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Introduction
Sesame (Sesamum indicum L.) is native to India and Africa.1 It 

was introduced in the Americas through the slave trade, where slaves 
used the seeds as a condiment. Sesame seeds are known for their high 
oil content, accounting for between 50 and 60% of their weight2 and 
are rich in calcium, phosphorus, iron, and vitamins such as thiamine, 
riboflavin, and niacin.3

Sesame seed-producing countries include India, China, and 
Mexico. In Mexico, a total of 62,466 hectares are dedicated to sesame 
production, with an average yield of 0.74 t ha-1. The states with the 
largest area and yields are Sinaloa, Guerrero, and Michoacán, with 
25,252, 15,484, and 9,846 ha respectively, and yields of 0.74, 0.84, 
and 0.58 t ha-1, respectively.4 Guerrero ranks second in cultivated 
area and first in yield compared to Sinaloa and Michoacán. Within 
Guerrero, the districts with outstanding sesame yields are Las Vigas 
and Altamirano, with 0.84 t ha-1 and 0.93 t ha-1,5 respectively. This 
suggests that the Tierra Caliente and Costa Chica agroecosystems 
have favorable soils and climates for the development and production 
of sesame. However, in recent years, drought has become the most 
limiting factor due to erratic rainfall patterns that are increasingly 
frequent and prolonged,6 as along with atypical rainfall evens. 
While sesame crops are resistant to dry periods, water stress during 
the flowering and pollination phases can damage pollen, negatively 
affecting seed yield and quality.

In sesame production systems productivity refers to the output 
per unit of surface area; profitability is determined by the difference 
between the value of the product and the cost of production 
Sustainability on the other hand, pretains to the long-term impact on 
the resources involved. 

Agroecosystems have depleted their nutrients reserves due to 
various processes, including erosive processes and nutrient extraction 
by plants.7 Chemical fertilizers are rapidly assimilated and induce fast 
growth in plants; however, there have several disadvantages, include 
high production costs, non-renewable natural resources, and pollution 
of the soil, water bodies, and atmosphere.8

The management of fertilizer sources, application rates, timing, 
and placement is often deficient, resulting in nitrogen losses through 
multiple environmental processes influenced by precipitation and 
temperature, as well as soil-related factors such as physical, chemical, 
and biological properties. Additionally, crop residues from previous 
harvests9 such as, the incorporation maize stubble, which is rich in 
carbon and low in nitrogen (high C:N ratio), can immobilize nitrogen 
during decomposition. Moreover, agroecosystems are degraded, 
which contributes to the proliferation of pests and diseases. To combat 
these, large quantities of pesticides are used, many of which are highly 
toxic.10

Therefore, given the negative impacts of conventional agriculture 
that altered agroecosystems, we are moving towards agroecological 
production, which is more environmentally friendly. Its benefits include 
“organic agriculture combines tradition, innovation and science to 
benefit the common environment and promotes fair relationships and 
a good quality of life for all those involved”.11 Biological sources such 
as biofertilizers are sought. They are low-cost, use renewable natural 
resources, easy to transport, produce negligible pollution. improve soil 
organic matter content, contribute to the production of plant biomass 
to obtain “clean energy”. Currently, there is a global trend in the 
production of free agrochemicals.1 With the use and management of 
organic fertilizers, manures, green manures, leachates, biofertilizers 
and biostimulants, among others, which replaces chemical fertilizers 
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Summary

This study evalutated the effects of mineral and agroecological fertilization on the growth 
and yield traits of six sesame (Sesamum indicum L.) genotypes in Iguala, Guerrero, 
Mexico. The experimental design used a split-plot design with the large plots or blocks 
representing the type of mineral and organic input and the small plots representing the six 
sesame genotypes Criolla Mezón, Negro Paraguay, Vara Verde, Tres Huesillos, Calentana 
and Canasta. The plots were randomly assigned within each block; the evaluation was 
conducted with four replications. The experimental units consisted of three 4 m long 
furrows, with the useful area being 2 m from the central furrow, excluding 1 m from both 
ends and the bank furrows. The distance between rows was 0.75 m and plants were spaced 
0.1 m apart. Ten plants were evaluated from the central furrow per genotype. The study 
measured the following variables: number of branches, number of capsules, seed weight 
and 100-seed weight. Analysis of variance (ANOVA) was conducted using SAS, Version 
9.0 and the separation of means with Tukey’s test (P ≤ 0.05). The results showed non-
significant statistical differences for the effect of mineral or agroecological fertilization. 
However, the averages in number of branches, number of capsules, seed weight and 100-
seed weight were statistically different, with R2 of 78%, 72%, 65% and 59%, respectively. 
The variability observed in the genotypes is attributed to the contribution of mycorrhizae, 
which may have influenced the total number of branches, capsules, seed weight and 100-
seed weight.
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to gradually transiting to hybrid agriculture. Various biostimulants and 
other beneficial molecules for crops have been evaluated in different 
areas.8 The artisanal products evaluated in sesame (S. indicum) in 
growth and yield were two bioles and chemical fertilization that 
produced significant yields and surpassed the bioles and control,1 in 
other crops such as poblano pepper, doses 120N - 60P2O5 - 120K2O, 
80N -40P2O5 - 80K2O and 40N - 20P2O5 - 40K2O were evaluated 
mixed with commercial organic fertilizers including sheep and cattle 
manure with levels of 5, 10 and 15 t ha-1, it was determined that the 
best response was with the mixture of 15 t ha-1 and 80-40-80 with a 
yield of 35.5 t ha-1 of green fruit. It was concluded that a high level of 
sheep manure and chemical fertilizer media provided better yields,12 in 
corn (Zea Mays) it was compared the response of chemical fertilizers 
and organic fertilizers such as Yara, ecological, organic, chemical and 
control, Yara provided greater leaf cover, photosynthetic capacity and 
therefore, better yields.13

Materials and Methods
The experiment was established on an agricultural plot in the 

community of Zacacoyuca, in the municipality of Iguala de la 
Independencia, Guerrero, with geographic coordinates between 18° 
15’34” N and 99° 35’19” W, at 902 meters above sea level. The 
climate is a dry tropical climate,14 with summer rainfall of 939 mm, 
high evaporation of 2,393 mm, and an average annual temperature 
of 25.9 °C.15 Data from the Tepecuacuilco meteorological station 
in Guerrero indicate a temperature of 25.32 °C and precipitation of 
659.51 mm in 2021, indicating low precipitation and intra-summer 
drought. The parent material is sedimentary; it is a hilly area 
associated with undulations and small intermittent streams. The soil is 
reported to be eutric Regosol, with a loamy-clay texture, pH ~8.0, and 
moderate organic matter content. The vegetation consists of annual 
crops such as corn and sorghum, as well as weeds.

The experimental design was in split-plots with a factorial 
arrangement (Figure 1). The large plot consisted of factor A: mineral 
(A1) and organic (A2) input; factor B (six sesame genotypes) or 
subplots, randomly distributed within each large plot or block. The 
experiment consisted of four replications. Each subplot had three rows 
of 4 m in length, with a distance between rows of 0.75 m and a distance 
between plants of 0.10 m. The genotypes evaluated were: Criollo 
Mesón, Negro Paraguay, Vara Verde, Tres Huesillos, Calentana, and 
Canasta. Sowing was done manually, and the seed was distributed in a 
stream at a depth of 0.02 m. When the plant reached 0.10 m in height, 
thinning was performed, leaving one plant at a distance of 0.10 m. The 
population density was 133,333 plants per hectare. The useful plot 
was the 2-m-long central furrow, 1 m was removed on both sides and 
the edge furrows. The useful plot consisted of 21 plants, from which 
10 plants were pre-tagged and monitored for the study variables.

Figure 1 Spatial distribution of the genotypes according to the experimental 
design, Tepecoacuilco de Trujano, Guerrero, Mexico.

CM, criollo mesón; NP, negra paraguay; VV, vara verde; tres huesillo; CL, 
calentana; y CN, canasta

Mineral input: The dose was 65-40-00 NPK, the nitrogen source 
was from (NH4)2SO4, divided into two parts: the first was applied 15 
days and the second 30 days after germination. The first application 
was 0.49 g/plant, and the experimental unit received 58.50 g. The 
phosphorus source was calcium superphosphate (Ca (H2PO4), with 
0.30 g/plant of P2O5 and 36.0 g of phosphorus applied per experimental 
plot. In addition, foliage was sprayed with cytokinins as a growth and 
biosynthesis regulator at a rate of 1 mL L-1 in water, applied once a 
week.

The agrochemical fertilizer was previously prepared with 
cruciferous residues and organic kitchen waste. It was mineralized 
until humified, then sieved to obtain humus, which was applied in 
a stream at a rate of 0.150 kg per linear furrow. Therefore, in 4 m, 
the amount was 0.600 kg per experimental plot, equivalent to 5 t 
ha-1 of humus. Bioestymux® was also applied via foliar application. 
This organic biostimulant enhances plant genetics. The product’s 
percentage composition is as follows: free amino acids (10%), 
proteins, peptides, polypeptides, glucosamine and chitosan (15%), 
and a carrier formula (75%). It was applied at a rate of 1 mL L-1 

in water and is ideal for controlling water stress in rainfed crops. 
Amioextym Xtra, with the following composition: free amino acids 
(20%), N (17.70%), Fe (1.26%), Mn (0.76%), Zn (0.62%), and OM 
(38.90%), is a source of micronutrients.

The variables examined in the study by genotype include the 
number of branches, number of capsules, seed weight, and weight 
of 100 seeds. From each genotype, 10 plants were harvested per 
replicate, from which the seeds were obtained. They were cleaned 
with a 0.2 mm diameter sieve. Healthy seeds were collected, free of 
external physical defects and pest damage. They were then weighed 
on a digital scale with two decimal places (Ohaus Analitycal Plus 0.1 
mg®).

Statistical analysis of the study variables was performed using 
SAS (Statistical Analysis Software version 9.0) for variance and 
comparison of means using the Tukey test between chemical and 
organic fertilization by genotype and the interaction between 
genotypes.

Results
The variables analyzed were number of branches, number of 

capsules, seed weight, and 100-seed weight of sesame, as described 
below.

Table 1 reports the analysis of variance. The statistical differences 
in number of branches and capsules were highly significant, with R2 of 
78% and 72%, respectively, while the differences in 100-seed weight 
and seed weight were significant, at 59% and 65%, respectively. 
Therefore, the variability of the genotypes is a function of chemical 
and agroecological fertilization (Table 1), indicating that at least one 
genotype is different (Table 2).

Table 1 Analysis of variance of chemical and organic fertilization in six sesame 
genotypes (Sesamun indicum, L.), Iguala de la Independencia, Guerrero, Mexico. 
2023.

Variables R2 CV
Genotypes
(Pr > F)

Number of branches 0.785 27.29 <0.0001**
Number of capsules per plant 0.725 27.23 <0.0001**
Weight of 100 seeds 0.589 13.74 0.0126*
Seed yield 0.653 36.36 <0.0020*

*significant and ** highly significant
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Table 2 Effect on response variables to chemical and organic fertilization 
(Tukey α 05) in six genotypes of sesame (S. indicum), Iguala de la Independencia, 
Guerrero, Mexico. 2023.

Genotypes

Honest Significant Difference (HSD)

Branches Capsules 
Seed weight Weight of 

100 seeds

(No.)                	 (No.) (g)	                         (g)
Criollo Mesón 1.00 b 28.63 ab 0.36 ab 4.63 ab
Negra Paraguay 3.13 a 22.25 bc 0.34 ab 2.75 cb
Vara Verde 3.25 a 23.75 bc 0.30 ab 4.25 ab
Tres Huesillo 1.50 b 16.88 c 0.29 b 1.88 c
Calentana 2.00 b 38.50 a 0.38 a 6.25 a
Canasta 1.75 b 25.63 ab 0.38 a 4.25 ab

In Table 2, the Tukey test α=0.05 is reported, where it is shown that 
the number of branches of Vara Verde and Negra Paraguay showed the 
highest number of branches with statistically significant differences (α 
= 0.05) of 3.25 and 3.13, respectively, compared to the Criolla Mesón 
without branches (1.0). In capsules per plant, Calentana stood out 
with statistically significant differences (α = 0.05) of 38.5, followed 
by Criolla Mesón with 28.63 and Tres Huesillos with 16.88. Negra 
Paraguay, on average, contributed 3.13 branches per plant, similar to 
the data recorded in the southern region of Paraguay at a planting 
density of 50,000 plants ha-1,16 but with more than 100,000 plants per 
hectare, the plant does not branch. The same source reports an average 
of 53.04 capsules per plant in that region, while under the conditions of 
Iguala, Guerrero, the average was 22.25 capsules per plant, equivalent 
to 58.1% fewer capsules than in its country of origin (and In weight 
of 100 seeds, Calentana stood out with 6.25 g, followed by Criollo 
Mesón with 4.63 g, and the one that registered the lowest weight was 
Tres Huesillo with 1.88 g. In seed weight, Calentana and Canasta 
registered 0.38 g, respectively, and Tres Huesillos with 0.29 g.

Discussion
Conventional food production requires large amounts of chemical 

fertilizers17 with environmental impacts including greenhouse gas 
emissions, eutrophication, and biodiversity loss.18 Synthetic fertilizers 
can solve crop nutrition problems, increasing per unit yields, although 
they led to high economic, environmental, and social costs.8,19 They 
remain preferred by farmers for food production.9 More than 70% 
of agricultural land devoted to corn is subject to nitrogen fertilizers, 
and Guerrero is no exception, with nitrogen fertilizers being used 
throughout the state. In February 2025, the federal government will 
support producers with 150 kg of urea and 150 kg of diammonium 
phosphate. However, due to poor management of these agrochemicals, 
they are frequently lost through volatilization and erosion,7 with 
consequent contamination of the environment9 and water bodies.

Boza,11 discusses that among the advantages of biofertilizers are 
their low cost, use of renewable natural resources, the small quantities 
required for seed inoculation, easy transport, and the fact that they do 
not pollute the soil.1 It is important to mention that bio-stimulants, 
bioles, and organic fertilizers promote metabolic and nutritional 
processes, being efficient in stimulating growth and development as 
well as inducing tolerance to abiotic and biotic stress.20 In this regard, 
Zarate, Olviedo, and González21 reported that humic substances 
contributed to an increase in the number of capsules per plant and 
sesame yield, however, they require evaluations to demonstrate 
consistent results.8

Mexico has positioned itself globally as a promoter of 
agroecological transition agriculture in the agricultural sector, to 

produce food free from synthetic chemical inputs. For this purpose, 
manures are used that improve the physical, chemical, and biological 
properties of the soil. González-Betancourt et al.,22 evaluated the 
effect of solarization of bovine manure, which contributed to soil 
sustainability. Núñez-Vázquez, Delgado-Acosta, and López-Padrón,23 
reported that bioinputs improve soil and plant quality, making them 
valuable allies in the agroecological transition, particularly through 
the reduction in the use of synthetic fertilizers. For their part, chemical 
fertilizers have high costs and volatile prices, while bioinputs are low 
cost and, above all, reduce greenhouse gas emissions, water and soil 
pollution, increase biodiversity and resistance of agricultural systems 
to climate change. 

Biostimulants are an alternative because they are beneficial to 
plants, providing nutrients and substances such as proteins, amino 
acids, humic and fulvic acids, growth regulators.24 Héctor-Ardisan 
et al.8 evaluated artisanal biofertilizer, obtaining a 78.67% yield with 
NPK, higher than that recorded in untreated soil (22.48%). Its use is 
possible as an environmentally friendly alternative, but they suggest 
evaluating other doses of this product. The application of biostimulants 
based on Spirulina and vinasse stimulated the productivity of common 
bean (Phaseolus vulgaris), with more prominent results observed 
when combined with Quitomax® and Azofert®.23 This procedure may 
represent an efficient alternative to increase the yield of this crop.

Tlelo-Cuautle et al.12 reported that chili yield was highest when 
sheep manure was applied at a rate of 15 t ha⁻¹ in combination with 
chemical fertilizer at a rate of 80N–40P–80K, resulting in a green 
fruit yield (35.5 t ha⁻¹), plant height (74 cm), nomber of fruits per 
plant (22 fruits), and a fresh fruit weight (86.52 g). In contrast, the 
use of the commercial organic fertilizer Solep® at 5 t ha⁻¹ combined 
with the 80N–40P–80K formula resulted in lower performance (14 t 
ha⁻¹ of fresh fruit), plant height (50 cm), nomber of fruits per plant 
(9 fruits), and a lower fruit weight (65.13 g). In sesame cultivars, an 
agroecological alternative is seed inoculation with Glomus spp. and 
Azospirillum at 20 to 25 mL or 40 to 60 g per kg of seed.25 Mineral 
fertilization with an NPK ratio of 65–40–00 resulted in the number 
of branches, capsules per plant, 100-seed weight, and seed yield with 
R² values of 0.785**, 0.725**, 0.589*, and 0.653*, respectively, 
all statistically significant or highly significant. This is consistent 
with the findings of Díaz-Mederos,26 who reported that in sesame-
producing regions, low doses of NPK increased yield, while high 
levels of nitrogen (100 kg) and phosphorus (80 kg) resulted in mutual 
inhibition between N and P.

Conclusion
This research on sesame cultivation (Sesamum indicum L.) 

concludes that both mineral and agroecological fertilization yielded 
similar results in soils classified as Calcisols according to the IUSS-
WRB27 and under Awo climate conditions. The Negra Paraguay and 
Vara Verde seed genotypes produced a higher number of branches, 
while Criollo Meson, Vara Verde, Calentana, and Canasta showed no 
significant differences compared to the other varieties. However, the 
Calentana variety had the highest number of capsules and seed yield, 
outperforming all other genotypes. Therefore, mineral fertilization 
should be replaced by agroecological practices due to their social, 
economic, and environmental benefits; consequently, in a transitional 
agroecological production, synthetic fertilizers will gradually replace 
organic fertilizers and biostimulants in sesame cultivars. 
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