Jurnal limu Pertanian Indonesia (JIPI), September 2026
(Indonesian Journal of Agricultural Sciences)
ISSN 0853-4217 EISSN 2443-3462

Vol. 31 (4): 655-665
http://journal.ipb.ac.id/index.php/JIPI
DOI: 10.18343/jipi.31.4.655

OPEN (3 i’ACCESS W) Check for updates

Synergistic Effects of Multicomponent Bioameliorants on Soil Fertility and
Doubling Soybean Yield under Dryland Conditions in Indonesia

Rasbawati Rasbawati', Suherman Suherman?*, Asysyuura Asysyuura 3, Muh. Haedar Rabisa*, Ikhsan
Ramadhan?, Nirmala Nirmala?

(Received September 2025/Accepted August 2026)

ABSTRACT

Indonesia's soybean output averages 0.6-0.8 t-ha™, far lower than the potential yield of 2-3 t-ha™. Imports still
account for more than 60% of national need. The prevalence of dryland areas with low fertility and inadequate water-
holding capacity remains a major barrier to enhancing domestic soybean productivity. This study evaluated how
bioameliorants improved soil chemical characteristics and soybean productivity. A randomized block design was
used with six treatments: P1 (bioameliorant mixture at 30 t-ha™), P2 (bioameliorant mixture at 20 t-ha™"), P3 (chicken
manure at 30 t-ha™), P4 (cow manure at 30 t-ha™), P5 (control, no bioameliorant), and P6 (rice husk charcoal at 30
t-ha™). Each treatment had three replications. The criteria studied were vegetative growth, physiological indices, leaf
area index (LAl), net assimilation rate (NAR), relative growth rate (RGR), and yield components. Data was evaluated
using analysis of variance (ANOVA) and HSD at 5%. The results demonstrated that bioameliorants considerably
increased growth and yield over the control. P2 had the most leaves (204 per plant), leaf area (5,417.94 cm?), and dry
biomass (168.72 g/plant), but P1 had the highest grain output (2.8 t-ha™). The control yielded just 1.2 t-ha™, and the
1000-seed weight was consistent among treatments (about 175 g). Bioameliorant mixes, especially at 20-30 t-ha™,
improve soil quality, increase soybean growth, and double yield in dryland conditions, while also supporting

sustainable waste utilization and soil health restoration.
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INTRODUCTION

Drylands in Indonesia have enormous potential for
expansion as agricultural producing areas, notably for
soybeans (Dewi & Nadhira 2025). As an agricultural
country, Indonesia has a significant demand for
soybeans, both for domestic consumption and for the
processing industry (Rahim et al. 2023). Soybeans are
the primary raw material for a variety of strategic food
products, including tofu, tempeh, soy sauce, and soy
milk, which have become an integral part of people's
diets. However, domestic soybean output is insufficient
to meet national demand (Hulu & Sri Rahayu 2024).
Indonesian soybean output averages 1.5 t-ha™, which
is significantly lower than the potential yield of 2-3
t-ha™ (Rinaldi et al. 2023). As a result, Indonesia
continues to rely heavily on soybean imports to meet
domestic demand, accounting for more than 80% of
total national demands (Bayu 2024). This circumstance
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shows a significant imbalance between output and
demand, requiring more effective land management
measures to boost domestic soybean production.

One of the limiting issues for soybean output in
Indonesia is the reliance on dryland agriculture
(Suherman et al. 2025). Dryland has restrictions, such
as poor water availability, organic matter content, and
nutrient retention capacity (Janke et al. 2025). Dryland
soil is generally coarse in texture, resulting in rapid loss
of water and nutrients, ultimately limiting plant
productivity (Huntley 2023). Under these conditions,
soybeans frequently encounter water and nutrient
stress, resulting in unsatisfactory vegetative
development and crop yields (Chaudhari et al. 2024).
Therefore, developing soil management innovations,
particularly the use of organic-based bioameliorants, is
critical for improving soil functionality and increasing
soybean yield in dryland areas in a sustainable
manner.

To address the limits of dry land, various measures
have been explored, including the introduction of
superior stress-tolerant varieties (Yofa et al. 2021),
chemical fertilization (Naorem et al. 2023), and water-
saving irrigation systems (Chen et al. 2024). However,
water-saving irrigation systems in dryland areas are
frequently hampered by low water availability and
inadequate  infrastructure, making large-scale
deployment difficult (Roy et al. 2025; Tandane et al.
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2026). Furthermore, such systems are largely
concerned with water management and do not directly
address soil fertility and nutrient retention, which
remain significant limits in dryland agriculture.
Furthermore, excessive and continuous use of
chemical fertilizers has been shown to erode soil
structure, diminish soil organic matter, and negative
impact microbial activity, ultimately leading to
decreased soil quality and increasing reliance on
external inputs (Abebe et al. 2022). Therefore, more
ecologically friendly and sustainable solutions are
necessary to increase soil ecosystem function. One
promising solution is the use of bioameliorants, which
are organic soil supplements made from materials like
animal dung, compost, and biochar. These materials
work through a variety of mechanisms, including
increasing soil organic matter, improving soil
aggregation, increasing water-holding capacity (Astiko
et al. 2024), improving soil structure, and stimulating
microbial activity, which is critical for nutrient availability
(Astiko et al. 2023).

Previous  study has demonstrated that
bioameliorants can improve plant development in
drylands (Suherman et al. 2025). Bioameliorants such
as chicken manure and cow dung, for example, are
high in nitrogen and organic matter and can improve
soil quality. Chicken manure is recognized for its high
nitrogen content, which is essential for vegetative plant
growth, but cow dung includes a lot of carbon, which
helps to build soil structure (Sitters et al. 2020). Rice
husk charcoal is also an efficient bioameliorant
because it increases soil water-holding capacity and
improves soil aeration (Astiko et al. 2025), making it
ideal for dryland settings with limited water availability.
In addition, bioameliorants promote the activity of soil
microorganisms, which are essential for nutrient
cycling. Bacteria and fungus help break down organic
materials into forms that plants can absorb (Javed et al.
2022). This helps plants use nutrients more efficiently,
which can improve soybean growth and output (Sree et
al. 2025). Bioameliorants can also help to minimize soil
erosion, a common problem in drylands with loose soil
texture. Furthermore, the use of bioameliorants is in
line with the Sustainable Development Goals (SDGs),
especially SDG 2 (Zero Hunger) through increasing
local food production to reduce imports and strengthen
food sovereignty (Kpammah et al. 2026), SDG 12
(Responsible Consumption and Production) by utilizing
organic waste such as livestock manure and rice husk
charcoal into environmentally friendly value-added
products (Waheed et al. 2025), and SDG 13 (Climate
Action) through efforts to reduce greenhouse gas
emissions by recycling organic waste while improving
soil quality (Afshar & Mofatteh 2024). This study
compared the effectiveness of bioameliorants i.e.
chicken manure, cow dung, rice husk charcoal, and
their mixtures at levels of 20 and 30 t-ha™. The goal of
this study was to identify the most effective type and
amount of bioameliorant for boosting vegetative
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growth, biomass, and soybean output in dryland
environments. The study's findings are expected to
give scientific insights as well as practical
recommendations for farmers seeking to increase
soybean yield sustainably and close the production-to-
national-needs mismatch.

METHODS

Research Site

This study was carried out in a dryland location in
South Sulawesi, Indonesia (3°59'49.09"S and
119°40'37.12"E). The site represents a typical tropical
dryland ecosystem, with Regosol soil that is relatively
juvenile, sandy in texture, loose in structure, and has a
limited water-holding capacity. The area has a tropical
environment, with a distinct dry season. The average
annual rainfall is between 1,500 and 2,000 mm, with
unequal distribution throughout the year. Rainfall is
concentrated during the wet season, whereas the dry
season from May to October sees significantly less
precipitation, often less than 100 mm each month. The
average daily temperature ranges from 28.5 °C to 29.2
°C, resulting in high evapotranspiration rates and low
soil moisture availability. These conditions are typical
of dryland agricultural systems, where water scarcity
and low soil fertility are significant restraints on crop
output.

Research Design

The experiment used a Randomized Block Design
(RBD) with six bioameliorant treatments: a mixed
bioameliorant at 30 t-ha™ (P1), a mixed bioameliorant
at 20 t-ha™" (P2), chicken manure at 30 t-ha™ (P3), cow
dung at 30 t-ha™ (P4), a control without bioameliorant
(P5), and rice husk charcoal at 30 t-ha™ (P6). The
application rates of 20 and 30 t-ha™ were chosen
based on previously published ranges of organic
amendments, which typically vary between 10 and 40
t-ha™ depending on soil conditions and amendment
types (Agbede et al. 2024; Camlica & Yaldiz 2025).
The 20 t-ha™ rate is a moderate application level,
whereas 30 t-ha™" is a higher input level. This allows for
the examination of dose-dependent effects of
bioameliorants on soil characteristics and plant
performance.

The bioameliorant combination included chicken
manure, cow dung, and rice husk charcoal in equal
parts (1:1:1, w/w). Two application rates were used: 20
and 30 t-ha™". The experimental plot size was 2 m x 3
m (6 m?). The application rates were converted into
plot-scale quantities, yielding 18 kg per plot for the 30
t-ha™ treatment and 12 kg for the 20 t-ha™ treatment.
The 30 t-ha™ treatment used a mixture of 6 kg chicken
manure, 6 kg cow dung, and 6 kg rice husk charcoal
per plot. The 20 t-ha™ treatment used a mixture of 4 kg
chicken manure, 4 kg cow dung, and 4 kg rice husk
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charcoal per plot. Bioameliorants employed in this
investigation were procured locally. Chicken manure
and cow dung were sourced from surrounding farms,
while rice husk charcoal was derived from rice milling
byproduct. Before application, all bioameliorant
ingredients underwent a fermentation procedure to
improve breakdown and nutrient availability.

All ingredients were fermented under regulated
moisture levels (50-70%), considered to be optimal for
microbial activity during composting operations (Haug
2018). Fermentation was carried out utilizing a leaf
mold solution as a biological activator, which contained
indigenous microorganisms capable of speeding up the
degradation of organic matter and mineralization of
nutrients. The use of local microorganisms (MOL) as
bioactivator has been shown to improve composting
efficiency and organic fertilizer quality (Gan et al.
2020). The solution was prepared by diluting leaf mold
extracted in water (1:10, v/v) and then spraying it
uniformly on a mixture of chicken manure, cow dung,
and rice husk charcoal. The mixture was periodically
turned to guarantee proper aeration and uniform
decomposition, as turning has been shown to improve
microbial activity and heat distribution during organic
matter decomposition. The use of animal manure and
biochar-based materials has also been shown to
improve composting efficiency and organic matter
stabilization (Suherman et al. 2025). The fermentation
process was carried out for four weeks until the
materials darkened in color, were more friable, and
released a lower odor, indicating partial stabilization of
organic matter. Following fermentation, the
bioameliorant mixture was applied to the soil at the
prescribed treatment doses and evenly integrated into
the topsoil layer (0—20 cm) during site preparation prior
to planting.

Anjasmoro, a superior soybean cultivar, was
planted at a 30 cm x 20 cm spacing, with two to three
seeds each hole. After germination, the seedlings were
trimmed to leave only one plant per hole. Watering,
weeding, and treating pests and diseases as needed
are all part of plant maintenance.

Observed Parameters

Plant growth, biomass, physiological indices, and
yield components were among the metrics monitored.
Vegetative growth data were plant height (cm), number
of leaves, and leaf area (cm?). Plant height was
measured using a ruler from the base of the stem to the
plant's tallest point. Each sample plant had its leaves
counted manually. Leaf area was calculated using a
non-destructive method based on leaf length and width
measurements, with a correction factor, or by using a
leaf area meter when applicable. Fresh and dry weights
were included in the biomass parameters. Fresh weight
was determined by weighing plant samples right after
harvesting using a digital balance. Dry weight was
measured after oven-drying the samples at 70 °C until
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a consistent weight was achieved, indicating full
moisture elimination.

The leaf area index (LAI), net assimilation rate
(NAR), and relative growth rate (RGR) were estimated
using standard growth analysis methods based on
weekly observations (Nasrullah et al. 2026; Pabédn-
Garcés et al. 2025). The LAl was calculated as the ratio
of total leaf area to ground surface area occupied by
the plant. Formulas 1 and 2 were used to determine
NAR and RGR, respectively. W represents plant dry
weight (g), L represents leaf area (cm?), and t
represents time (day).

NAR = (Wz - Wl) / (tz - tl) X (ln L2 -In L1) / (Lz - Ll)
RGR = (ln Wz -In Wl) / (tz - tl)

Observations were taken at weekly intervals from
two weeks after planting (WAP) until the generative
stage. Physiological indices were determined using
sequential sampling intervals. At harvest, vyield
components were measured: seed weight per plant (g),
1000-seed weight (g), and production per hectare
(t-ha™). Growth was observed weekly from two weeks
after planting (WAP) until the generative period, with
yield measurements taken after harvest. The collected
data were examined using analysis of variance
(ANOVA) to assess the effect of the treatments. If
significant differences were discovered, a second HSD
(Honestly Significant Difference) or Tukey test was
used at the 5% level to distinguish between treatments.

RESULTS AND DISCUSSION

Soil Chemical Properties

The soil chemistry analysis revealed that the initial
soil condition (control) was relatively poor in fertility.
This was suggested by low organic carbon content
(1.30%), low total nitrogen (0.10%), and restricted
accessible phosphorus (31 ppm), whereas soil pH
ranged from slightly acidic to neutral (6.66) (Table 1).
These characteristics are typical of marginal dryland
soils: poor organic matter and nutrient availability, as
well as limiting agricultural output. The use of
bioameliorants significantly improved soil chemical
characteristics when compared to control. The
multicomponent treatments (P1 and P2) demonstrated
the most significant gains, notably in terms of soil
organic carbon and nutrient availability. Organic carbon
levels increased dramatically to 2.65% in P1 and 1.91%
in P2, showing significant soil organic matter
enrichment. The accessible phosphorus (P,0Os)
increased significantly from 31 ppm in the control to
178 ppm in P1 and 135 ppm in P2. Potassium
availability boosted, with P1 having the highest value
(349 ppm). Furthermore, soil pH changed toward
neutral (7.03-7.29), which is beneficial for nutrient
availability and uptake. The improved soil chemical
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Table 1 Soil chemical properties under different bioameliorant treatments

Treatment pH Organic C Total N C/N Available P,O¢ Available K,O
(H:0) (%) (%) Ratio (ppm) (ppm)
P1 (Mix 30 t-ha™) 7.03 2.65 0.11 24 178 349
P2 (Mix 20 t-ha™) 7.29 1.91 0.11 17 135 204
P3 (Chicken manure 30 t-ha™) 6.69 1.48 0.13 11 64 174
P4 (Cow dung 30 t-ha™) 6.55 1.80 0.14 13 117 163
P5 (Control) 6.66 1.30 0.10 12 31 158
P6 (Rice husk charcoal 30 t-ha™) 6.34 1.56 0.13 12 32 229

Note: These values represent soil chemical properties measured after treatment application. Soil pH was determined in an
H,O suspension. Organic carbon was determined using the Walkley—Black method, total nitrogen using the Kjeldahl
method, and available phosphorus and potassium were determined using standard extraction methods.

characteristics can be attributed to the combined
impacts of organic matter addition and increased
nutrient release from bioameliorants. Increased
organic carbon helped to increase soil structure,
aggregation, and water retention capacity while also
acting as a microbial substrate (Quan et al. 2020). The
increased availability of phosphate and potassium
indicates improved nutrient mineralization and reduced
fixation, both of which are required for plant metabolic
processes (Chaudhari et al. 2024). The move to neutral
pH enhances nutrient solubility and availability,
especially in dryland soils where nutrient restrictions
are widespread (Astiko et al. 2023).

Among the treatments, the multicomponent
bioameliorant (P1) consistently showed the greatest
improvement in most soil indices, demonstrating a
synergistic impact of integrating several organic
ingredients. In contrast, single-source supplements
such as chicken manure (P3), cow dung (P4), and
charcoal (P6) exhibited moderate gains, implying that
certain materials may have more specific but limited
effects. For example, cow dung had the highest
nitrogen content, although charcoal was more
successful at increasing potassium availability (Ali et al.
2025). These findings demonstrate the effectiveness of
combined bioameliorant techniques in increasing total
soil fertility (Rizwan et al. 2025; Sebahire et al. 2024).

Vegetative Growth of Soybeans

The results showed that applying bioameliorant had
a substantial effect on most parameters of soybean
vegetative development in dry ground, except for plant
height, which did not change significantly across
treatments (Table 1). This suggests that the plant's
response to improving soil conditions is better reflected
in physiological metrics like leaf humber, area, and
biomass than in plant height. Vegetative plant
development is determined not only by an increase in
height, but also by leaf area and biomass, both of which
have a direct impact on photosynthetic capability. A
wider leaf area enhances the plant's ability to catch
light, whereas biomass indicates adequate nutrition
availability to sustain new tissue growth (Feng et al.
2023). Thus, enhanced soil fertility attained through
bioameliorants is critical in providing optimal nutrition

and physical conditions, thereby enabling a long-term
increase in leaf area and biomass (Suherman et al.
2025).

The bioameliorant mixed treatment (P2 and P1)
outperformed the single treatment and the control in
terms of leaf number and area. P2 had more leaves
(204.2) than the control (82.4), and its leaf area was
significantly wider (5,417.94 cm?) than the control's
(2,184.85 cm?). Improved vegetative growth in P1 and
P2 is strongly linked to increased soil fertility,
specifically higher organic carbon and nutrient
availability. This significant increase suggests that the
combination of bioameliorants efficiently improves soil
physical and chemical properties, improving the
availability of water and nutrients for plants (Amiroh et
al. 2025). The mixture's components each play a
distinct role: chicken manure, as a nitrogen-rich
bioameliorant, supports leaf formation (Qiu et al. 2021);
cow dung contributes to increasing organic carbon
content, which improves soil structure (Castro-Herrera
et al. 2022); and rice husk charcoal increases soil
porosity, improving aeration and water-holding
capacity (Anshori et al. 2023). The synergy among
these three materials explains why the mixed treatment
outperforms the single treatment (Suherman et al.
2025). Previous research has shown that combining
organic manure and biochar results in synergistic
benefits on soil fertility and plant performance (Wang et
al. 2021). Such combinations have been shown to
considerably increase soil organic carbon, nutrient
availability, and microbial activity when compared to
individual amendments (Chen et al. 2020). In addition,
the complementary roles of manure as a nutrient
source and biochar as a nutrient retention agent help
to improve soil chemical characteristics and crop
productivity (Huang et al. 2025). The lack of substantial
changes in plant height between treatments shows that
bioameliorants have a greater impact on plant
metabolic capacity through better physiology and
nutrition availability than on stem elongation alone. This
demonstrates the phenomena of partial etiolation, in
which plants grow higher without accumulating enough
biomass due to nutritional restrictions (Armarego-
Marriott et al. 2020).
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Plant Biomass

The results showed that the application of
bioameliorant had a substantial effect on soybean
biomass in dry land, both fresh and dry weight (Table
2). The maximum fresh weight was recorded in
treatment P2 (349.29 g), followed by P1 (289.55 g),
whereas the control (P5) gave just 154.16 g. A similar
trend was observed for dry weight, with P2 recording
the highest value of 168.72 g, much larger than that of
the control (75.31 g). P1 also made a significant
contribution, with a dry weight of 139.18 g. While the
single bioameliorant treatments (P3, P4, and P6)
produced more biomass than the control, their values
were still lower than the mixture treatments. The
proportion of dry weight compared to fresh weight
observed in this study was higher than previously
reported values in well-watered settings. This could be
linked to the dryland environment, where restricted soil
moisture availability can diminish plant water content
while increasing the relative accumulation of dry
matter. Plants tend to grow better structural biomass in
response to water stress. Under dryland conditions,
plants respond to water stress by increasing their dry
matter percentage relative to fresh biomass. This is due
to reduced tissue water content and higher structural
biomass allocation (Groszyk & Szechynska-Hebda
2021). The relatively higher dry matter proportion
observed in this study is consistent with plant
responses to water scarcity conditions. Drought stress
has been demonstrated to diminish plant tissue water
content and alter biomass allocation, resulting in a
larger proportion of dry matter buildup than under well-
watered conditions (Yan et al. 2023). These
physiological changes represent plants' adaptive
mechanisms for dealing with water scarcity in dryland
environments.

The study found that using bioameliorant mixes at
20 and 30 t-ha™ considerably enhanced soil chemical
characteristics in dryland environments. Soil pH rose
from 6.66 in the control to 7.03-7.29 in the mixture
treatments, and organic carbon content increased from
1.30% to 1.91-2.65% (Table 2), showing improved soil
fertility in terms of nutrient availability and organic
matter content. These gains were strongly related to
the increase in plant biomass shown in the
bioameliorant mixture treatments (P1 and P2), which
was reflected in higher fresh and dry weights. The rise
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in biomass shows a synergistic effect of the mixed
organic materials, producing more balanced
macronutrients (N, P, and K) while also enhancing soil
pH and overall soil physical and chemical qualities.
Increased nitrogen and phosphorus availability
facilitated vegetative development and biomass
buildup (Groszyk & Szechynska-Hebda 2021).
Furthermore, increasing organic carbon levels
improved soil structure and water retention, promoting
root development and nutrient uptake efficiency
(Montagnani et al. 2022). These findings show that
using bioameliorants in combination is more successful
than using them alone to improve soil fertility and plant
performance (Chen et al. 2020). Previous studies have
revealed similar findings, with integrated organic
amendments greatly improving soil characteristics and
biomass production (Suherman et al. 2025). Thus, the
mixture of bioameliorants enhanced soybean plant
biomass while also considerably improving soil fertility
in dryland in a sustainable manner.

P2 (mix 20 t-ha™) produced more biomass than P1
(mix 30 t-ha™), indicating that even low doses can
enhance plant development. Nutrient availability at 20
t-ha™ is sufficient to meet soybeans' physiological
needs, therefore raising the dose to 30 t-ha™ does not
result in considerable increases. Similar findings have
been observed in previous studies, where lower or
moderate application rates resulted in higher crop yield
than higher doses, particularly in field conditions. This
shows that increased biomass is a direct reflection of
the plant's physiological efficiency in converting
photosynthesis into vegetative growth (Park et al.
2024). Thus, this experiment confirms that
bioameliorants play an important role in alleviating
dryland soil conditions and allowing plants to produce
more biomass (Table 2). Using bioameliorants at a
dose of 20 t-ha™ resulted in increased fresh and dry
plant weight, leading to higher soybean output during
the generative phase.

Growth Index

The Net Assimilation Rate (NAR) figures represent
the difference in response amongst bioameliorant
treatments (Table 3). The control (P5) had the highest
NAR value (0.762 g m™ week™), however this
advantage was only transient as it did not result in
optimal biomass accumulation. This shows that, while

Table 2 Effect of bioameliorants on vegetative growth of soybeans on dryland

Number of Plant .
Treatment leaves height Leaf azrea Wﬁtt Dry weight LAI
(leaflet) (cm) (cm?) weight (g) (9
P1 (Mix 30 t-ha™) 171.02 85.2 4535.69° 289.552 139.182 0.05042
P2 (Mix 20 t-ha™) 204.22 96.6 5417.942 349.292 168.722 0.06022
P3 (Chicken manure 30 t-ha™) 130.8° 82.4 3469.27° 210.12@ 102.65° 0.0385°
P4 (Cow dung 30 t-ha™) 148.2° 80.2 3932.56° 236.71° 115.21° 0.0437°
P5 (Control) 82.4¢ 93.8 2184.85° 154.16° 75.31° 0.0243¢
P6 (Rice husk charcoal 30 t-ha™) 120.0° 77.8 3183.61° 195.84° 94.78° 0.0354°

Note: Numbers followed by different letters in the same column indicate significant differences according to the HSD test at

the 5% level
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the control group's leaves have a reasonably high
photosynthetic efficiency per unit area, the soil's low
nutrients and water prohibit the assimilation process
from being sustained over time. In contrast, treatments
P1 (0.759) and P2 (0.727) had rather consistent NAR
levels. Despite not being as high as the controls, this
consistency helped to increase biomass accumulation.
Treatment P6 (rice husk charcoal 30 t-ha™) had the
lowest NAR value (0.486), suggesting that while it
enhanced soil physical qualities, its contribution to
nutrient supply was less than that of the bioameliorant
combination.

Meanwhile, the Relative Growth Rate (RGR)
revealed an interesting pattern (Table 3), indicating a
relative rise in plant biomass per unit weight over time.
RGR values in bioameliorant treatments ranged from
0.05 to 0.08 g g™ week™, with P2 (0.052) and P3
(0.052) having the highest values, followed by the
control (P5) at 0.054. Although the control had a
relatively high RGR, this was not consistent with its
reduced biomass accumulation and seed yield, which
can be attributed to nutritional constraints that limit
long-term growth despite short-term relative increases.
This phenomenon is compatible with plant growth
theory, stating that RGR does not necessarily correlate
with total biomass accumulation due to constraints in
resource availability and allocation efficiency (Cwalina-
Ambroziak et al. 2021).

A contrasting pattern was found in P3, which
likewise had reasonably high RGR and NAR values but
did not produce biomass accumulation equivalent to
the bioameliorant mixture treatments (P1, P2). This
suggests that, while nutrient availability in P3 was not
a limiting factor, plant development may have been
affected by less balanced nutrient input and inferior soll
conditions compared to the combined treatments. High
NAR values indicate active photosynthetic absorption;
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however, this does not always imply increased biomass
accumulation, as biomass output is heavily controlled
by carbon allocation and partitioning across plant
organs. Previous findings have shown that plant growth
responses are influenced not only by absorption rates,
but also by how assimilates are allocated to structural
biomass, which ultimately affects total biomass
production (Cwalina-Ambroziak et al. 2021). In
contrast, the mixed bioameliorant treatments offered a
more balanced nutrient supply as well as better soil
physical and chemical characteristics, promoting both
photosynthetic activity and efficient biomass synthesis.
As stated in plant growth analysis theory, high RGR
must be supported by effective assimilate conversion
into structural biomass to sustain plant growth and
production (Fu et al. 2012). This condition was more
pronounced in P2, resulting in increased dry weight and
yield than in both the control and single-source
treatments. Thus, whereas the control had competitive
NAR and RGR values, the bioameliorant treatments,
notably P1 and P2, demonstrated improved
physiological consistency. The combination of chicken
manure, cow dung, and rice husk charcoal enhanced
soil physical characteristics, increased organic matter
content, and offered a better-balanced supply of
macro- and micronutrients (Hadiarto et al. 2025).
These conditions promoted steady net photosynthetic
rates (NAR) and relative growth (RGR), resulting in
higher soybean biomass and yield (Sattar et al. 2023).

Yield

Bioameliorants considerably boosted soybean yield
components (Table 4). The highest seed weight per
plant was achieved in P2 (63.27 g), higher than in P1
(52.19 g), while the control yielded just 28.24 g. The
weight of 1000-seeds remained generally consistent
throughout all treatments (175 g), showing that the

Table 3 Effect of bioameliorant on physiological index of soybean on dry land

Treatment NAR (g-m~2-week™) RGR (g-g™' week™)
P1 (Mix 30 t-ha™) 0.7592° 0.0502°
P2 (Mix 20 t-ha™) 0.727% 0.052%
P3 (Chicken manure 30 t-ha™) 0.777% 0.052°
P4 (Cow dung 30 t-ha™) 0.671% 0.051%
P5 (Control) 0.7622 0.0542
P6 (Rice husk charcoal 30 t-ha™) 0.486° 0.051°

Note: Numbers followed by different letters in the same column indicate significant differences according to the HSD test at

the 5% level.

Table 4 Effect of bioameliorant on soybean yield on dry land

Treatment Seed weight-plant™ (g) Weslgr;tdgf(;?oo Production (t-ha™)
P1 (Mix 30 t-ha™) 52.19° 175.00 2.800°
P2 (Mix 20 t-ha™) 63.272 175.00 2.5002
P3 (Chicken manure 30 t-ha™) 38.49¢ 175.00 1.742°
P4 (Cow dung 30 t-ha™) 43.20° 175.00 1.954°
P5 (Control) 28.244 174.31 1.200¢
P6 (Rice husk charcoal 30 t-ha™) 35.54¢ 175.00 1.607¢

Note: Numbers followed by different letters in the same column indicate significant differences according to the HSD test at
the 5% level.
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bioameliorant treatment did not affect the physical
quality of the seeds. Production per hectare increased
significantly. P1 had the highest yield (2.8 t-ha™),
followed by P2 (2.5 t-ha™), whereas the control yielded
just 1.2 t-ha™. This suggests that using bioameliorants
can enhance soybean yield by more than twice as
much as not using them. This illustrates the efficacy of
bioameliorants in improving dryland soil conditions and
thereby enhancing soybean productivity (Astiko et al.
2023).

Bioameliorant treatments, especially the 20-30
t-ha™ mix, resulted in increased soybean growth and
yield, suggesting a synergistic effect amongst organic
materials. This combination makes P1 and P2 the most
effective treatment. P2 used a lower dose (20 t-ha™),
but the findings are not significantly different from P1.
The 20 t-ha™ dose was sufficient for good vegetative
development, as indicated by biomass accumulation
and growth indices. However, the reproductive phase,
notably seed production and grain filling, requires
higher nutrient availability, particularly phosphorus and
potassium, which play important roles in energy
transfer, assimilate translocation, and seed
development. As a result, the enhanced nitrogen intake
in P1 may have contributed to increased yield
formation, even if vegetative growth responses were
not significantly different. This shows that P2 is more
input-efficient while still delivering optimal outcomes.
These findings align with the principle of efficient use of
organic materials in sustainable agriculture (Zulfigar et
al. 2019).

The apparent difference between vegetative growth
and yield responses can be attributed to the different
physiological requirements of plant growth phases. The
20 t-ha™ treatment was sufficient for vegetative
development. However, the higher yield in P1 (30
t-ha™) is likely associated with increased nutrient
demand during the reproductive phase, particularly
phosphorus and potassium, which play key roles in
seed formation and assimilate translocation
(Vemulakonda et al. 2024). Furthermore, crop
productivity is affected by the efficiency with which
biomass is partitioned into reproductive organs, rather
than only its accumulation. Previous studies have also
shown that increasing input levels does not necessarily
result in proportional vyield gains, with optimal
responses generally occurring at moderate nutrient
levels (Bhattarai et al. 2026). Practically, this
experiment shows that using bioameliorants not only
boosts soybean output but also has environmental
benefits by utilizing local organic waste. This helps to
meet SDG 2 (Zero Hunger) by increasing local food
production, SDG 12 (Responsible Consumption and
Production) by recycling organic waste, and SDG 13
(Climate Action) by reducing emissions and improving
soil (Astiko et al. 2023).

661

CONCLUSION

This study shows that bioameliorant application has
a substantial effect on vegetative development,
physiological indicators, and soybean production in
dryland. Mixed bioameliorant treatments at 30 t-ha™
(P1) and 20 t-ha™ (P2) significantly enhanced leaf
number, leaf area, biomass, and growth indices (LA,
NAR, and RGR) compared to the control group. P2 had
the most leaves (204), leaf area (5,417.94 cm?), and
dry weight (168.72 g), but P1 yielded the most (2.8
t-ha™). Bioameliorant application increased soybean
production by more than two-fold compared to the
control yield of 1.2 t-ha™".

The single bioameliorant treatments (chicken
manure, cow dung, and rice husk charcoal) enhanced
growth and yield compared to the control, but they
remained lower than the bioameliorant mixture. The
weight of 1000-seeds remained steady (£175 g),
demonstrating that the bioameliorant did not impact
their physical quality. The bioameliorant mixture
treatment at a dose of 20 t-ha™ (P2) was shown to be
more efficient than the 30 t-ha™ dose, resulting in
higher productivity (2.5 t-ha™) with reduced inputs. This
study indicates that the application of bioameliorants
not only boosts soybean productivity in dryland, but
also contributes positively to organic waste
management, improves soil fertility, and supports the
accomplishment of SDG 2 (Zero Hunger), SDG 12
(Responsible Consumption and Production), and SDG
13 (Climate Action).

Based on the study's findings, farmers in dryland
areas are advised to use mixed bioameliorants
(chicken manure, cow dung, and rice husk charcoal) at
a dose of 20 t-ha™ as an effective and sustainable
option, as it can increase soybean yields by more than
two folds compared to the control with lower input
requirements compared to a dose of 30 t-ha™.
Additionally, using bioameliorants based on local
organic waste helps reduce reliance on chemical
fertilizers, gradually improves soil quality, and supports
environmentally friendly agricultural practices that are
consistent with national food security and productivity.
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