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Agricultural bio-inputs offer multiple benefits, such as improving soil
texture, maintaining moisture and aeration for the root system, promoting
the development of beneficial microorganisms, and enhancing crop nu-
trition. This research, conducted between November 2022 and February
2023 at the Petrillo site, Nobol canton, Guayas province, Ecuador, aimed
to evaluate the effect of three bio-inputs (mycorrhizae, seaweed extracts,
and efficient microorganisms) on the morphology and yield of rice. A ran-
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soil application of agricultural bio-inputs generates a favorable response
compared to the control and conventional fertilization, improving nu-
trient absorption and the productive performance of the rice crop.
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Resumen

Los bioinsumos agricolas ofrecen multiples beneficios, como la mejora
de la textura del suelo, el mantenimiento de la humedad y la aireacion
para el sistema radicular, el fomento del desarrollo de microorganismos
benéficos y la promocion de una mejor nutriciéon en los cultivos. Esta
investigacion, desarrollada entre noviembre de 2022 y febrero de 2023
en el recinto Petrillo, canton Nobol, provincia del Guayas, Ecuador, tuvo
como objetivo evaluar el efecto de tres bioinsumos (micorrizas, extractos
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Synergy between biological and synthetic inputs: optimizing plant nutrition and
improving rice (Oryza sativa L.) yield

Esto evidencia que la aplicacion edafica de bioinsumos agricolas genera una respuesta favorable en comparacion con el
testigo y la fertilizacion convencional, mejorando la absorcion de nutrientes y el desempeiio productivo del cultivo de

arroz.

Palabras clave: extracto de algas, manejo de suelos, micorrizas, microorganismos eficientes, nutricion de cultivos.

1. Introduction

Rice (Oryza sativa L.) is one of the most important
cereals worldwide and a fundamental component of
the diet of billions of people (Lombeida Garcia et al.,
2022). However, the intensification of agricultural
practices to meet growing demand has led to severe
degradation of rice-growing soils. This deterioration,
caused by the excessive use of synthetic fertilizers
and pesticides, reduces soil organic matter, alters soil
pH, and compromises long-term fertility (Ahmad
Rizal et al., 2024). This poses a direct threat to the
sustainability of rice production systems and food se-
curity (Deepana et al., 2021).

The intensification of rice production has led to the
progressive degradation of rice-growing soils. This
phenomenon has been exacerbated by the extensive
use of agricultural machinery, pesticides, and fertili-
zers (Pozo Galves et al., 2017). Furthermore, the con-
tinuous practice of monoculture significantly affects
the physicochemical properties of the soil and reduces
microbial biomass, a key indicator of soil health and
fertility (Kumawat et al., 2023).

The combination of agricultural bio-inputs with
conventional fertilization optimizes nutrient uptake
and maximizes crop productivity. While fertilizers
provide readily available nutrients, bio-inputs impro-
ve nutrient availability and enhance soil microbiota.
This synergy not only increases yield but also pro-
motes the sustainability of agricultural systems by
reducing dependence on chemical inputs and mitiga-
ting the negative effects of intensive practices (Naran-
jo-Moran et al., 2022).

Faced with the challenges of intensive agriculture,
seaweed extracts have emerged as a sustainable alter-
native for improving soil health in rice systems. The-
se biostimulants contribute to soil restructuring by
increasing porosity and water retention capacity, the-
reby promoting aeration and root development. Fur-
thermore, their bioactive compounds, such as phyto-
hormones and nutrients, stimulate microbial activity,
enhancing organic matter mineralization and the gra-
dual availability of essential nutrients. The reduction
of exchangeable sodium and the improvement of soil
aggregate stability facilitate the recovery of degraded
or saline soils, thus optimizing conditions for rice
growth and productivity (Tahar et al., 2024).

Mycorrhizae are another key bio-input in rice systems.
These symbiotic fungi colonize rice roots, increasing
the root surface area and facilitating the uptake of
essential nutrients such as phosphorus, nitrogen, and
micronutrients (Begum et al., 2019). Their presence
improves soil structure and porosity, enhances water
retention, and stimulates microbial activity in the rhi-
zosphere, thereby strengthening soil fertility. Further-
more, mycorrhizae increase crop resistance to abiotic
and biotic stresses, promoting healthier growth and
higher yields while reducing dependence on chemical
fertilizers (Ruiz-Sanchez et al., 2015).

Effective microorganisms [EMs] are microbial
consortia composed of photosynthetic bacteria, lactic
acid bacteria, and yeasts that contribute to improving
soil fertility and biological activity. Their application
in rice paddies promotes organic matter decomposi-
tion, increases nutrient availability, and stimulates mi-
crobial activity in the rhizosphere. They also improve
soil structure by increasing porosity and water reten-
tion capacity, resulting in better root development and
greater nutrient uptake efficiency. These effects are re-
flected in more vigorous plants with greater tolerance
to abiotic stress, as well as improved yield and grain
quality (Lucas & Llerena, 2024; Jupri et al., 2019).

Given the above, the combined application of my-
corrhizae, seaweed extracts, and effective microorga-
nisms with conventional fertilization improves soil
health, optimizes nutrient uptake, and increases rice
productivity. Therefore, this study aims to evaluate
the effect of these soil-applied bio-inputs on the mor-
phological performance and yield of rice cultivation,
establishing a sustainable and efficient alternative for
intensive agricultural systems.

2. Materials and Methods

The research was conducted between November
2022 and February 2023 at the Petrillo site, located
in Nobol Canton, Guayas Province, Ecuador. To de-
termine soil fertility, samples were initially collected
following the methodology described by Mendoza
and Espinoza (2017). The samples were subsequently
analyzed at the Water and Soil Department Laboratory
of INIAP-Litoral Sur, using the methods described by
Quezada Crespo et al. (2017) for data validation. The
results obtained are presented in Table 1.
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2.1. Experimental design

A randomized complete block design was used, con-
sisting of five treatments and three replications, re-
sulting in a total of 15 experimental units. Each unit
measured 7 X 5 m (35 m?), with a total experimental
area of 552 m?. A random sample of ten plants per
experimental unit was used to evaluate the agrono-
mic variables, while the harvested net area (6 m?) was
considered for yield determination. The data obtained
were subjected to analysis of variance [ANOVA], and
when significant differences among treatments were
detected, means were compared using Tukey’s test at
a 5% probability level (p <0.05) using InfoStat statis-
tical software version 2020 (Table 2).

2.2. Experiment management

The genetic material used in the experiment was the
‘SFL-11" rice variety, recognized for its high yield in
the main rice-growing areas of Ecuador. This variety
adapts to warm climates and well-drained soils and
is characterized by its high productivity under irriga-
tion (6-9 t ha™') and rainfed conditions (5-8.5 t ha™).
Other outstanding agronomic characteristics include a
vegetative cycle of 127 to 131 days and a plant height
of 126 cm. Its phytosanitary profile includes moderate
resistance to fungal diseases and pests, as well as high
resistance to lodging (AGRIPAC, 2021).

The soil was prepared with three passes of a roto-
tiller, followed by leveling. Transplanting was carried

Table 1. Soil fertility of the rice-growing study area.

Criterion Unit Result Value
Sand: 14
Texture % Silt: 38 Clayey
Clay: 48
pH PN 7.3 Practically neutral
Organic matter % 3.8 Medium
NH4 ug ml"! 23 Medium
P ug ml"! 19 Medium
K meq 100 ml?! 4.050 High
Ca meq 100 ml"! 1.184 High
Mg meq 100 ml! 118 High
S ug ml! 115 High
Zn ug ml"! 2.2 Medium
Cu ug ml"! 14.9 High
Fe ug ml"! 16 Low
Mn ug ml! 24 High
B ug ml! 0.18 Bajo
Table 2. Treatments evaluated in the research.
TreatmentS Description Doses
1 Control No fertilization
N:170 kg ha!
2 CF* P,0,: 44 kg ha’!
K,0: 190 kg ha!
3 Mycorrhizae + CF 1 L ha'
4 Seaweed extracts + CF 250 cc ha'!
5 Effective microorganisms + CF 4L ha'!

* CF: Conventional fertilization

30f9
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out when seedlings were 17 days old. Five seedlings
were established per planting site, with a spacing of
0.25 m between plants and 0.25 m between rows.
Weed control was performed manually.

The agricultural bio-inputs were applied to the soil
through fractional drench applications. The first appli-
cation was performed three days before transplanting,
the second 13 days after transplanting, and the third
33 days after transplanting. The applied doses were as
follows: mycorrhizae: first application (333 cc ha™),
second application (333 cc ha'), and third applica-
tion (334 cc ha™); seaweed extracts: first application
(83 cc ha™), second application (83 cc ha™), and third
application (84 cc ha™); effective microorganisms:
first application (1.3 L ha™), second application (1.3
L ha™), and third application (1.4 L ha™!). The compo-
sition of each bio-input is detailed in Table 3.

Conventional fertilization was carried out accor-
ding to the results obtained from the soil analysis (Ta-
ble 1) and following the methodology proposed by the
International Plant Nutrition Institute (IPNI, 2016).
The following fertilizer sources were used: urea, 192
kg ha™; diammonium phosphate [DAP], 22 kg ha™;
and muriate of potash [KCI], 190 kg ha™'. Fertilizers
were applied manually and uniformly, considering
the following nutrient splits: nitrogen [N], 50% at
15 days after transplanting and 50% at 35 days after
transplanting; phosphorus [P], 100% at 7 days after

transplanting; and potassium [K], 100% at 35 days af-
ter transplanting. Conventional fertilization served as
the basis for treatments that included the application
of agricultural bio-inputs.

Several pests and phytosanitary problems were
observed and controlled through the application of
insecticides and fungicides at specific doses. For
the control of Hydrellia sp., thiamethoxam + lamb-
da-cyhalothrin was applied at 0.125 L ha™, 19 days
after transplanting [DAT]. For Diatraea saccharalis,
the same insecticide and dose were used at 65 DAT.
Oebalus ornatus was controlled with a soluble con-
centrated insecticide at 1.5 L ha™, applied at 77 DAT.
Finally, Pyricularia grisea was managed with a fun-
gicide composed of azoxystrobin and flutriafol at 1.25
Lha™, 57 DAT.

The crop was managed under a flood irrigation
system, maintaining a water depth of 5-8 cm. Irriga-
tion was applied every 5—6 days according to climatic
conditions and the soil’s water-holding capacity.

The crop was harvested at physiological maturity
using a sickle, ensuring proper grain collection.

2.3. Variables evaluated
* Plant height (cm): Measured from ground level to

the tip of the tallest panicle, excluding the awn,
using a measuring tape.

Table 3. Composition of the agricultural bio-inputs used in the research.*

Bio-input Composition Concentration
Endomycorrhizae
8x 1011 CFU L
(Glomus spp.)
Mycorrhizae
Ectomycorrhizae

7x 1011 CFU L

(Pisoltithus spp y Rhizopogon spp.)

Seaweed extracts Ascophyllum nodosum 99,65% (p/p)
Trichoderma harzianum (CT-22®), Trichoderma viride 2x 108
Potassium-solubilizing bacteria
1x 108
(Bacillus subtilis, Bacillus pumilus,Clostridium sp.)
Lactic acid bacteria
2x 108
(Lactobacillus acidophillus, L. Casei, L.Paracaser)
Effective microorganisms Nitrifying bacteria .
1x10
(Azotobacter sp., Streptomyces sp., Rhizobium sp)
Phosphorus-solubilizing bacteria
1x108
(Pseudomonas sp., Kocuria sp., Penicillium)
Fungi and yeasts
3x10°

(Saccharomyces cerevisiae, Penicillium sp., Paecilomyces lilacinus)

* The composition, concentration, and biological activity of the bio-inputs utilized in the study were based on the technical specifications provided by
the manufacturers (FENEC S.A., QSI Ecuador S.A., and Campo-Track®, respectively).
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* Number of tillers per plant: The total number of
tillers on each plant within the experimental unit
was counted.

* Days to flowering: Determined from 70 days after
transplanting until 50% flowering was reached in
each experimental unit.

* Days to maturity: Determined from 80 days after
transplanting, considering the light brown color of
the grains and the absence of green coloration in
the panicles as maturity criteria.

* Number of panicles: The number of panicles wi-
thin 1 m? of each experimental unit was counted.

* Panicle length (cm): Measured from the panicle
base (ciliary node) to the tip of the panicle, exclu-
ding the awn.

* Number of grains per panicle: Counted one day
before harvest in the harvested area of each expe-
rimental unit.

* Grainyield (kg ha™): Determined from the harves-
ted net area (6 m?) of each experimental unit and
adjusted to 13% grain moisture using Equation
[1], where PAj = adjusted weight, Pac = sample
weight, Hac = actual moisture content, and Hd =
desired moisture content.

[ kg Pac z (100 — Hac) 10.000m? 1
PAJ(E)_ 100 — Hd *Net area [

3. Results

ANOVA demonstrated high statistical significance (p
< 0.0001**) among treatments for all evaluated varia-
bles: plant height, number of tillers per plant, days to
flowering, and days to crop maturity.

According to the results of Tukey’s test (Figure 1),
the greatest plant height was obtained with the Myco-
rrhizae + CF and Algal Extract + CF treatments, which
reached an average of 124 cm. Regarding the number
of tillers, the Mycorrhizae + CF treatment was statis-
tically superior, achieving an average of 25.77 tillers
per plant. With respect to the crop cycle, the Effecti-
ve Microorganisms + CF treatment resulted in later
flowering, with an average of 81 days. Consistently,
the Algal Extract + CF and Effective Microorganisms
+ CF treatments extended the cycle to maturity to 102
and 103 days, respectively. It is worth noting that the
treatment with Mycorrhizae + CF showed an interme-
diate effect, maturing in 99 days.

ANOVA revealed highly significant differences (p
< 0.0001) among treatments for the number of pani-
cles, number of grains per panicle, and grain yield (kg
ha™). Likewise, panicle length showed significant di-
fferences (p = 0.0106).

According to Tukey’s test (Figure 2), the Mycorrhi-

zae + CF treatment produced the highest number of
panicles, with an average of 23.00, and the highest
grain yield, reaching 5,407 kg ha™'. In contrast, the
Seaweed Extract + CF treatment recorded the highest
number of grains per panicle and the greatest panicle
length, with 137 grains and 28.01 cm, respectively.

4. Discussion

Analysis of the results revealed that the incorporation
of agricultural bio-inputs combined with conventio-
nal fertilization significantly improved rice produc-
tivity. These findings indicate that, although conven-
tional fertilization enhances crop performance, the
addition of biological inputs optimizes plant growth,
yield components, and, consequently, grain yield.

Regarding plant height, the Mycorrhizae + CF and
Seaweed Extract + CF treatments promoted vigorous
growth, reaching an average height of 124 cm. My-
corrhizal symbiosis improves nutrient uptake, increa-
sing vegetative vigor (Guigard et al., 2023), while
seaweed extracts, rich in phytohormones, stimula-
te cell elongation and root development, promoting
plant growth and productivity (Thaimei et al., 2024).
This value exceeds that reported by Meza Aguilar &
Almeida Veintimilla (2024), who applied 10.91 kg
ha™ of seaweed extract (Ascophyllum nodosum) to
the ‘INIAP FL-1480’ variety and obtained an average
plant height of 99 cm.

About the number of tillers per plant, the Myco-
rrhizae + CF treatment achieved the highest average
(25.77), demonstrating the positive effect of inocu-
lation on rice vegetative development. This suggests
that mycorrhizal symbiosis enhances nutrient uptake
and overall plant growth. Ibrahim et al. (2024) repor-
ted that mycorrhizal application increased the maxi-
mum number of productive tillers in rice, establishing
a direct relationship between fungal inoculation and
tillering capacity. Furthermore, these values exceed
those reported by Cordero Flores & Manzaneda Del-
gado (2021), who evaluated six rice varieties under
irrigation and obtained an average of 11.00 tillers in
the ‘EPAGRI-109’ cultivar during the dry season.

Regarding days to flowering, the Effective Mi-
croorganisms + CF treatment showed the highest ave-
rage (81.00 days), indicating that inoculation influen-
ced the rice phenological cycle. This finding agrees
with Demir et al. (2024), who reported that the appli-
cation of compost enriched with effective microorga-
nisms improved soil fertility and rice agronomic cha-
racteristics, which may be associated with changes in
flowering time.

Regarding days to maturity, the Mycorrhizae + CF

5of9
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Figure 1. Average plant height (cm) (A), number of tillers per plant (B), days to flowering (C), and days to crop maturity (D) as a
function of the application of agricultural bio-inputs. Means with different letters differ statistically according to Tukey’s test (p <
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Figure 2. Average values for the number of panicles (E), (F), number of grains per panicle (G), and grain yield (kg ha™') (H) as a
function of the application of agricultural bio-inputs. Means with different letters are statistically different according to Tukey’s test
(p<0.05).

treatment showed an intermediate response, with an
average of 99 days. This suggests that combining my-
corrhizae with conventional fertilization can influence
the synchronization of the rice phenological cycle by
balancing vegetative growth and reproductive deve-
lopment. Mulyadi and Jiang (2023) reported that the
combined application of mycorrhizae and nitrogen
fertilization accelerated flowering in rice, demons-
trating that this interaction can modify crop maturity.
Likewise, Suarez Baque and Duran Mera (2023), eva-
luating the ‘SFL-11" variety under conventional fer-

Siembra 13(1) (2026) | 8788

tilization, reported maturity at 96 days, similar to the
results obtained in this study. This confirms that this
variety consistently fulfils its genetic potential.

The Mycorrhizae + CF treatment produced the hi-
ghest number of panicles, with an average of 23.00,
demonstrating the effectiveness of mycorrhizal sym-
biosis in improving rice reproductive performance.
This agrees with Martin-Cardoso et al. (2025), who
reported that arbuscular mycorrhizal fungi increase
plant height and vigor, and promote panicle formation
by improving phosphorus and nitrogen uptake. Fur-

ISSN-e: 2477-8850
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thermore, this value exceeds that reported by Hernan-
dez Quinodnez et al. (2021), who obtained an average
of 12.24 panicles per plant using conventional NPK
fertilization supplemented with micronutrients (Ca,
Mg, S, Fe, Mn, Cu, Zn, CI, B, Mo) and foliar silicon.
For panicle length, the Seaweed Extract + CF
treatment reached the highest value, with an average
of 28.01 cm. This exceeds the result reported by Ruiz
Parrales et al. (2020), who obtained an average panicle
length of 21.00 cm in the ‘INIAP-15’ variety under N:
160 kg ha™', K20: 90 kg ha™ y Zn: 2 L ha™! fertiliza-
tion. Similarly, Calero Hurtado et al. (2020) reported
an average panicle length of 27.00 cm using effective
microorganisms at a planting density of 35,000 plants
ha™ and soil application of 100 mL L' and 40 L ha™".
Taken together, these results support the effectiveness
of seaweed extracts in promoting rice reproductive
development. This finding is consistent with recent
studies reporting significant improvements in panicle
length associated with the use of biostimulants.
Regarding the number of grains per panicle, the
Seaweed Extract + CF treatment achieved the highest
average (137.00 grains), demonstrating the positive
effect of this biostimulant on rice fertility. This result
agrees with Thamvithayakorn et al. (2024), who re-
ported that Ascophyllum nodosum extracts combined
with plant growth-promoting bacteria significantly
increased the number of grains per panicle. This in-
crease is due to the stimulation of cell elongation and
hormonal activity, which promote the development of
reproductive organs. Furthermore, this value exceeds
that reported by Gonzélez Pita and Painii Montero
(2022), who obtained an average of 129.00 grains per
panicle using seaweed-based foliar biostimulants at a
dose of 1 L ha™'. This highlights the greater efficacy of
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kg ha™). Although Seaweed Extract + CF and Effec-
tive Microorganisms + CF improved specific agrono-
mic traits, the mycorrhizae-based treatment showed
the best overall performance. These findings suggest
that integrating bio-inputs with conventional fertiliza-
tion is a sustainable strategy for optimizing rice pro-
duction.

nal draft.
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