International Journal of Plant & Soil Science

Volume 37, Issue 8, Page 785-794, 2025; Article no.lJPSS.142509
il ISSN: 2320-7035

Combined Effects of Vermicompost
Tea and Effective Microorganisms on
the Tillering of Two Rice Varieties in
Kakanitchoé, Southern Benin

GBENOU, P. 2, R. DJOSSOU **, D. MONTCHO 2
and V. C. WAVOEKE 2

aEcole de Gestion et de Production Végétale et Semences, Laboratoire de Sciences Végétales,
Horticoles et Forestieres, Université Nationale d’Agriculture, BP 43, Kétou, Bénin.

b Ecole Doctorale des Sciences Agronomiques et de 'Eau (EDSAE) de I'Université Nationale
d’Agriculture (UNA), BP 43, Kétou, Bénin.

Authors’ contributions

This work was carried out in collaboration among all authors. Authors GP and RD designed the

study, performed the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript.
Authors DM and VCW managed the analyses of the study and the literature searches. All authors
read and approved the final manuscript.

Article Information
DOI: https://doi.org/10.9734/ijpss/2025/v37i85678

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://pr.sdiarticle5.com/review-history/142509

Received: 22/06/2025

Short Research Article Published: 20/08/2025

ABSTRACT

Aims: To assess the combined effects of vermicompost tea (VCT) and effective microorganisms
(EM) on the tillering of two rice varieties, IR841 and Sahel 108, in order to determine their
agronomic value in sustainable rice production systems.

Study Design: Split-plot design with two factors (rice varieties and VCT+EM combinations).
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Results:

showed a second peak in the seventh week.

Place and Duration of Study: SAIN School Farm, Kakanitchoé, during the 2024 cropping season.
Methodology: The experiment included two rice varieties (IR841 and Sahel 108) and eight
treatments of VCT+EM combinations, each replicated three times. Agronomic parameters
measured included plant height, leaf number, tiller number, panicle number, and panicle length.
Tillering dynamics were monitored weekly from the second to the seventh week after transplanting.
Combined application of VCT and EM significantly improved growth and yield
components in both rice varieties (P<0.0001). IR841 achieved the highest plant heights, especially
with 10 ml and 15 ml of VCT+EM. Sahel 108 showed superior leaf production and tillering, peaking
at 250.93 + 12.70 leaves and 63.66 + 2.74 tillers per hill at 20 ml. The highest panicle number
(38.60 £ 2.47) was recorded in Sahel 108 at 15 ml, while IR841 had longer panicles. Tillering
initiated in the second week after transplanting, peaked in the fifth week, slightly declined, and

Conclusion: The combined use of VCT and EM enhances rice growth and tillering, with varietal
differences in response patterns. These biostimulants hold promise for sustainable rice production,
and further research should optimize formulations according to variety type.

Keywords: Vermicompost tea; biofertilizers; effective microorganisms; rice; yield components.

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the main staple
crops in Benin, playing a strategic role in national
food security. However, rice production continues
to face major challenges such as low soil fertility,
heavy reliance on chemical fertilizers, and
climate change, all of which limit both productivity
and the sustainability of rice farming systems
(Adoukonou et al., 2021). During the 2023-2024
agricultural season, national rice production was
estimated at 492,626 tons, marking a 6.2%
decline compared to the previous season’s
525,014 tons (INStaD, 2024). This decrease is
mainly attributed to a drop-in yield, which fell to
3.73 tons per hectare—the lowest level recorded
since 2018 (INStaD, 2024). The yield reduction
can be linked to several factors, including
climatic variability, increased incidence of pests
and diseases, and most significantly, the gradual
degradation of solil fertility.

In conventional rice production systems in Benin,
farmers heavily rely on chemical fertilizers to
enhance vyields. However, the intensive and
unregulated use of these inputs has negative
consequences, including  sall depletion,
acidification, and disruption of the soil’s biological
balance (Saito et al., 2021).

In response to these constraints, the adoption of
agroecological practices—particularly the use of
biofertilizers—emerges as a promising
alternative for improving rice productivity in a
sustainable manner. Biofertilizers, including
vermicompost tea (VCT) and effective
microorganisms (EM), are known for their ability
to enhance soil fertility, stimulate plant growth,

and strengthen crop resilience against abiotic
stress (Afsharmanesh et al. 2016; Kheyri 2017;
Obsi et al., 2022).

Vermicompost tea is a nutrient-rich liquid extract
containing soluble nutrients and beneficial
microorganisms that promote vegetative growth,

especially tillering, by improving nutrient
availability and activating physiological
processes (Afsharmanesh et al., 2016; Obsi et
al., 2022). Meanwhile, effective

microorganisms—a consortium of lactic acid
bacteria, yeasts, actinomycetes, and fungi—are

recognized for their role in improving soll
structure, accelerating organic matter
mineralization, and inducing plant growth

(Gomez-Brandodn et al., 2015). Rice yield largely
depends on the plant's ability to produce a
significant number of tillers, particularly fertile
ones that bear well-filled panicles—an essential
factor for yield improvement (Gomez-Brandon et
al., 2015). In this context, biological inputs offer a
major lever for increasing productivity, especially
where access to chemical fertilizers is limited.
This study was therefore initiated to explore the
synergistic potential of vermicompost tea and
effective microorganisms in enhancing the
vegetative development of two rice varieties,
within  a  framework of  agroecological
sustainability.

2. MATERIALS AND METHODS

2.1 Experimental Site

The study was conducted at the SAIN Training
Farm in Kakanitchoé (N 07°02.705, E
002°39.133"), located in the commune of
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Adjohoun, in southeastern Benin. The commune
is bordered to the south by the commune of
Dangbo, to the north by Bonou, to the east by
Sakété, and to the west by the communes of
Abomey-Calavi and Ze.

2.2 Rice Varieties

Two rice varieties were used in this study: IR841
and Sahel 108. The IR841 variety was provided
by the Enterprise for Services and Producers'
Organization (ESOP/Vallée de 'Ouémé), located
in the Commune of Dangbo. It has a growth
cycle of 115 to 120 days, good lodging
resistance, and resistance to rice blast disease
(Pyricularia oryzae), making it one of the most
widely adopted varieties in southern Benin,
particularly in the Ouémé Valley. In contrast,
Sahel 108 was supplied by the SAIN Training
Farm in Kakanitchoé. It is an early-maturing
variety with a growth cycle of 100 to 110 days. It
is widely cultivated in the Senegal River Valley
and is known for its salinity tolerance (Africa
Rice, 2021).

2.3 Biofertilizers
The biofertilizers used in this study were supplied

by the SAIN Training Farm in Kakanitchoé and
consisted of the following:

v Vermicompost tea: a liquid fertilizer
obtained from the decomposition of
organic matter by earthworms.

v Effective Microorganisms (EM): produced
from yeast and organic waste.

The chemical composition of these two
biofertilizers is presented in Table 1.

2.4 Experimental Design and
Management

The experiment was conducted using a split-plot
design with two factors. The first factor, rice
variety, included two (02) levels: IR841 and
Sahel 108. The second factor consisted of a
mixture of two (02) biofertilizers: 50%
vermicompost tea (VCT) and 50% effective
microorganisms (EM). This VCT+EM mixture
was applied at four (04) different doses. The
combination of these two factors resulted in eight
treatments (Table 2), each replicated in three
blocks, for a total of 24 experimental units.

For the experiment, ten (10) polyethylene bags
(40 cm x 40 cm) were used per treatment, i.e., 80
bags per block. Treatments were randomly
assigned within each block. A spacing of 0.25 m
was maintained between treatments of the same
variety, 1 m between blocks, and 0.5 m between
varieties to facilitate maintenance operations.

Table 1. Chemical composition of vermicompost tea and effective microorganisms

Components Vermicompost Tea Effective Microorganisms
Ammoniacal nitrogen (mg/L) 22.960 0.00
Nitric nitrogen (mg/L) 1.680 0.00
Total nitrogen (%) 1.434 0.550
P,Os (%) 1.700 0.949
K,0 (%) 15.024 0.667
CaO (%) 4.467 1.985
MgO (%) 3.442 0.429
ZnO (mg/kg) 213.33 46.785
Total carbon (%) 0.00 5.975
C/N ratio 0.00 11
Total organic matter (%) 0.00 13.711

Source: (Gbenou et al., 2021)

Table 2. Design of experimental treatments

Factors Levels Treatments
Factor 1: Rice Varieties +IR841 T1 = DO0_IR841 ; T5 = DO_Sahel 108 T2 =
» Sahel 108 D1 IR841 ; T6 = D1_Sahel 108 T3 =
Factor 2: VCT+EM mixture * DO = 0 ml/hill D2_IR841 ; T7 = D2_Sahel 108 T4 =
* D1 =10 ml/hill D3_IR841 ; T8 = D3_Sahel 108
* D2 =15 ml/hill
» D3 =20 ml/hill
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2.5 Trial Setup Operations

7
0.0

7
*

Basal fertilization: A basal dose of
vermicompost was applied two weeks
before transplanting in polyethylene bags
previously filled with topsoil, at a rate of 62
g per bag. Each bag contained 10kg of
topsoil.

Nursery establishment: Seeds of both
rice varieties were soaked separately in
water for 24 hours. The soaked seeds
were then drained and wrapped in cloth to
create a favorable environment for
germination. This stage lasted 48 hours
and promoted the emergence of young
shoots. Pre-germinated seeds were then
sown on a 1 m2 seedbed.

Transplanting: 8-day-old seedlings of
each rice variety were transplanted into
bag (40 cm x 40 cm) with a 10 kg capacity
of topsoil, at a rate of one plant per
bag.

Watering and weeding: Watering was
carried out twice daily (morning and

evening), except on rainy days. Weeding
was done every two weeks to prevent
competition between rice plants and
weeds.

Plants in

2.6 Fertilization of Rice

Polyethylene Bags

Fertilization consisted of applying different doses
of the VCT+EM mixture to rice plants of the two
tested varieties. Two applications were
performed:

v' The first application occurred at the tillering
stage (i.e., three weeks after transplanting)
(Fig. 1a).

v' The second application was performed at
the panicle initiation stage (i.e., 45 days
after transplanting).

Each dose of the VCT+EM mixture (Fig. 1b)
was drawn wusing a 10-c.c. syringe and

applied directly to the collar of each rice plant
(Fig. 1c).

Fig. 1. (a) Rice plant at tillering stage, (b) Mixture of vermicompost tea (VCT) and effective
microorganisms (EM), (c) Application of VCT+EM doses
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2.7 Data Collection

Data related to plant growth were collected,
including the number of tillers per hill, number of
panicles per hill, plant height, and tiller
emergence rate (TER) for each rice variety. The
TER is an important indicator used to assess
vegetative growth and canopy development. It
was calculated using the following formula
(Yoshida, 1981):

Where: Nt = Total humber of tillers at the end of
the observation period, Ni = Initial nhumber of
tillers at the beginning of the observation period,
(tf - ti) = Duration of the observation period in
days.

2.8 Statistical Analysis

A two-factor analysis of variance (ANOVA) was
performed using the PROC GLM procedure in
SAS (2009) to evaluate the combined effects of
VCT + EM on the growth parameters of the rice
varieties IR841 and Sahel 108 (plant height,
number of tillers per hill, number of leaves per
hill), and on production parameters (number of
panicles per hill, panicle length). The means of
these different parameters were calculated, and
when significant differences were found among
treatments, the Least Significant Difference
(LSD) test at the 5% level was used for mean
separation. To correct for variance homogeneity,
the data related to the number of tillers, leaves,
and panicles were log-transformed using log;o(x
+ 1) prior to statistical analysis.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Plant height, number of leaves and
number of tillers of IR841 and Sahel 108

The results of the analysis of variance revealed
that both rice varieties, IR841 and Sahel 108,
were significantly influenced (P < 0.0001) by the
application  of different doses of the
vermicompost tea (VCT) and effective
microorganisms (EM) mixture (Table 3). This
influence resulted in significant variations in the
observed means of all growth parameters (plant
height, number of leaves, number of tillers) and
yield components (number and length of
panicles).

For growth parameters, the average plant height
ranged from 90.04 £ 0.56 cm for untreated plants

of Sahel 108 (0 ml) to 100.55 + 1.12 cm for
plants treated of IR841 with 15 ml of VCT+EM
(Table 3). When considering each variety
separately, the average plant height of IR841
was higher with 10 ml and 15 ml treatments of
the VCT+EM mixture. Plant height of IR841
variety remained statistically unchanged across
all doses of the VCT+EM mixture. In contrast, for
Sahel 108, the highest average plant height was
observed at the 20 ml dose (95.94 + 0.89 cm),
which was significantly higher than the other
three treatments.

As for the number of leaves and tillers per hill,
the highest average was recorded on treated
plant of Sahel 108 with 20 ml of VCT+EM, with
averages of 250.93 + 12.70 leaves/hill and 63.66
+ 2.74 tillers/hill, respectively. Whereas, the
lowest values were observed on untreated plants
of IR841, with 197.80 £ 11.59 leaves/hill and
47.50 + 2.19 tillers/hill (Table 3).

3.1.2 Yield components of IR841 and Sahel
108 rice varieties

Regarding vyield components, the highest
average number of panicles was recorded on
treated plants of Sahel 108 with 15 ml (38.60 +
2.47 panicles/hill), followed by those treated with
20 ml (37.40 = 1.66 panicles/hill) of the VCT+EM
mixture. The lowest average number of panicles
was recorded in untreated plants of IR841 (Table
3). As for panicle length, it was significantly
longer on IR841 plants than on Sahel 108 plants,
regardless of the dose applied. For each rice
variety, the average panicle lengths across the
four VCT+EM doses were statistically similar
(Table 3).

3.1.3 Tiller emergence rate of IR841 and
Sahel 108 rice varieties

The tiller emergence rate varied over time and
differed between the two rice varieties, reflecting
distinct growth strategies (Fig. 2). Both IR841
and Sahel 108 plants began tillering two weeks
after transplanting, with the number of tillers
steadily increasing until the fifth week before
declining in the sixth week, regardless of the
doses of the VCT+EM mixture applied. For all
doses, the maximum tiller emergence rate
occurred at the seventh week after transplanting,
reaching 4.02, 4.52, 4.61, and 4.83 tillers per
week for Sahel 108 at 0 ml, 10 ml, 15 ml, and 20
ml doses, respectively. In IR841, the peak tiller
emergence rates at the seventh week were 3.52,
3.85, 3.69, and 3.77 tillers per week for the same
respective doses.
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Table 3. Combined effects of vermicompost tea and effective microorganisms on the growth

parameters and yield components of IR841 and Sahel 108

Traitements

Plant height (cm)

IR841 Sahel 108 DF F P
Oml (TVC + EM) 99.87 £ 1.19a 90.04 = 0.56b
10ml (TVC + EM) 100.55 + 0.93a 91.28+1.71b 7 9.541 <0.0001
15ml (TVC + EM) 100.55 + 1.12a 92.29 £ 1.74b
20ml (TVC + EM) 99.21 + 1.05a 95.94 + 0.89c
Traitements Number of leaves per hill
IR841 Sahel 108 DF F P
oml (TVC + EM) 197.80 + 11.59a  231.80 + 10.24bc
10ml (TVC + EM) 206.12 + 8.21ab 236.40 + 14.11bc 7 3.974 0.0004
15ml (TVC + EM) 205.37 £+ 8.25ab  239.33 % 11.72bc
20ml (TVC + EM) 210.51 + 8.79ab 250.93 + 12.70c
Traitements Number of tillers per hill
IR841 Sahel 108 DF F P
Oml (TVC + EM) 47.50 £ 2.19a 56.70 + 2.56bc
10ml (TVC + EM) 51.50 £ 2.05ab 58.10 + 3.52bc 7 4486  <0.0001
15ml (TVC + EM) 51.34 + 2.06ab 59.83 + 2.93bc
20ml (TVC + EM) 49.33 + 2.91ab 63.66 + 2.74c
Traitements Number of panicles per hill
IR841 Sahel 108 DF F P
Oml (TVC + EM) 21.16 £ 2.58a 34.86 + 2.63c
10ml (TVC + EM) 23.50 £ 2.57ab 33.43+3.13c 7 7.560 <0.0001
15ml (TVC + EM) 23.37 £ 3.03ab 38.60 + 2.47d
20ml (TVC + EM) 27.06 £ 1.62b 37.40 + 1.66d
Traitements Panicle length (cm)
IR841 Sahel 108 DF F P
Oml (TVC + EM) 25.74 £ 0.99a 17.23 £ 0.86b
10ml (TVC + EM)  25.77 +0.67a 15.85 + 0.64b
15ml (TVC + EM) 23.21+0.69a 15.03 £ 0.48b 7 35.47 <0.0001
20ml (TVC + EM) 25.87 £ 0.93a 17.06 + 1.04b

Different letters represent the statistical significance at the probability level of 0.05

(a) IR841 variety
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(a) Sahel 108 variety
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Fig. 2. Temporal evolution of tiller emergence rate of IR841 and Sahel 108 rice varieties. WAT:
Week after transplanting

The results of this study highlight the beneficial
effects of the combined application of
vermicompost tea (VCT) and effective
microorganisms (EM) on vegetative growth and
yield components of IR841 and Sahel 108 rice
varieties. Overall, these biological inputs
significantly improved the performance of both
varieties, confirming the findings of several
authors regarding the stimulating effects of
biofertilizers.

Application of the different VCT+EM doses
significantly increased plant height, number of
leaves, and tillers in both varieties. These results
align with those reported by Afsharmanesh et al.
(2016) and Churilova & Midmore (2019), who
demonstrated that organic biostimulants enhance
nutrient absorption, chlorophyll synthesis, and
leaf development, resulting in improved plant
growth.

The highest plant height in IR841 was achieved
with 10 ml and 15 ml doses of VCT+EM,
whereas the best results in Sahel 108 were
obtained with the 20 ml dose. This likely reflects
varietal differences in responsiveness to
biofertilizers. Arancon et al. (2019) also reported
that the effectiveness of biological inputs
depends both on the crop variety and
environmental conditions.

The number of leaves and tillers followed an
increasing trend with higher doses, peaking in

Sahel 108 at 20 ml. This supports the findings of
Manthei (2021), who showed that combining
liquid compost with EM promotes greater rooting
and tillering due to improved nutrient availability,
enhanced microbial activity in the rhizosphere,
and the stimulation of natural phytohormones
favorable to vegetative development.

Regarding yield components, the number of
panicles per hill was significantly higher in Sahel
108, with a peak at 15 ml of VCT+EM. This
indicates the contribution of biofertilizers to
enhanced floral differentiation, as demonstrated
by Arosha & Sarvananda (2022), who found a
link between enriched vermicompost tea and
increased inflorescence formation per plant.

In contrast, panicle length was consistently
greater in IR841 across all doses, suggesting a
varietal-specific response. The stability of this
variable across doses implies that panicle length
is more influenced by varietal characteristics than
by biofertilizers, as noted by Mthiyane et al.
(2024) in studies on the effects of biostimulants
on rice morphological traits. It is also worth
noting that IR841 and Sahel 108 have distinct
morphological traits, which explains the
differences observed in panicle length.

The analysis of tiller emergence rate revealed a
similar pattern for both varieties: tillering began in
the second week after transplanting, peaked in
the fifth week, slightly declined in the sixth, and
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reached another peak in the seventh week. This
dynamic likely result from the combined
physiological stimulation by microbial metabolites
(e.g., auxins and cytokinins produced by EM)
and organic compounds present in vermicompost
tea (Kakar et al., 2016; Asghari et al., 2020),
which promote cell division and axillary bud
development, thereby enhancing
tillering.

It is important to emphasize that the response to
treatment varied by variety. IR841 responded
better to moderate doses (10-15 ml), while Sahel
108 showed improved performance with higher
doses (20 ml). This difference can be attributed
to host—-microbe compatibility, a factor widely
recognized to influence biofertilizer efficiency due
to the specificity of interactions between
introduced microbial strains and the plant’s
native microbiome (Smith et al., 2019;
Choudhary et al., 2021). According to Bashan et
al. (2020), the efficiency of microbial inoculants
depends not only on the applied microbial
density but also on the plant genotype’s capacity
to regulate colonization and the functional activity
of beneficial microbes. Excess microbial
metabolites or nutrients released in the
rhizosphere may induce osmotic stress and
metabolic competition, ultimately constraining
plant growth (Xu et al., 2018; Liu et al., 2022).
This could explain the decline in IR841
performance at higher doses, in contrast to Sahel
108, whose root physiology and morphological
plasticity appear better adapted to microbe- and
nutrient-rich environments (Gouda et al., 2018;
Hossain et al., 2022).

This dose—variety interaction suggests a specific
synergy between genotype, the introduced
microbiota, and vermicompost tea, as described
by Paungfoo-Lonhienne (2020), who emphasized
that bioinoculant efficiency is often modulated by
host—-microbe compatibility.

4. CONCLUSION

This study demonstrates that the combined
application of vermicompost tea and effective
microorganisms has a positive and significant
effect on the growth and yield performance of
IR841 and Sahel 108 rice varieties, with varying
responses depending on the dose of biofertilizer
applied. These findings confirm the agronomic
relevance of using biostimulants in sustainable
cropping systems and pave the way for further
research into optimal formulations based on rice
variety type.
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