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ABSTRAK 

MUTIAH PRATIWI. Pola Pelepasan Nitrogen, Fosfor, dan Kalium pada 

Pupuk NPK-Zeolit dengan Metode Inkubasi. Dibimbing oleh HERMANU 

WIDJAJA dan SUWARDI.  

 

Ketersediaan nitrogen (N), fosfor (P), dan kalium (K) merupakan faktor 

penting yang menentukan kesuburan tanah dan produktivitas tanaman. Pupuk NPK 

konvensional umumnya melepaskan hara secara cepat, sehingga efisiensinya 

rendah akibat pencucian, volatilisasi, dan fiksasi di dalam tanah. Pemanfaatan zeolit 

sebagai matriks pupuk lepas lambat berpotensi mengendalikan pelepasan hara dan 

mempertahankan ketersediaannya dalam tanah. Penelitian ini bertujuan 

mengevaluasi dinamika pelepasan N-amonium (N-NH₄⁺), N-nitrat (N-NO₃⁻), P-

tersedia, dan K-tersedia, dan pengaruhnya terhadap pH dan daya hantar listrik 

(electrical conductivity/EC) tanah, serta menentukan formulasi NPK-zeolit terbaik 

selama 24 minggu inkubasi. Penelitian menggunakan tanah Latosol dengan 

limaperlakuan, yaitu NPK konvensional 15-15-15 dan empat formulasi NPK-zeolit: 

15-15-15, 12-12-12, 15-13-17, dan 17-13-15, masing-masing pada dosis setara 1 

ton ha⁻¹. Pengamatan dilakukan pada minggu ke-1, 2, 3, 4, 6, 8, 10, 12, 16, 20, dan 

24. Hasil penelitian menunjukkan bahwa konsentrasi N-NH₄⁺ secara umum 

menurun seiring waktu inkubasi, sedangkan N-NO₃⁻, P-tersedia, K-tersedia, dan EC 

tanah cenderung meningkat. Pola tersebut menunjukkan terjadinya nitrifikasi, 

pelepasan fosfor secara bertahap, dan pertukaran kation K⁺ pada zeolit. Penurunan 

pH tanah berkaitan dengan pembentukan ion H⁺ selama nitrifikasi, sedangkan 

peningkatan EC mencerminkan bertambahnya konsentrasi ion hara terlarut. 

Berdasarkan kestabilan dan keseimbangan pelepasan hara serta perubahan sifat 

kimia tanah, formulasi NPK-zeolit 12-12-12 (A2) merupakan formulasi terbaik. 

Formulasi ini mampu mempertahankan ketersediaan N, P, dan K secara lebih 

bertahap dan stabil selama masa inkubasi, sehingga berpotensi meningkatkan 

efisiensi pemupukan dan mengurangi kehilangan hara dalam tanah. 

 

Kata kunci: Efisiensi pemupukan, inkubasi tanah, NPK-zeolit, pupuk lepas lambat 

 

  



ABSTRACT 

MUTIAH PRATIWI. Release Patterns of Nitrogen, Phosphorus, and 

Potassium from NPK-Zeolite Fertilizer Using the Incubation Method. Supervised 

by HERMANU WIDJAJA and SUWARDI. 

 

The availability of nitrogen (N), phosphorus (P), and potassium (K) is an 

important factor determining soil fertility and crop productivity. Conventional NPK 

fertilizers generally release nutrients rapidly, resulting in low nutrient-use 

efficiency due to leaching, volatilization, and fixation in the soil. The use of zeolite 

as a slow-release fertilizer matrix has the potential to regulate nutrient release and 

maintain nutrient availability in the soil. This study aimed to evaluate the release 

dynamics of ammonium nitrogen (N-NH₄⁺), nitrate nitrogen (N-NO₃⁻), available 

phosphorus (available P), and available potassium (available K), as well as their 

effects on soil pH and electrical conductivity (EC), and to determine the best NPK-

zeolite formulation during a 24-week incubation period. The study was conducted 

using Latosol soil with five treatments consisting of conventional NPK fertilizer 

(15-15-15) and four NPK-zeolite formulations: 15-15-15, 12-12-12, 15-13-17, and 

17-13-15, each applied at a rate equivalent to 1 ton ha⁻¹. Observations were 

conducted at weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and 24. The results showed that 

N-NH₄⁺ concentrations generally decreased with increasing incubation time, 

whereas N-NO₃⁻, available P, available K, and soil EC tended to increase. These 

patterns indicated the occurrence of nitrification, gradual phosphorus release, and 

K⁺ cation exchange within the zeolite matrix. The decrease in soil pH was 

associated with H⁺ ion production during nitrification, whereas the increase in EC 

reflected the increasing concentration of dissolved nutrient ions. Based on the 

stability and balance of nutrient release and changes in soil chemical properties, the 

12-12-12 NPK-zeolite formulation (A2) was identified as the best formulation. This 

formulation maintained N, P, and K availability in a more gradual and stable 

manner throughout the incubation period, indicating its potential to improve 

fertilizer-use efficiency and reduce nutrient losses from the soil. 

 

Keywords: Fertilizer-use efficiency, soil incubation, NPK-zeolite, slow-release 

fertilizer 
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