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Effect of poultry manure on germination and biometrics of H. sabdariffa in Loreto, Peru
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ABSTRACT

The objective of this study was to evaluate the effect of different doses of poultry manure (5, 5.5, 6.5 and 7.5 kg/m?)
on agronomic parameters such as germination, number of flowers, yield per plant, height, stem diameter, number
of shoots and number of leaves, under the agroclimatic conditions of the Loreto region, Peru. The experiment
was developed using a completely randomized block design, using seeds from the forest nursery of the Instituto
de Educacion Superior Tecnologico Piblico El Milagro. The results revealed that the dose of 7.5 kg/m? of poultry
manure significantly favored germination (87%), as well as a consistent increase in plant height, stem diameter and
number of leaves during the nine evaluations carried out. However, the treatment with 6.5 kg/m? of poultry manure
presented the highest yield per plant (1.28 kg/plant). On the other hand, the highest number of shoots and flowers
was recorded with the 5 kg/m? treatment. The correlations observed indicated significant relationships between
yield and number of flowers (r = 0.80), height and number of leaves (r = 0.74), height and stem diameter (r = 0.87),
as well as between stem diameter and number of leaves (r = 0.77). In conclusion, an application rate of 6.5 kg/
m? of chicken manure is a viable option if our goal is to maximize yield without compromising the physiological
characteristics of the crop in conditions similar to those found in the Loreto region and other regions with similar
soil and climate conditions.

Keywords: tropical crop; organic amendment; hibiscus flower; agricultural yield; Peruvian Amazon.

RESUMEN

Este estudio tuvo como objetivo evaluar el efecto de diferentes dosis de gallinaza (5, 5.5, 6.5 y 7.5 kg/m?) sobre
parametros agronomicos como germinacion, nimero de flores, rendimiento por planta, altura, diametro del
tallo, nimero de brotes y nimero de hojas, bajo las condiciones agroclimaticas de la region de Loreto, Pert. El
experimento se desarrolld empleando un disefio de bloques completamente al azar, utilizando semillas provenientes
del vivero forestal del Instituto de Educacion Superior Tecnologico Publico El Milagro. Los resultados revelaron
que la dosis de 7.5 kg/m?* de gallinaza favoreci6 significativamente la germinacion (87%), asi como un incremento
consistente en la altura de la planta, el didmetro del tallo y el nimero de hojas durante las nueve evaluaciones
realizadas. Sin embargo, el tratamiento con 6.5 kg/m? de gallinaza presentd el mayor rendimiento por planta
(1.28 kg/planta). Por otro lado, la mayor cantidad de brotes y flores se registrd con el tratamiento de 5 kg/m?.
Las correlaciones observadas indicaron relaciones significativas entre rendimiento y numero de flores (r =
0.80), altura y numero de hojas (r = 0.74), altura y diametro del tallo (r = 0.87), asi como entre el diametro del
tallo y el numero de hojas (r = 0.77). En conclusién, una dosis de aplicacion de 6.5 kg/m? de gallinaza es una
opcién viable si nuestro objetivo es maximizar el rendimiento sin comprometer las caracteristicas fisiologicas
del cultivo en condiciones de la region Loreto y otras regiones con condiciones edafoclimaticas similares.

Palabras clave: cultivo tropical, enmienda organica, flor de Jamaica, rendimiento agricola, Amazonia peruana.
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I. INTRODUCTION

In any part of the world, the plant component is an
indispensable element within the ecosystem, due to its
multiple relationships with the fauna and the physical
environment (Correia and Lopes, 2023). Plant
species also stand out for their potential medicinal,
nutritional and agricultural uses, such is the case of
Hibiscus sabdariffa L. (Onyeukwu et al., 2023), a
plant of African origin that successfully adapted in
many regions globally; it enjoys great acceptance for
its edible calyxes and the fiber of its stems that are
used in the pharmaceutical, food, textile and even
papermaking industries (Islam, 2019; Adam et al.,
2021).

In the climate change scenario that we have been
experiencing in recent years, crops such as H.
sabdariffa have aroused the interest of scientists and
producers, not only for their commercial value, but
also for their ability to be integrated into sustainable
and resilient agricultural systems in the face of
different climate change scenarios (Richardson and
Arlotta, 2021). This crop showed an ability to adapt
to soils with low fertility and also showed tolerance to
moderate drought and high temperatures; conditions
increasingly common in many tropical and subtropical
regions (Taghvaei et al., 2022; Bahgat et al., 2023).
All these attributes make this crop a viable option for
diverisifying agricultural production systems under
agroclimatic conditions where other crops present
limitations or are even unable to thrive (Mohamed
et al., 2015; Liu et al., 2021). The incorporation of
H. sabdariffa in agroforestry systems would be
particularly useful for diversifying local biodiversity,
recovering degraded soils and ecosystem services
linked to biodiversity, laying the foundations for
ecological agriculture (Silva-Galicia et al., 2023).

H. sabdariffa also enjoys very good acceptance in
the field of human medicine, as its calyxes contain
high levels of bioactive compounds such as ascorbic
acid, anthocyanins and polyphenols, which endow
these calyxes with antioxidant and antihypertensive
properties (Ilyas et al., 2021). This crop is also

an attractive option from an economic point of

view, as it is short-cycle and has a wide variety of
derived products (Akubueze et al., 2019). However,
knowledge on the agronomic management of this
crop under diverse edaphoclimatic conditions such as
those of Peru is still scarce and needs to be deepened.
In regions such as Cuzco and San Martin, research
has been conducted to evaluate how the variables
of planting density and substrate types influence the
yield of H. sabdariffa (Estrada, 2023; Asenjo, 2023).
Although these studies provide initial results on the
interaction of these factors with crop yield, they
cannot be generalized to other regions of Peru, such
as Loreto, due to the diversity of soil and climatic
conditions and agricultural practices that exist in the
country.

The Loreto region, due to its particular characteristics
of high humidity, high temperatures and soils of
heterogeneous fertility and geology, has been little
explored to install the cultivation of H. sabdariffa, a
crop that could become an economic alternative for
producers in the region since it has short flowering
cycles of four to five months (Dourojeanni, 2013).
However, factors such as substrate quality, availability
of nutrients in the soil and climatic conditions that
could influence germination, biometry and yield of
calyxes are unknown.

Previous studies have shown that organic amendments,
such as poultry manure, improve soil structure,
increase nutrient availability and promote beneficial
microbial activity, which positively impacts plant
growth (Javaid et al., 2021). In tropical conditions,
chicken manure has proven effective in improving
soil fertility and crop productivity. Its high content
of available nutrients, such as nitrogen, phosphorus,
and potassium, promotes crop growth and yield in
tropical regions that lack these nutrients (Cairo-Cairo
et al., 2023; Sani et al., 2024). In addition, chicken
manure improves soil water retention capacity
and soil microorganism activity, key aspects in
counteracting frequent torrential rains and leaching
in tropical regions (Semenov et al., 2023; Liu et al.,
2025). These characteristics make it a promising
fertilizer for sustainable agricultural production in

regions such as Loreto.
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In this sense, the general objective of the research was
to evaluate the germination percentage and biometry
of Hibiscus sabdariffa under different concentrations
of poultry manure in Loreto, Peru, with the purpose
of contributing to good agricultural practices and
with relevant information for agricultural managers,
thus promoting the agricultural sustainability of this
crop in the region.

II. MATERIAL AND METHODS

Location of the study

The experiment was carried out in the forest nursery
of the Instituto de Educacion Superior Tecnologico
Publico El Milagro, located in the district of San
Juan Bautista, Maynas province, Loreto region,

75°00'W
1

Peru. The experimental area is located at coordinates

3°56°14.23” S and 73°22°17.35” W (Figure 1).
During the study period between April and November
2024, warm and humid weather conditions were
recorded in the district of San Juan Bautista, Loreto,
Peru. Maximum temperatures ranged between 30°C
and 36°C, while minimum temperatures remained
between 21°C and 24°C according to the Servicio
Nacional de Meteorologia e Hidrologia del Peru
(2024). Precipitation was frequent and significant
throughout all months, with events of heavy rain,
thunderstorms, fog, and mist. These conditions
were particularly favorable for the phenological
development of H. sabdariffa, especially during its

vegetative and reproductive phases.
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Figure 1. Location of the experimental area.
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Experimental design

The experimental area, measuring 50 m x 40 m, was
delimited and conditioned to implement a completely
randomized block design (CRD), with four treatments
and four blocks, totaling 16 experimental units. Each
experimental unit had dimensions of 5 m x 6 m, with a
space of 2 m between blocks to facilitate management
and evaluations. In each experimental unit, 25
plants were established, distributed with a distance
of 1.2 m between plants and 1 m between rows.
The experimental units were identified by wooden
stakes and colored plastic raffia, assigning a specific
color to each treatment for clear differentiation. The
treatments consisted of the application of different
doses of poultry manure: treatment 1 (5 kg/m?);
treatment 2 (5.5 kg/m?); treatment 3 (6.5 kg/m?) and
treatment 4 (7.5 kg/m?).

The experimental design was aimed at evaluating
the comparative effect of different types of organic
fertilization on the agronomic yield of H. sabdariffa.
An absolute control treatment was not used, since
previous studies under similar agroecological
conditions had already established reference
parameters. This methodological decision allowed
the analysis to focus on the variability between
organic treatments. The experimental design was
aimed at evaluating the comparative effect of different
types of organic fertilization on the agronomic yield
of H. sabdariffa. An absolute control treatment
was not used, since previous studies under similar
agroecological conditions had already established
reference parameters. This methodological decision
allowed the analysis to focus on the variability

between organic treatments.

Plant material

Hibiscus sabdariffa seeds obtained from the forest
nursery of the Instituto de Educacion Superior
Tecnolégico Publico El Milagro were used. A total
of 400 seeds were selected, prioritizing those that
presented characteristics of vigor and visual quality,
such as uniform size, absence of visible damage and
characteristic coloration. The selected seeds had

between 8 and 10 days of storage, discarding those

that did not meet the previously established quality
standards. The seeds were stored in kraft paper bags in
a dry environment at an average temperature of 22°C
and relative humidity of 60% for one month prior to
sowing. This protocol was applied in accordance with
international recommendations for the conservation
of tropical seeds, ensuring their physiological
viability (FAO, 2018).

Land preparation

Prior to the installation of the treatments, a
representative sample of the soil was taken for
physicochemical characterization, which was
analyzed at the Instituto de Cultivos Tropicales
(ICT) Laboratory, accredited under registration
No. LE-229. The analyses determined that the soil
corresponds to a sandy clay loam texture, with
an acid pH of 4.3 and an electrical conductivity of
0.08 dS/cm. The organic matter content was 2.59%,
accompanied by 0.13 ppm nitrogen (N), 14.12 ppm
phosphorus (P), and 54 ppm potassium (K). Other
parameters included a cation exchange capacity of
8.06 cmol/kg, with specific values of 0.96 cmol/kg
calcium (Ca), 0.27 cmol/kg magnesium (Mg), 0.14
cmol/kg potassium (K), 0.10 cmol/kg sodium (Na),
and 5.40 cmol/kg aluminum (Al). Likewise, a base
saturation of 18.16% and an aluminum saturation of
78.66% were recorded. Regarding the presence of
heavy metals, the results revealed concentrations of
0.49 ppm cadmium (Cd), 28.50 ppm chromium (Cr),
7.32 ppm lead (Pb), and 2.77 ppm nickel (Ni). Based
on this initial characterization, land preparation work
was carried out, which included clearing and leveling
the experimental area to ensure uniform conditions

for the installation of the treatments.

Composition of poultry manure

The chicken manure was purchased from “Don Pollo”
company, a nearby farm that provided us with 18
m?. The chicken manure used was composted for 45
days, reaching temperatures above 55°C, with weekly
turning. This process allowed for the reduction of
pathogens and the stabilization of nutrients, following
the technical protocol of the National Institute of
Agricultural Innovation (INIA, 2020).
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Similar to the soil analysis, a physicochemical
characterization of the poultry manure sample was
carried out at the Instituto de Cultivos Tropicales
(ICT) laboratory. The results indicated that the
poultry manure had a pH of 8.20 and an electrical
conductivity of 4.05 pS/cm. Its composition included
4.07% organic matter, 1.55% nitrogen (N), 1.58%
phosphorus pentoxide (P,0;), and 1.07% potassium
oxide (K,0). In addition, 1.54% calcium oxide
(Ca0), 0.50% magnesium oxide (MgO), 1.01% sulfur
(S), and 0.14% sodium (Na) were detected. As for
micronutrients, the manure contained 9.15 ppm boron
(B), 100.67 ppm copper (Cu), 1698.29 ppm iron (Fe),
347.77 ppm manganese (Mn), and 236.42 ppm zinc
(Zn). These parameters guaranteed the quality and
nutritional content of the organic material used in the

experimental treatments.

Experimental setup

For the implementation of the treatments, the
previously determined doses of poultry manure
were applied. The seeds were sown at a depth of 3
cm, maintaining a spacing of 1.2 m between plants
and 1 m between rows, in order to ensure adequate

distribution and optimize growth conditions.

Variables evaluated

Fifteen days after sowing, the germination percentage
was evaluated. In subsequent evaluations, plant
biometry was measured, considering variables such
as plant height (cm), stem diameter (cm), number of
shoots and number of leaves. To evaluate floral yield,
the number of flowers and total flower weight per plant
were recorded. Nine plants were randomly selected
from each experimental unit for measurements. In
total, nine evaluations were made during a period of
approximately five months from planting.

Manual weed control was implemented every 10 days
to maintain optimal growing conditions. Harvesting
was carried out when 90% leaf defoliation was

reached, icated the right time for harvesting.

Data analysis
We began by verifying the normality of the data
and the homoscedasticity of the variances using the

Rev. de investig. agroproduccion sustentable 7(1): 27-41, 2025 ISSN: 2520-9760 31

Shapiro-Wilk and Levene tests, respectively. After
confirming compliance with these assumptions, an
analysis of variance followed by Duncan’s test at
95% confidence was applied to identify significant
differences between treatments. These procedures
were  performed using InfoStat/Professional
statistical software version 2018 p (Di Rienzo,
2009). In addition, a Pearson correlation analysis was
performed using the ggplot2 library (Wickham, 2016)
in R software version 4.3.3 (R Core Team, 2024),

with a significance level of 5%.

III. RESULTS AND DISCUSSION

Germination

Figure 2 shows the germination percentages under
four different treatments, with average values and
their respective standard deviations. The results
indicate that treatment 4 (7.5 kg/m? of poultry
manure) achieved the highest germination percentage
(87%), significantly higher than treatment 1 (5 kg/m?
of poultry manure) with 83.25%, while treatments 2

and 3 presented intermediate values.
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Figure 2. Germination of H. sabdariffa by treatment.

The use of organic amendments, such as poultry
manure, has been widely studied for its ability to
improve soil physical, chemical and biological

properties, which in turn positively influences seed
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germination (Luo et al., 2018). In this study, treatment
4 showed the highest germination percentage, which
could be related to an optimal dosage of poultry
manure that promoted an adequate nutrient balance
and an improvement in soil structure, favoring an
ideal environment for initial seedling development
(Abumere et al., 2019). The main nutrient provided
by chicken manure is nitrogen, which plays an
important role during germination, as it is involved
in the synthesis and activation of amylases and
proteases, enzymes that break down starches and
proteins stored in the endosperm of seeds (He et al.,
2013). These enzymes are responsible for converting
complex molecules into simpler compounds that
are used by the growing embryo (Botcha and
Prattipati, 2020). Therefore, in this study, adequate
nitrogen availability may have contributed to faster
and more uniform germination. Similar results
have been reported by Norhayati et al. (2019), who
observed that the application of moderate doses of
poultry manure significantly increased germination

by improving the availability of nitrogen and other

Table 1. Biometric characteristics of H. sabdariffa

essential micronutrients. On the other hand, the
lower germination percentages observed in treatment
1 suggest that insufficient doses or inadequate
management of poultry manure may limit the

expected benefits.

Hibiscus sabdariffa biometrics

The data show the means and standard deviations
of three key morphological variables: plant height,
stem diameter and number of leaves, evaluated at
different stages of development and subjected to
four poultry manure treatments. The results highlight
significant differences between treatments and stages.
In general, treatments 2 and 4 (5.5 and 7.5 kg/m? of
poultry manure) presented higher values in the three
variables studied, particularly in the final stages of
development (evaluations 7, 8 and 9). For example,
in evaluation 9, treatment 4 reached an average height
of 154.61 + 20.53 cm, significantly greater than
treatment 1 (128.14 £ 55.74 cm) as shown in Table
1. In addition, the number of leaves was higher in
treatment 4 (1497.64 + 452.72) compared to the other
treatments (Table 1).

Evaluation Treatment Height (cm) Stem diameter (cm) Number of leaves
1 1 1437 £8.65a 254+1.28a 1594 +£10.32a
1 2 1739+ 8.37a 294+120a 19.08 £ 11.45a
1 3 13.75+7.06 a 252+1.23a 15.69 £ 9.88 a
1 4 16.83 + 6.68 a 3.09+1.05a 19.11+9.46a
2 1 28.49 + 16.84 b 5.54+3.44b 51.23 +39.37b
2 2 36.03 £13.85a 7.11+2.88a 69.56 +40.50 a
2 3 32.32 + 14.29 ab 6.63 +3.14 ab 61.03 + 34.94 ab
2 4 37.09+11.04a 6.91 £ 2.65 ab 70.31 £32.03a
3 1 36.37 £20.62b 7.70 £4.77 b 52.08 £43.55b
3 2 46.61 £ 16.53 a 9.31 £3.91 ab 74.14 £ 4446 a
3 3 41.69 £ 18.01 ab 8.84 +4.13 ab 78.53 £ 48.67 a
3 4 4781+ 12.11a 9.84+2.73a 69.31 +42.13 ab
4 1 52.90 £ 27.66 b 11.82 +6.98 a 127.64 £ 89.80 a
4 2 63.70 + 21.30 ab 1390 £ 5.47a 138.56 £ 70.14 a
4 3 57.31 £ 25.56 ab 13.67£6.45a 151.94 £+ 87.97 a
4 4 67.17 £ 12.73 a 14.73 £3.95a 153.61 £ 68.75 a
5 1 107.60 + 49.27 b 20.38 £9.98b 523.61 +411.75a
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122.68 + 42.62 ab
114.97 + 46.60 ab
131.01 £14.19a
117.17 £52.55b
142.62 + 38.60 a
130.31 + 49.84 ab
148.74 £ 1591 a
124.61 £ 54.84 a
14331 +£37.19a
127.43 £51.82a
145.25 £20.53 a
128.14 +55.74 b
140.83 + 45.66 ab
129.58 +49.38 b
154.61 £20.53 a
128.14 £55.74 b
140.83 + 45.66 ab
129.58 +49.38 b
154.61 £20.53 a

21.29 + 8.00 ab
22.25+9.05 ab
2456 +4.04a
25.54+11.63a
28.35+8.52a
27.46 £11.09a
29.28+447a
26.61 +12.23a
29.02+9.03a
29.59+11.35a
31.13+3.63a
28.33+12.51b
31.64 + 10.34 ab
30.75+11.81 ab
33.53+4.44a
28.33+12.51b
31.64 + 10.34 ab
30.75+ 11.81 ab
33.53+4.44a

488.58 £316.62a
608.72 +£372.98 a
473.36 £ 24381 a
724.36 + 363.54 b
890.70 + 436.25 ab
939.31 £420.90 a
982.49 +288.92 a
1014.03 £ 678.50 ¢
1375.50 + 416.89 a
1122.25 +439.95 bc
1252.94 + 301.28 ab
1137.75 +612.53 b
1267.86 + 525.41 ab
1197.25 + 485.47 ab
1448.61 + 450.67 a
1190.06 + 635.40 b
1315.36 + 532.63 ab
1245.94 + 499.98 ab
1497.64 + 452.72 ab

The higher values shown by treatments 2 and 4,
especially in the advanced stages of development, can
be attributed to differences in the composition and
dosage of the poultry manure used. Poultry manure
contains high concentrations of nitrogen, phosphorus
and potassium, essential nutrients that favor the
development of vegetative tissues and structures such
as stems and leaves (Almeida et al., 2019).
Particularly, the superiority of treatment 4 could
be related to an optimal nutrient ratio and a more
efficient release of nutrients throughout the crop cycle
(de Souza et al., 2018). On the other hand, the lower
values observed in treatment 1 suggest insufficient
dosing or lower nutrient bioavailability, which is in
agreement with research reporting that suboptimal
applications of poultry manure can limit early
development and final plant yield (Sindhu, 2021).

As for stem diameter, treatments 2 and 4 again
showed higher values, indicating a positive effect of
poultry manure on plant structural vigor. This result
is consistent with reports indicating that the use of
organic amendments improves the ability of plants

to withstand abiotic and biological stresses, thanks to

Rev. de investig. agroproduccion sustentable 7(1): 27-41, 2025

an increase in tissue thickness and structural stability
(Khan et al., 2023; Jiang et al., 2020; Azim, 2019).
Leaf number, an indicator of photosynthetic potential
and overall plant health, was also higher in treatments
2 and 4. Research such as that of Awal et al. (2021)
has indicated that application of poultry manure
improves macronutrient availability and increases
levels of micronutrients such as zinc and iron, which
are essential for chlorophyll synthesis and leaf
development.

Figure 3 shows the evolution of the number of
shoots in four treatments during three consecutive
evaluations. A progressive increase in the number of
shoots is observed in all treatments throughout the
evaluations, although with marked differences among
them. Although no significant differences were
detected, it can be seen that treatment 1 consistently
shows the highest number of shoots, reaching its
highest value in evaluation 9 (422.83 + 249.26). In
contrast, treatments 3 and 4 show the lowest values
throughout all evaluations, with less pronounced

differences between them.
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Figure 3. Number of H. sabdariffa shoots per evaluation.

The number of shoots observed in the treatments
evaluated reflects the direct influence of the fertilizer
dose applied, with progressively higher values as the
doses increased. This suggests that lower or higher
doses of fertilization positively influence shoot
development, although the optimal balance between
available nutrients and plant needs seems to vary
according to specific conditions (Medza-Mve et al.,
2018).

The superiority of treatment 1 could be due to the fact
that the moderate dose of fertilizer applied avoids
phenomena such as osmotic stress or excess nutrient
toxicity, which is consistent with previous reports
by Singh (2018), who documented those optimal
doses of nitrogen fertilization improve vegetative
development and soil health.

However, it is important to note that the use of chicken
manure has certain limitations that could influence
the physiological response of crops and soil quality
in the medium and long term. Excessive applications
of chicken manure can lead to the accumulation of
soluble salts that cause osmotic stress and reduce
water and nutrient absorption (Yost et al., 2022). In
addition, high doses of ammoniacal nitrogen can cause
leaf toxicity and alter hormonal balance, negatively
interfering with processes such as flowering and fruit
set (Bayu, 2020). In the soil, improper management
of chicken manure can promote the accumulation
of phosphorus above crop requirements, increasing
the risk of leaching and eutrophication of water
bodies near the plantation (Sharpley et al., 2002). In
addition, there are reports that high and continuous
applications of chicken manure can alter the carbon-
nitrogen ratio, modifying the microbial community
and affecting nutrient mineralization and soil health
(Ghimire et al., 2017).

Flowers and yield

Figure 4 shows the differences in the number of
flowers under four treatments. Although variations
between the mean values are observed, there were
no significant statistical differences. This suggests
that none of the treatments produces a substantial
differential effect on flower production. Treatments
1 and 3 show slightly higher averages (297.86 and
315.92, respectively) compared to treatments 2 and 4
(280.31 and 238.75). However, the variability of the
data within each treatment is wide, as indicated by the

interquartile ranges and the presence of outliers.
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Figure 4. Number of flowers per treatment.

The absence of significant differences among
treatments suggests that the experimental conditions
implemented in this research did not have a sufficient
impact on flowering. This finding is consistent with
previous studies that have reported that factors
such as agronomic management, crop genetics, and
environmental conditions may have more determinant
effects on flower production (Richardson and Arlotta,
2021; Bakasso et al., 2010).

Although the results do not show statistical
differences, treatments 1 and 3 show slightly superior
trends. In future studies, it would be advisable to use
complementary methods, such as genomic analysis,
to evaluate genotype-environment interactions,
as proposed by Ullah (2024). Finally, the results
highlight the need to further explore the specific
conditions under which applied treatments could
exert a significant effect on flowering. For example,
recent research has indicated that factors such as
planting density and irrigation management have a
considerable impact on flowering of H. sabdariffa
(Zand-Silakhoor et al., 2022; Mohd et al., 2019).

The average yield varied among the treatments
evaluated. Treatment 3 (6.5 kg/m? of poultry manure)
showed the highest average yield (1.28 kg/plant) and
the lowest yield was recorded for treatment 4 (7.5
kg/m? of poultry manure) with 0.84 kg/plant, with
significant differences between treatments (Figure 5).
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Figure 5. Yield of H. sabdariffa by treatments.

The highest yield observed in treatment 3 (6.5 kg/m?
of poultry manure) suggests that this dose provides
an adequate amount of nutrients for optimal crop
development, favoring vegetative growth and biomass
distribution to productive structures. Previous studies
have shown that organic fertilizers such as poultry
manure improve soil fertility by increasing organic
matter, gradually releasing nutrients and stimulating
microbial activity (Sha et al., 2023). Also, this organic
amendment contains high concentrations of N and P,
which are essential nutrients in the photosynthetic
process and formation of reproductive structures
(Rech et al., 2020).

The low values recorded with treatment 4 (7.5 kg/m?
of poultry manure) could indicate that applying an
excessive dose of poultry manure produces negative
effects on the crop such as salt accumulation or soil
nutrient imbalance. In this regard, Zayed et al. (2023)
also reported that an excessive application of organic
fertilizer induced osmotic root stress in plants and
altered their metabolism, thus showing that high doses
of fertilizers are not always the best option for a crop.
Therefore, it is important to establish the appropriate
doses of organic fertilizers according to the specific
needs of the crop, since this way higher yields will be
achieved. Several researches point out that a strategy
that gives good results is the combination of organic
and inorganic fertilizers; since in this way a better
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use of nutrients is achieved and thus mitigate the
environmental damage caused by agricultural activity
(Urmi et al., 2022; Xie et al., 2022; Peng et al., 2019).
In the future, it would be good to explore the impact
of long-term organic fertilizer doses to understand the
dynamics of soil nutrient and carbon accumulation,
and how these determine the biodiversity of soil
fauna. In addition, other planting factors such as plant
density and irrigation rates should be evaluated.

On the other hand, it is necessary to be aware that the
use of chicken manure can have adverse effects. For
example, continuous applications at very high doses
can cause the accumulation of copper and zinc, which
come from mineral supplements in the birds’ diet,
leading to accumulation in the soil and posing a risk
of phytotoxicity (Deng et al., 2020). However, this
risk is reduced when chicken manure is composted
before application, as was done in this study. In
addition, excessive application of ammoniacal
nitrogen can alter the relationship between vegetative
and reproductive growth of the crop, causing
damage to floral and productive structures (Sun
et al., 2023). Finally, a high organic load can alter
soil microorganisms, favoring the development of
pathogenic or opportunistic species (Chen et al.,
2023). These potential adverse effects highlight the
need for balanced chicken manure management
to increase crop yields without compromising soil

health and agroecosystem stability.

Correlation of biometric variables and
performance

The biometric variables and yield exhibited different
degrees of correlation as shown in Figure 6. There
were direct correlations between the number of
flowers and yield (r=0.80), between plant height and
stem diameter (r=0.87), and between plant height
and number of leaves (r=0.74). Other significant
correlations include the relationship between number
of shoots and number of leaves (r=0.61) and between
plant height and yield (r=0.46). These relationships
suggest that vegetative development and reproductive
capacity are closely linked in this management

system.
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Figure 6. Pearson’s correlation of blometrlc varlables
and yield of H. sabdariffa.

The strong correlation between flower number and
yield (r=0.80) highlights the importance of flowering
as an indicator of crop production potential. This
finding is consistent with research that has shown
that a higher number of flowers is usually positively
correlated with final yield, provided that environmental
conditions and management are adequate to optimize
pollination and fruit development (Richardson and
Arlotta, 2021; Bakasso et al., 2010).

The moderate direct correlation between yield and
plant height indicates that the taller a plant is the higher
the yield, since the plant would be accumulating
more photosynthetic resources. This coincides with
previous studies indicating that more vigorous plants
tend to allocate more resources towards reproductive
structures in crops under balanced organic fertilization
conditions (Gillet and Gregorius, 2020).

A direct correlation was also observed between stem
diameter and plant height, indicating that the more
robust a plant is the more height it will reach and
therefore the more likely it is to achieve higher yields;
this would point to them as reliable variables to
evaluate the vigor of H. sabdariffa. Stem diameter is
a variable of great interest according to reports from
researchers who point out that this plant structure is

responsible for the efficient transport of water and
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nutrients to the other structures and have a direct
impact on yield (Meng et al., 2017; De Swaef et al.,
2015). In addition, the direct relationship observed
between the number of leaves and shoots, highlight
the importance of good leaf development for the
generation of growing points that then contribute to
productivity (Medza-Mve et al., 2018).

The results obtained highlight the importance of
knowing the correct dose of poultry manure to
maximize the yield of H. sabdariffa without affecting
soil and plant health. Indicators such as number of
flowers, stem diameter, number of leaves and plant
height are also useful to evaluate the performance of
the crop.

Although the correlations observed give us clues about
the relationship between variables, it is important
to interpret them with caution. For example, the
correlation between the number of flowers and yield
may be due to the balanced availability of nutrients
or the soil’s ability to retain water, which in turn are
influenced by the physicochemical characteristics of
chicken manure (Agegnehu et al., 2016). Similarly,
the relationship between plant height and stem
diameter could be due to adequate aeration and
soil structure, improved by the addition of organic
matter, and not only to vigorous crop growth (Haiti
et al., 2006). However, excessive doses of chicken
manure can cause surface compaction, alter hydraulic
conductivity, and limit root development (Dube et al.,
2012).

IV. CONCLUSIONS

The most appropriate concentration of poultry
manure according to yield results was the one set
in treatment 3 (6.5 kg/m?), with this concentration a
good vegetative yield and higher yield figures were
obtained. On the other hand, it was observed that
higher doses of poultry manure as in treatment 4 (7.5
kg/m?) can negatively influence variables such as
yield, possibly due to an excess of nutrients that affect
crop physiology. This research aims to contribute to
the field of agronomic management of H. sabdariffa
in soil and climatic conditions such as those of Loreto

and to show that an adequate dose of poultry manure
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will improve crop yield.

On the other hand, the results obtained will serve as a
basis for establishing fertilization programs or plans
for H. sabdariffa in regions with similar soil and
climatic conditions, thus promoting the development
of sustainable agriculture in line with the challenges
of climate change. In the near future, it would be
important to evaluate the combined action of poultry
manure with inorganic fertilizers widely used in the
region, in order to enhance the efficiency of these
fertilizers. It would also be important to evaluate
the impact on soil health of organic amendments in
the long term, their repercussion on soil fauna and
on the physicochemical quality of products derived
from H. sabdariffa. Finally, it would be important to
study the combined effect of fertilizer dose, planting
density and irrigation dose on H. sabdariffa for the
future establishment of integrated and sustainable

agroforestry systems.
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