil 
was extracted and taken to the INIA-Huaral laboratory.

Continuously after setting up and implementing the 
experiment area, the statistical model of Completely 
Randomized Block Design was employed, which consisted 
of 3 blocks and 5 treatments. The treatment area is stated 
to be 1.6 m long, 1 m wide and comprises 2 twin furrows 
at 0.5 m distance.

Then, radish seeds were broadcast sown on October 
14, 2023. After 7 days, the plants were removed, leaving 
a distance of 0.10 meters between each plant and 14 days 
after sowing, the dose of compost based on vegetable waste 
(peas) was applied once, as shown in Table 1.

Evaluations were conducted until harvest, which was on 
November 14, 2023. During this period, data were collected 
on radish physical characteristics such as plant length, plant 
weight, bulb equatorial diameter and marketable yield.

Once these data were obtained, they were processed by 
analysis of variance and Duncan’s test, which determined 
if there was a dose effect and which treatment stood out 
in comparison with the others.

Subsequently, 200 g of leaf samples were taken from 
each treatment and taken to the AGQ Peru SAC laboratory, 

where the concentration of nutrients that influenced yield 
was determined. The stomata were also observed using a 
Quanta scanning electron microscope and stomata density 
was quantified.

Finally, yield and cost projections were made for 
each treatment per hectare. This resulted in the cost of 
production and the commercial yield. The commercial 
yield was multiplied by the value of the price per unit of 
radish, which resulted in the total income. This amount was 
then subtracted from the cost of production to obtain the 
profit. With these values the profitability was determined, 
for which the following Formula 5 was applied.

. *100UP
Cp

= 	 (5)

where: P.: Profitability; U.: Utility; C.P.: Cost of production.

3. Results

3.1. Soil analysis of the experiment area and 
recommendation

The results of the soil analysis determined that the pH 
is medium alkaline and high in phosphorus and potassium, 
but low in organic matter and nitrogen, according to the 
margins established by Prialé (2016). As for the Cation 
Exchange Capacity (CEC) is low, the exchangeable elements 
present medium concentration of calcium, magnesium 
and sodium, but high in potassium according to the values 
of McKean (1993). Therefore, the soil analysis indicates 
that this soil is suitable for planting radish; however, it is 
necessary to incorporate organic matter to improve soil 
properties and, therefore, increase yields (See Table  2) 
(INIA, 2023a).

After the soil analysis, the fertilization recommendation 
of 180 kg/ha of nitrogen necessary for the production of the 
radish crop was determined (See Table 4) (INIA, 2023b). 
In addition, it is important to mention that this amount 
of nitrogen was taken into account when establishing the 
standard dose of compost.

3.2. Concentration of nutrients in compost

The compost analyzed in the laboratory of INIA - 
Huaral, detailed in Table 5 (INIA, 2023c), showed a low 
concentration of organic matter, nitrogen, phosphorus 
and potassium. However, the carbon/nitrogen ratio has 
a value of 13.8. This result means that the compost has 
an adequate concentration of nutrients and C/N ratio, 

Table 7. Stomata density in radish leaves by treatment.

T1 T2 T3 T4 T5

Number of stomata (0.3228 mm2, lens area) 60 132 153 172 193

Stomatal density (number of stomata/mm2) 185.9 408.9 474.0 532.8 597.9

Stomatal index % 37.50 40.00 44.09 48.45 52.73

Number of cells (0.3228 mm2) 160.0 330.0 347.0 355.0 366.0

Note: Projected lens area is equivalent to 0.3228 mm2.
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which means that the compost is mature and within the 
appropriate parameters. According to Iglesias Jiménez and 
Perez Garcia (1989), they mention that the optimum value 
for a mature compost varies in the C/N ratio from 11 to 
13 and should have the necessary conditions of darkness 
to ensure a good homogenization of the material.

In relation to the analysis of microelements of the compost 
detailed in Table 8 (INIA, 2023d), it is observed that it presents 
high concentration of iron, zinc and copper compared to 
the study conducted by Toledo (2016), which states that 
the levels of suitable elements, such as iron, are between 
56 and 112 ppm, copper and zinc between 1.7 and 3.4 ppm.

3.3. Physical characteristics of radish

After the statistical analysis, it was determined that in 
the physical characteristics of the radish, T5 with 10 t/ha 
stood out; however, statistically there was no significance. 
Therefore, it is interpreted that the higher the dose of 
compost, there was no effect of compost dose, but it 
stood out in yield and quality with respect to the other 
treatments (See Table 9).

3.4. Total nitrogen input per treatment

With respect to the total nitrogen contribution detailed 
in Table 6, it is indicated that the highest dose of compost, 
which is T5 with 10 t/ha, contributed the greatest amount 
of nitrogen with 300.44 kg/ha. Therefore, it is interpreted 
that at this amount of nitrogen, there was greater nutritional 
availability, which influenced the higher yield in relation 
to the other treatments.

3.5. Nutrient concentration of radish leaves

Analyzing the chemical characteristics in the radish 
leaves, it was determined that T3 stood out in most of the 

elements, such as nitrogen, potassium, phosphorus and 
magnesium. However, these amounts did not influence 
yield. Therefore, it is interpreted that T5, which has adequate 
concentration of nutrients such as magnesium, manganese 
and zinc according to the values of Legua Cárdenas et al. 
(2023), had higher yield and better bulb quality (See 
Table 10) (AGQ Peru SAC, 2023).

3.6. Quantification of stomata by treatment

Regarding the biological analysis, specifically the density 
of stomata, it was determined that T5, with 598 stomata/
mm2, differed by 69% with respect to T1 with 186 stomata/
mm2. This result is interpreted that increasing the doses of 
compost based on plant residues influenced the increase 
in stomata and, at the same time, the optimal biochemical 
reactions, which resulted in higher yields compared to the 
other treatments (See Table 7 and Figure 1).

3.7. Economic profitability analysis

Regarding the profitability analysis, it was determined 
that T5, with 186.8%, differs by 18.09% with respect to T1, 
which has 153%. These results can be interpreted as follows: 
the highest dose (10 t/ha of compost) obtained 18% more 
compared to the control and a profit of 87% more than that 
invested, which indicates that it is profitable (See Table 11).

4. Discussion

4.1. Physical characteristics of radish

By analyzing the physical characteristics data using 
analysis of variance and Duncan’s test, it was determined 
that dose had no effect. However, the T5 treatment was 
superior in total plant length, plant weight, equatorial bulb 

Table 8. Analysis of microelements in the compost.

Items Fe Zn Cu Mn

Quantity (mg kg-1) 692.0 93.50 12.50 265.0

Note: (mg kg-1) equal to ppm (Parts per million).
Source: INIA (2023d).

Table 9. Physical characteristics of radish according to the compost doses.

Treatment
Compost dosage 

(t/ha)
Total plant 
length (cm)

Weight of a  
plant (g)

Equatorial bulb 
diameter (cm)

Commercial  
yield (t/ha)

T5 10 28.077 a 75.00 a 4.52 a 22.530 a

T4 8 27.220 a 70.88 a 4.30 a 21.947 a

T3 6 26.740 a 67.00 a 4.22 a 20.013 a

T2 4 26.380 a 57.25 a 3.84 a 19.187 a

T1 0 25.893 a 55.83 a 3.80 a 15.460 a

Variation coefficient (%) 10.69 29.97 11.92 36.38

Significance N.S. N.S. N.S. N.S.

Note: (S) means significance, (N. S.) non-significance and (a) score obtained by Duncan’s test. When the letters are the same, they represent 
homogeneity. 
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diameter and commercial yield of radish (See Table 9). 
It was determined that higher compost doses contributed 
more nutrients such as N, P, K and microelements to the 
soil, increasing their availability for plant absorption. This 
resulted in favorable responses in bulb development, 
yield and quality. These results are coincident with the 
research by Cruz Nieto et al. (2022), who determined that, 
at appropriate doses, T4 with 8 t/ha of compost based of 
market residues increased nutrient concentration and 
stomatal density in plant leaves, resulting in a higher 
yield of 10.82 t/ha of radish, a 20.51% increase compared 
to T1 with 8.60 t/ha.

4.2. Total nitrogen input in relation to yield

Regarding the total nitrogen supply per treatment 
indicated in Table 6, it was determined that at the highest 

dose (T5), 300.44 kg of nitrogen were available, and that 
this amount influenced the highest radish yield with 
22.530 t/ha. Therefore, it is analyzed that the higher the 
dose of compost incorporated into the soil, the greater the 
availability of nitrogen and other elements in the soil, and 
this amount favored greater absorption by the plant, which 
influenced the good development and strengthening against 
environmental stress and pests, obtaining higher yields 
and bulb quality. This analysis is supported by Castañeda 
Chirre et al. (2022), who determined that the concentration 
of total nitrogen stood out in T5, with 194.44 kg/ha of total 
nitrogen use, obtaining a higher radish yield of 12.051 t/ha.

4.3. Nutrient concentrations in radish leaves

In relation to the chemical analysis of the radish leaves 
detailed in Table  10, it was specified that T3 stood out 

Table 11. Profitability and cost-benefit economic analysis.

Treatment
Compost 

dosage (t/ha)
Commercial 
yield (kg/ha)

Unit 
value ($)

Total 
income ($)

Cost of 
production ($)

Utility 
($)

Profitability 
(%)

T1 0 15460 0.32 4973.73 1965.7 3008.02 153.0

T2 4 19187 0.32 6172.76 2306.1 3866.68 167.7

T3 6 20013 0.32 6438.50 2355.6 4082.87 173.3

T4 8 21947 0.32 7060.70 2485.6 4575.09 184.1

T5 10 22530 0.32 7248.26 2527.1 4721.15 186.8

Table 10. Nutrient concentration in radish leaves by treatment.

Items T1 T2 T3 T4 T5

Normal range ​​
according to Legua 

Cárdenas et al. (2023)

Macronutrients (%)

Total Nitrogen 4.2 4.0 4.2 4.0 3.8 4.75-5.50

Potassium 1.21 1.10 1.23 1.15 1.14 2.00-6.00

Phosphorus 0.264 0.261 0.268 0.242 0.250 0.45-1.10

Calcium 4.73 5.11 4.77 4.86 5.03 0.50-1.50

Magnesium 0.565 0.539 0.562 0.656 0.608 0.25-1.00

Sulfur 0.62 0.68 0.75 0.63 0.59

Micronutrients (mg kg-1)

Molybdenum 3.26 2.37 2.39 2.85 2.29

Iron 223 191 206 195 158 60-140

Manganese 155 161 142 171 168 26-360

Copper 6.22 5.23 5.97 6.39 4.68 5.00-15.0

Zinc 66.2 54.5 62.4 65.9 58.9 10.0-80.0

Boron 48.9 48.5 48.9 50.0 46.7

Phytotoxic elements (%)

Chlorides 4.29 4.75 4.87 4.30 4.29

Sodium 1.40 1.62 1.36 1.50 1.64

Source: AGQ Perú SAC (2023).
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in most of the elements, such as nitrogen, potassium, 
phosphorus and magnesium. However, these amounts of 
these elements did not influence yield, since T5 excelled 
with 22.530 t/ha of radish. Therefore, it is analyzed that 
T5, which has an adequate concentration of nutrients 
such as magnesium, manganese and zinc according to 
the values of Legua Cárdenas et al. (2023), had response 
in good development and strengthening, which resulted 
with higher yield and bulb quality. The increase in calcium 
and magnesium, which influenced the decrease in 
potassium, is also noteworthy. In this regard, Torri (2005) 
mentions that as the leaf matures, an increase in Ca and 
Mg is observed and a reduction in the concentration of N 
and P. This is due to the fact that in the bulb filling stage, 
calcium concentration accumulates and K concentration 
decreases (it intervenes in carbohydrate and protein 
metabolism processes). Rodríguez and Flórez (2004) 

mention that calcium (Ca2+) forms calcium pectates that 
provide consistency and a certain degree of rigidity to the 
cell wall and in the cell walls protect the tissues against 
fungal attack.

4.4. Quantification of stomata per treatment

Regarding the quantification of stomata per treatment 
detailed in Table 7 and Figure 1, it was determined that 
T5 with 597.9 stomata/mm2 stood out with respect to the 
other treatments. This result analyzes that by increasing 
the doses of compost based on plant residues, nutrients 
were added to the soil such as N, P, K and other elements 
that promoted the increase of stomata and that this amount 
optimized the function of gas exchange, evapotranspiration 
and other reactions. The aforementioned is supported by 
Fernandez et al. (2015) mention that stomata are pores 
surrounded by two guard cells that regulate their opening 

Figure 1. Micrograph of stomata of radish leaves by treatment.
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and closing; they are present in high densities in leaves 
and are responsible for the control of gas exchange and 
transpiration of the plant. Li et al. (2022) stomata play 
important roles in gas and water exchange in leaves. 
It should also be noted that at this dose, nutrients such as 
K were added, which at this concentration was involved 
in important biochemical functions such as gas exchange, 
evapotranspiration and other biochemical reactions for 
carbohydrate formation, thus obtaining higher yields. 
Larriva (2006) mentions that potassium accumulates 
early in the growth period and then is distributed to 
intervene in photosynthesis, regulating the opening of 
the stomata, allowing the assimilation of CO2 and the 
exit of O2, maintaining a good water ratio in the plant by 
reducing evapotranspiration.

4.5. Economic profitability analysis

Regarding the economic analysis of profitability, 
detailed in Table 11, it is highlighted that T5, with 186.8%, 
differs by 18.09% with respect to T1, which has 153%. 
Therefore, it is analyzed that at a higher dose (10 t/ha of 
compost), a greater gain of 18% was obtained compared 
to the control and 87% more of what was invested. This 
result is favorable for farmers when planting radishes in 
the district of Supe Puerto.

5. Conclusion

It was concluded that the highest dose, which is T5 with 
10 t/ha of compost based on vegetable residues, stood out in 
commercial yield with 22.53 t/ha, which differed by 31.38% 
in relation to T1 with 15.46 t/ha of radish. Therefore, this 
result shows that by applying this amount of compost to 
the soil, nutrients were added, which resulted in adequate 
nutrient concentrations and higher density of stomata in 
leaves. This influenced the optimal biochemical reactions, 
resulting in good development, strengthening and, 
therefore, higher yield and quality of the bulb.

It was also noted that in the chemical analysis of radish 
leaves, T3 stood out with nitrogen, potassium, phosphorus 
and magnesium. However, T5 with adequate concentrations 
of magnesium, manganese and zinc obtained higher radish 
yields. Therefore, these concentrations of nutrients in leaves 
optimized the formation, translocation of carbohydrates 
and other biochemical reactions that resulted in higher 
yield and bulb quality.

Finally, in the analysis of stomata, it was determined 
that the higher the compost dose, which is T5, the higher 
the density with 598 stomata/mm2. Therefore, this quantity 
is established as an indicator that influenced the optimal 
reactions of evapotranspiration, formation, translocation 
of carbohydrates and other biochemical reactions that had 
a response in the good development, strengthening and, 
therefore, higher yield and quality of radish bulb.
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