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Abstract Azolla compost significantly increased total soil organic carbon (TSOC) by 27% and
soil pH by 20.6% at 15 tons/ha compared to unfertilized soil, but comparable with 10 ton/ha.
Phosphorus uptake by sweet corn was more than doubled with the application of Azolla compost
at 10 tons/ha as compared to unfertilized soil, accompanied by increases in shoot dry weight and
unhusked ear weight by 1.23 times and 81.9%, respectively. In general, the application of Azolla
compost at a rate of 10 ton/ha is sufficient to increase productivity of sweet corn in Ultisols.
While calcium carbonate application significantly improved soil pH and P tissue concentration,
it had no effect on TSOC, phosphorus uptake, shoot weight, or unhusked ear weight. These
findings provide valuable insights for optimizing sweet corn fertilization in Ultisols.

Keywords: Soil organic carbon, Soil pH improvement, Phosphorus uptake efficiency, Sweet
corn productivity, Sustainable soil amendment

Intoduction

Sweet corn (Zea mays var. saccharata) plays an important role in
increasing global food security. It has high nutritional content, including essential
vitamins, minerals, and dietary fiber, becoming as important food in many
regions. Sweet corn grows well to diverse climate, contributing to widespread
adoption by farmers (Sidahmed et al., 2024). Likewise, its ability to grow in
marginal lands makes it a potential crop for ensuring food availability (Sidahmed
et al., 2025. Sweet corn significantly strengthens food security and contribute to
sustainable farming practices.

Cultivating sweet corn in Ultisols faces challenges due to their high acidity
and low P availability. High aluminum saturation in the soils can inhibit root and
shoot growth and reduce nutrient uptake by plants (Rahman et al., 2024; Shetty
et al., 2021). Moreover, phosphorous, as an essential nutrient for crop growth
and development is frequently not available due metal fixation. High content of
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Al and Fe reduces P availability, resulting in high sorption capacity in acid soils
(Yiet al.,2023; Omenda et al., 2021; Ifansyah, 2013). Cultivating sweet corn in
Ultisols often employ soil management strategies such liming neutralizes acidity
and the application of organic fertilizer to improve soil properties.

Calcium carbonate is a commonly used method for reducing soil acidity. It
works by neutralizing acidity through its reaction with acidic cations like
aluminum (Al) and iron (Fe), thereby decreasing proton production and raising
the soil pH to a range more suitable for crop growth and development. By
reducing the saturation of Al and Fe in the soil, it also effectively lessens the risks
associated with aluminum toxicity. Study by Herrera and Perez (2020)
demonstrated that applying lime up to a rate of 4.5 ton/ha resulted in a linear
increase in soil pH and a reduction in exchangeable acidity. Additionally, the
availability of phosphorus in the soil showed a significant improvement.

Adding organic matter is crucial for enhancing nutrient availability and
creating a favorable rhizosphere for sweet corn growth. Azolla (4zolla pinnata)
compost is widely used for this purpose. A. pinnata itself contains 11.61-13.12%
fat, 27.15-27.17% protein, 9.64-12.66% fiber, 2.55-3.95% nitrogen, 0.35-
0.85% phosphorus, and 1.80-3.90% (Said et al., 2023; Sambodo et al., 2014). Its
compost, on the other hand, has 34.78-35.83% organic carbon, 3.10-3.17% total
nitrogen, 0.95-1.10% phosphorus, 1.57-1.81% potassium, a C/N ratio of 11.21—
11.30, and a pH ranging from 7.12 to 7.30 (Seleiman et al., 2022).

The use of Azolla compost significantly improves soil chemical properties.
According to Rashid et al. (2024), Azolla compost increases total organic-N,
total-N, available-P, exchangeable K, and soil pH. Its application also increases
exchangeable Ca, Mg, and cation exchange capacity (CEC). Additionally, it
promotes microbial activity, as evidenced by higher emissions of carbon dioxide
(CO») and nitrous oxide (N20) (Jumadi et al., 2014). Over time, Azolla compost
reduces soil acidity (Swami and Singh, 2019), particularly when combined with
lime, thereby fostering a more favorable environment for plant growth and
enhancing soil fertility. The study aimed to investigate the P uptake and sweet
corn yield following the application of Azolla compost and calcium carbonate in
Ultisols

Materials and methods
Soil sampling and media preparation
The experiment was carried out in the greenhouse of the Faculty of

Agriculture, University of Bengkulu, Indonesia. Ultisols were used in this study,
collected from the Faculty of Agriculture Experiment Station in Medan Baru
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Village, Bengkulu City. Soil samples were compositely collected from five spots
at a depth of 0-20 cm, air-dried for two days, ground, and sieved through a 2 mm
screen. A portion of the sample was further sieved through a 0.5 mm screen to
determine the initial characteristics of the soil. The initial characteristics of the
soil were 2.09% organic-C, 0.20% total N, 5.24 mg/kg available P, 54.6 mg/kg
available K, 3.73 cmol/kg exchangeable Al, and pH of 4.72.

Experimental design and treatments

The experiment employed a Completely Randomized Design (CRD) with
two factors. The first factor was Azolla compost applied at rates of 0, 5, 10, and
15 tons/ha, while the second factor was agricultural lime (CaCOs) applied at rates
of 0, 3.41, and 6.82 tons/ha. The lime application rates were determined based
on the concentration of exchangeable aluminum, which initially measured 3.73
cmol/kg in the soil. Each treatment combination was repeated three times, with
each experimental unit replicated twice.

Azolla compost preparation

Fresh Azolla was chopped into 2—3 cm pieces and air-dried for three days.
The dried Azolla was placed into 10 kg plastic composting bags. Each bag
received 200 ml of an EM-4 solution and 100 g of sugar, which were thoroughly
mixed to achieve uniform distribution. The mixture was incubated for four
weeks, with weekly turning to facilitate aeration. Upon completion of the
incubation period, the compost was prepared for application. The compost
contained 2.57% N, 0.34% P, and 0.03% K.

Cultivation procedure

The growing medium was prepared using air-dried Ultisols. A 10 kg soil
sample was placed into a polybag and treated with the specified rates of Azolla
compost and agricultural lime. The treated soil was incubated for one week to
facilitate chemical reactions. Following the incubation period, two sweet corn
seeds were sown into holes at a depth of 2 cm. The holes were subsequently
covered with soil to ensure proper seed placement and germination conditions.

Thinning was conducted two weeks after planting, retaining the healthier
sweet corn plant in each polybag. Weed management was performed manually
by removing weeds present in the growing media. Sweet corn was harvested 90
days after planting, with maturity determined by several indicators: yellowing of
the leaves, yellowish coloration of the ears, browning of the ear silks, firmness
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and fullness of the ears upon gentle pressure, and the exudation of a milky white
solution from the kernels. The observed variables included plant height, shoot
fresh weight, shoot dry weight, and unhusked ear weight. Additionally,
phosphorus concentration in plant tissues was assessed using the wet extraction
method as outlined by Balai Penelitian Tanah (2009). Phosphorous uptake by
plant was calculated using P concentration and shoot dry weight. Following
harvest, soil samples were collected from each polybag, air-dried for two days,
and sieved through a 0.5 mm screen. The samples were analyzed for Total Soil
Organic Carbon (TSOC) using the Walkley and Black method, and pH was
measured using a pH meter with a soil-to-distilled water ratio of 1:2.5.

Data analysis

Data were anlyzed using ANOVA at probability level of 5% on SAS for
Academic. Mean comparison was calculated using DMRT at probability level of
5%.

Results

The study indicated that Azolla compost significantly influenced TSOC,
soil pH, P tissue concentration, P uptake, plant height, stem diameter, shoot fresh
weight per plant, shoot dry weight per plant and unhusked ear weight (p<0.05).
Additionally, lime (CaCOs3) substantially affected soil pH, P tissue concentration,
and plant height but there were no significant differences on organic-C, P uptake,
shoot fresh weight, shoot dry weight and unhusked ear weight. The combination
effects of both factors were not observed in the study (Table 1).

Table 1. Analysis of variances for selected soil and plant variables

. Probability F < 0.05
Variables Azolla Compost Lime Interaction
Organic-C 0.019 0.341 0.676
pH 0.003 <0.0001 0.170
P tissue concentration 0.001 0.002 0.364
P uptake 0.033 0.323 0.743
Plant height 0.001 0.001 0.266
Shoot fresh weight 0.004 0.123 0.776
Shoot dry weight 0.037 0.399 0.883
Unhusked ear weight 0.004 0.117 0.752
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Effect of Azolla compost on selected soil properties and sweet corn
performance

The application of Azolla compost notably enhanced TSOC, as presented
in Figure la. TSOC remained comparable up to an application rate of 10 tons/ha
of Azolla compost but showed a significant increase at 15 tons/ha. When the soil
was fertilized with 15 tons/ha of Azolla compost, TSOC rose by nearly 27%
compared to unfertilized soil. The increase in TSOC was accompanied by a rise
in soil pH (Figure 1b). The concentration of phosphorus (P) in sweet corn tissues
steadily increased with the application of Azolla compost (Figure 1c) and the
increase in P concentration in sweet corn tissues was accompanied by an increase

in P uptake (Figure 1d).
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Figure 1. Effect of Azolla compost on Total Soil Organic Carbon (TSOC) (a),
soil pH (b), P concentration (c) and P uptake by plant (d)

The application of Azolla compost significantly enhanced plant height,
with a 16.2% increase at a rate of 5 ton/ha compared to the control (Figure 2a).
However, plant height at 5 ton/ha did not differ from 10 dan 15 ton/ha. A
significant increase was also observed in shoot fresh and dry weight (Figure 2b
and c). Shoot fresh weight increased from 35.9 g/plant in the control to 77.3
g/plant in the rate of 10 ton/ha, which was comparable to the weight observed at
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15 ton/ha. A similar trend was distinguished in shoot dry weight. These results
contributed the increase in the yield of sweet corn as indicated by the weight of

unhusked ear (Figure 2d).
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Figure 2. Effect of Azolla compost on plant height (a), shoot fresh weight (b),
shoot dry weight (c) and unhusked ear weight (d)

Effect of liming on selected soil properties and sweet corn performance

The study resulted no effect of calcium carbonate on TSOC but a
significant increase in soil pH. TSOC ranged from 46.2 to 51.2 g/kg with lime
application rate between 0-6.82 ton/ha (Figure 3a). Applying calcium carbonate
resulted in a steady increase in soil pH, as illustrated in Figure 3b. The study also
found that P uptake by sweet corn remained unaffected by different rates of
calcium carbonate application and the phosphorus uptake varied between 20.1
and 27.7 mg per plant (Figure 3¢ and 3d).
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Figure 3. Effect of Calcium Carbonate on Total Soil Organic Carbon (TSOC)
(a), soil pH (b), P tissue concentration (c) and uptake by sweet corn (d)

The study resulted that applying calcium carbonat at different rate did not
influence shoot weight and uhusked ear. Shoot fresh weight ranged from 53.0 to
77.8 g/plant, shoot dry weight from 9.1 to 13.2 g/plant and unhusked ear from
54.7 to 76.3 g/plant (Figure 4 b, 4c and 4d). However, plant height significantly
increased with higher rate of lime, showing a 29% increased at a rate of 6.82
ton/ha compared to control.
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Figure 4. Effect of Calcium Carbonate on plant height (a), shoot fresh weight
(b), shoot dry weight (c), unhusked ear (d)

Disscussion

Organic matter from compost will eventually contribute carbon to the soil.
Previous studies have demonstrated that Azolla compost enhances organic
carbon in the soil (Bharali ef al., 2021; Rashid et al., 2024; Novair et al., 2020).
The increase in TSOC was accompanied by a rise in soil pH. During
decomposition, Azolla compost produces stable organic acids, such as humic and
fulvic acids, which are rich in functional groups, such as carboxyl and phenolic,
capable of forming covalent bonds with metals to create organo-metallic
complexes (Spark, 2003). The soil in this study, classified as Ultisols, contains
high exchangeable aluminum (3.73 cmol/kg). The formation of aluminum-
organic complexes hinders aluminum hydrolysis, thereby reducing the
generation of hydrogen ions in the system and resulting in an increase in pH.
Previous studies confirmed that applying organic matter to acidic soil increases
soil pH pH (Muktamar et al. 2016; Muktamar et al., 2018; Muktamar et al., 2022;
Chen et al. 2022; Zhang et al., 2023).

The concentration of phosphorus (P) in sweet corn tissues steadily
increased with the application of Azolla compost. The increase in P concentration
in sweet corn tissues was accompanied by an increase in P uptake. P uptake was
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more than doubled, rising from 13.5 g/plant in the control to 27.1 g/plant at a
compost application rate of 10 tons/ha, which was not significantly different from
the uptake at 15 tons/ha. This result suggested that applying Azolla compost at a
rate of 10 tons/ha is sufficient to enhance P absorption in sweet corn. P
concentration rose by 8.7% when the soil was fertilized with 15 tons/ha of Azolla
compost compared to the control. During decomposition, Azolla compost
releases P into the soil, making it readily available for plant uptake. Additionally,
P bound in aluminum and iron phosphates, which are typically stable in acidic
soils, is released into the soil solution through the exchange of phosphate ions by
the functional groups in humic and fulvic acids. Previous studies have reported
that the addition of humic acid to acidic soils increases the availability of
phosphorus (P) in the soil solution by reducing the rate of P fixation (Maluf et
al., 2018; Jing et al., 2023). This released P is also readily accessible to plants.

Improvement of soil condition and the availability of nutrient support plant
growth. In this study, more favorable soil pH and the availability of nutrient has
increased P uptake by sweet corn, which in turn increase the growth and yield.
The application of Azolla compost significantly enhanced plant height, with a
16.2% increase at a rate of 5 ton/ha compared to the control. However, plant
height at 5 ton/ha did not differ from 10 dan 15 ton/ha. A significant increase was
also observed in shoot fresh and dry weight. Shoot fresh weight increased from
35.9 g/plant in the control to 77.3 g/plant in the rate of 10 ton/ha, which was
comparable to the weight observed at 15 ton/ha. A similar trend was
distinguished in shoot dry weight. These results contributed the increase in the
yield of sweet corn as indicated by the weight of unhusked ear.

These findings are associated with the improvement of soil properties and
nutrient availability, particularly phosphorus (P) absorption, as shown in Figure
1d. According to Uchida (2000), phosphorus plays a essential role in root
development, flower initiation, and seed formation, in addition to its primary
function in energy transfer during photosynthesis and respiration. An increase in
P uptake proportionally enhances shoot dry weight, husked ear weight, and
unhusked ear weight of sweet corn, as reported by Fahrurrozi et al. (2019).
Similarly, previous study has demonstrated that Azolla compost significantly
improves plant height, leaf number, ear count per plant, ear length, and unhusked
ear weight (Maruapey et al., 2022). Overall, applying Azolla compost at a rate
of 10 tons/ha is sufficient to boost sweet corn growth and yield.

The study resulted no effect of calcium carbonate on TSOC but a
significant increase in soil pH. TSOC ranged from 46.2 to 51.2 g/kg with lime
application rate between 0-6.82 ton/ha. Previous studies reported inconsistent
effect of lime on content of soil organic-C. Moore et al. (2012) observed a
decrease in organic-C in forest soils with increasing doses of dolomitic lime.
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Conversely, Sramek et al. (2012) confirmed that lime application increased soil
organic-C. However, several researchers reported no significant effect of lime on
TSOC (Mijangos et al., 2010; Costa, 2012; Hwang and Sang, 2006; Grieve et al.,
2005). According to Paradelo et al. (2015), an increase in soil organic-C might
result from the improvement of plant productivity, which returns more organic
matter to the soil. On the other hand, improvement in soil pH due to liming
stimulates microbial activity, accelarating organic matter decomposition, in turn
reducing soil organic-C.

Applying calcium carbonate resulted in a steady increase in soil pH.
Compared to control, soil pH rose by 17% and 34% when lime was applied at
rates of 3.41 and 6.82 tons/ha, respectively. This is increasingly attributed to
release of hydroxyl ions into the soil solution as lime dissolves. The Ultisols used
in this study had a low initial pH (4.74) and high exchangeable aluminum (3.73
cmol/kg). The presence of hydroxyl ions reacts with AI** in the soil solution,
forming insoluble Al(OH)s, which reduces aluminum hydrolysis. Additionally,
hydrogen ion neutralization further contributes to the rise in soil pH. Previous
studies have confirmed that liming significantly increases soil pH and
exchangeable calcium while reducing exchangeable aluminum (Mahmud and
Chong, 2022; Olego et al., 2021; Ejigu et al., 2023; Dinkecha and Tsegaye,
2017). The rise in soil pH was followed by an increase in phosphorus tissues
concentration with higher rates of calcium carbonate application. This might be
associated with release of P previously fixed by Al and Fe in the soil. Studi by
Alemu et al. (2022) confirmed that available P increased with the application of
CaCO;. However, the study also found that P uptake by sweet corn remained
unaffected by different rates of calcium carbonate application. Phosphorus
uptake varied between 20.1 and 27.7 mg per plant

The study also resulted that applying calcium carbonat at different rate did
not influence shoot weight and uhusked ear. Shoot fresh weight ranged from 53.0
to 77.8 g/plant, shoot dry weight from 9.1 to 13.2 g/plant and unhusked ear from
54.7 to 76.3 g/plant. However, plant height significantly increased with higher
rate of lime, showing a 29% increase at a rate of 6.82 ton/ha compared to control.
A study by Casumlong and Galgo (2020) reported similar result where
application of calcium carbonate did not affect leaf area index, shoot weigh and
ear weight.

In summary, application of Azolla compost up to the rate of 10 ton/ha
substantially increased total soil organic carbon and soil pH, leading to enhanced
P uptake, as well as improved growth and yield of sweet corn, as reflected in
increased plant height, shoot fresh and dry weight as well as uhusked ear weight.
In contrast, calcium carbonate application at 6.82 tons/ha raised soil pH by 34%
compared to the control but had no significant effect on total soil organic carbon,
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phosphorus absorption, or sweet corn growth and yield. These findings offer
valuable insights for optimizing sweet corn cultivation in Ultisols.
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