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ABSTRACT 
Climate change has an impact on the instability of rainfall patterns and soil degradation, especially on 

lateritic soils that have low water retention capacity and fertility. This affects plant infertility in lateritic 

soils. This research aims to improve water retention and fertility of lateritic soils through water storage 

media based on seaweed alginate (Gracilaria verrucosa), rice husk biochar, and zeolite as a sustainable 

agricultural solution. Alginate functions as a water binder, biochar increases soil porosity and provides 

organic carbon that supports soil microbial activity, while zeolite absorbs and releases water and 

nutrients gradually. The research methods included zeolite preparation and activation, seaweed 

processing, and rice husk pyrolysis. Water storage media were prepared by mixing laterite soil, biochar, 

seaweed, and zeolite in a certain ratio. Water absorption and storage capacity tests were conducted 

gravimetrically and analyzed by Duncan's test at the 95% confidence level. The results showed that the 

combination of seaweed alginate, biochar, and zeolite significantly increased the water retention 

capacity and fertility of the laterite soil. Thus, this innovation not only increases water availability in 

the soil but also improves laterite soil fertility, making it an adaptation strategy to the impacts of climate 

change while supporting sustainable agriculture in drylands. 

Keywords: seaweed alginate, rice husk biochar, water resistance, laterite soil, zeolite. 

1. INTRODUCTION

Changing rainfall patterns and increasing global temperatures are major factors affecting the 

sustainability of agroecosystems (Solissa et al., 2024). Impacts such as soil degradation, decreased 

water availability, and stress on soil microorganisms increasingly threaten agricultural productivity 

(Supardi et al., 2023; Meisuri et al., 2023). Lateritic soils that have low water retention are increasingly 

vulnerable to drought, while the inefficient use of chemical fertilizers worsens soil conditions and 

inhibits nutrient absorption (Setiawan et al., 2022). Therefore, soil amendments that can improve 

fertility and water retention are needed. 

One solution that has been experimented by Haryanti et al. (2008) is the mixing of organic fertilizer and 

water storage using seaweed because it has hydrocolloid properties that can absorb and retain soil 

moisture longer even in the dry season of seaweed. However, the water storage capacity decreased at a 

1 cm cut size after 45 minutes, from 927.3% to 776.7%. Therefore, other natural material-based 

innovations are needed as additions that can increase the soil's capacity to store water and sustainably 

retain the nutrients. 

One of the innovative solutions is the use of rice husk biochar and zeolite-based fertilizers that offers a 

holistic approach to increase agricultural resilience to climate change.  Rice husk biochar has a high 

porosity structure that allows biochar to absorb and store water, thereby increasing water availability 

for plants and reducing the rate of evaporation in the soil (Meisuri et al., 2023). Thus, zeolite as a natural 

adsorbent plays a role in regulating the release of nutrients and storing water, thereby increasing 

fertilizer efficiency and supporting plant growth in drought conditions (Mardikawati et al., 2023).  

mailto:24216005@students.uii.ac.id
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Based on this, researchers combined the three ingredients to create an innovative fertilizer that not only 

increases soil fertility, but also improves water storage capacity. This fertilizer also reduces evaporation, 

and increases crop resistance to environmental stress. By utilizing these three biological resources, this 

innovation is a concrete step towards a more adaptive and sustainable agricultural system (Mahmudi et 

al., 2023; Marlin et al., 2023). 

2. METHODOLOGY

2.1 Tools and Materials 

i. Pyrolysis tools:grinder, 5-liter plastic container, oven, 100 mesh sieve, knife, homogenization

mixer, digital balance, cutting board, small shovel, bucket.

ii. Materials: Gracilaria verrucosa seaweed, rice husk, zeolite stone, polybag, water and citric acid.

2.2 Manufacturing Process 

i. Preparation of zeolite: Zeolite is pulverized then sieved to pass 100 mesh, then zeolite is soaked

with distilled water for 24 hours, then filtered and dried using an oven at 120 ° C for 3 hours.

ii. Seaweed preparation: Seaweed soaked in water for approximately 3 days. The purpose of this

soaking is so that the seaweed becomes soft and fresh again, the seaweed is cut at a size of 1

cm pieces and oven baking is done at 75 ℃.

iii. Preparation of biochar: As much as 17 kg of leaves (leaves, twigs, flowers, dried fruits) and

then dried using an oven at 105 ℃ for 2 hours. Pyrolysis was carried out at 400℃ at a heating

rate of 20℃/minute for 1 hour.

iv. Making water storage media: Put laterite soil in polybags, added biochar, seaweed, zeolite and

laterite soil in a ratio of 2:1:1:1:2.

2.3 Data Analysis 

Analysis of water absorption and storage capacity using the formula: 

𝐾𝑎 =
𝐵1 − 𝐵2

𝐵2
× 100% 

Description: 

Ka = Water absorption or storage capacity 

B1 = Weight after treatment (g) 

B2 = Weight before treatment (g) 

The data obtained were then analyzed to determine the capacity of water absorption and storage, 

and continued with the Duncan test at the 95% confidence level. 
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3. FINDINGS

Lateritic soils have low fertility due to high mineral leaching and low organic matter content, especially 

in tropical areas with high rainfall. The loss of essential nutrients such as calcium, magnesium and 

potassium further reduces their productivity. In addition, low cation exchange capacity (CEC) as well 

as dense soil structure and limited water retention make lateritic soils less favorable for plant growth 

(Gifaricandrabayu et al., 2023). Therefore, soil improvers that can improve fertility and water retention 

are needed to address these problems.. 

Seaweed alginate serves as an alternative to water absorption in high laterite soils. A research conducted 

by Haryanti(2008) states that the highest water storage capacity in seaweed is found in the size of 1 cm 

pieces because the larger surface area increases water absorption. Water absorption in Gracilaria 

verrucosa occurs through osmosis, which is the diffusion of water molecules from high to low 

concentration areas, influenced by pressure that encourages the spread of molecules through the pores. 

Water uptake increased every 45 minutes, while water storage capacity decreased slightly due to 

transpiration after exposure to open air. Larger pieces have a smaller surface area, so the transpiration 

rate is lower, allowing water to be stored for longer. 

On the other hand, zeolite contains klipnotilolit which functions as a water retainer, with research 

showing that its addition can increase plant water content up to 13.70% and water porosity up to 60.7% 

(Suwandi, 2009). In addition, zeolites are able to exchange cations quickly, bind and store water, and 

retain essential nutrients such as potassium (K⁺), calcium (Ca²⁺), and magnesium (Mg²⁺) that are 

important for plant growth (Nursanti & Kemala, 2024). This ability helps reduce nutrient losses from 

the root zone, making nutrients available  longer. As a slow release agent, zeolite regulates the gradual 

availability of water and nutrients, increases fertilizer efficiency, and maintains soil moisture in dry 

environmental conditions (Suwardi, 2009). 

In addition, biochar also plays a role in improving soil structure by absorbing and storing water in its 

pores, maintaining soil moisture, and supporting microbial activity. Biochar made from grasses with a 

particle size of (1.00 - 2.00) mm has the highest field capacity moisture content of 43.42% (Liescahyani, 

et al., 2015). The porous structure of biochar can retain water in micro and macro crevices, regulate 

water flow, and reduce water loss through percolation. With the combination of seaweed, biochar and 

zeolite on laterite soil, it can optimize water absorption for more productive and sustainable agriculture. 

4. CONCLUSION

Based on previous research, biochar plays a role in increasing soil porosity and improving aeration, 

while seaweed provides growth regulators that support plant growth and improve soil structure. Zeolite, 

with its ability to absorb and release water and nutrients gradually, helps maintain soil fertility in the 

long term. It is hoped that our research of integrating these three materials will provide an innovative 

solution to increase agricultural productivity, especially in the face of the increasingly complex 

challenges of climate change and environmental degradation. 
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