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ABSTRACT 
	Sustainable fertilization strategies are essential for improving crop productivity while maintaining soil health. This study evaluated the effects of partial substitution of synthetic nitrogen (N) fertilizer with Sphagneticola trilobata (L.) Pruski compost on soil nitrogen and sweet corn (Zea mays saccharata Sturt.) growth and yields. A greenhouse experiment was conducted from June to August 2024 using a completely randomized design with six treatments: P0 (control), P1 (0% compost + 100% N), P2 (25% compost + 75% N), P3 (50% compost + 50% N), P4 (75% compost + 25% N), and P5 (100% compost + 0% N), each replicated four times. Vegetative parameters—including plant height, leaf area, leaf greenness, stem diameter, and leaf number—were measured, alongside yield components such as cob weight (with and without husks) and kernel sweetness. Post-harvest soil samples were analyzed for total nitrogen using Kejdahl Method. Fertilization significantly enhanced vegetative growth and yield compared to the unfertilized control. Sole synthetic N application (P1) promoted rapid growth but may threaten long-term soil fertility, whereas sole compost (P5) improved soil properties but resulted in lower yield and sweetness. Optimal performance was observed under P3 (50% compost + 50% N), which achieved the highest plant height, leaf area, cob weight, and kernel sweetness, demonstrating a synergistic effect between organic and inorganic inputs. Soil nitrogen after harvest was the highest in treatments with greater compost proportions, reflecting improved nutrient content in soil. These results indicate that partial substitution of synthetic N with S. trilobata compost effectively balances immediate nutrient supply with long-term soil fertility. This integrated fertilization approach provides a practical strategy to enhance sweet corn productivity while sustaining soil health.
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1. INTRODUCTION 
The green revolution has played a pivotal role in increasing agricultural productivity by promoting the use of high-yielding crop varieties, chemical fertilizers, and pesticides (Fathur et al., 2023). While this strategy has successfully addressed food shortages and contributed to global food security, its dependence on synthetic inputs has raised serious concerns about long-term sustainability. Intensive and prolonged application of chemical fertilizers has been linked to soil acidification, nutrient leaching, and the accumulation of heavy metals, which collectively degrade soil quality and threaten environmental health (Walling & Vaneeckhaute, 2020; Zhang et al., 2024). In addition to physicochemical impacts, excessive fertilizer use alters soil biological processes, leading to reduced microbial diversity, suppressed enzymatic activity, and impaired nutrient cycling. Notably, continuous reliance on synthetic fertilizers has been associated with drastic declines in beneficial soil microorganisms, such as mycorrhizal fungi and nitrogen-fixing bacteria, which are essential for maintaining soil fertility and plant productivity (Tripathi et al., 2020).
In response to these challenges and growing environmental awareness, global consumers are increasingly demanding eco-friendly products, thereby underscoring the importance of organic inputs in crop cultivation (Pegan et al., 2023). “The application of organic fertilizers derived from agricultural and livestock residues has been shown to enhance soil fertility, reduce dependence on chemical fertilizers, and sustain land productivity” (Sun et al., 2024; Karimi et al., 2023). This approach aligns with the principles of sustainable agriculture, which emphasize input efficiency while preserving environmental integrity.
One widely studied alternative is the partial substitution of synthetic nitrogen (N) fertilizers with organic amendments. This approach has been shown to improve soil fertility, leaf quality, and fruit yield (Yao et al., 2024). Similarly, combining Melastoma compost with synthetic fertilizers has been reported to sustain sweet corn yield (Yuliana et al., 2025). Other studies demonstrate that replacing up to 70% of synthetic N with organic fertilizers can increase vegetable yields by 5–5.6%, enhance soil organic carbon stocks, and reduce nitrogen leaching (Liu et al., 2021). Substituting synthetic fertilizers with crop residues or manure has also proven effective in lowering N₂O and NO emissions without compromising crop productivity (Liu et al., 2025). These findings are further supported by meta-analyses showing that manure substitution can increase crop yields by 3.3–3.9% and improve nitrogen use efficiency (NUE) by 6.3–10% (Ren et al., 2023).
The utilization of organic waste as a fertilizer source has thus emerged as a global trend in sustainable agriculture (de Nijs et al., 2023). “One potential material is the weed Sphagneticola trilobata (L.) Pruski, which contains 4.8% organic C, 3.2% N, 0.38% P, and 4.33% K” (Mardhotilah, 2024). Previous research has demonstrated that compost derived from S. trilobata can enhance the growth and yield of organic tomatoes in Ultisols, particularly when applied before planting (Setyowati, 2021). These findings indicate its strong potential as a valuable local compost material with agronomic benefits. 
Sweet corn is an important horticultural commodity due to its high adaptability, yield potential, and increasing market demand (Karanam et al., 2024). Studies have reported that combining organic and nitrogen fertilizers can significantly improve sweet corn growth and yield (Pangaribuan et al., 2017). Furthermore, Hu et al. (2025) showed that substituting nitrogen fertilizers with bio-organic amendments in sweet corn cultivation improved nitrogen uptake efficiency, reduced N surplus, and enhanced grain quality. However, research on the use of local weeds such as S. trilobata as an organic fertilizer for sweet corn cultivation in Indonesia remains very limited.
Despite evidence of the benefits of organic–inorganic fertilizer substitution in various crops, there is still a lack of empirical research on the utilization of S. trilobata compost in sweet corn cultivation under Indonesian agroecosystems. This knowledge gap limits the development of locally available organic fertilizer strategies that could reduce dependence on synthetic inputs. Therefore, the present study aimed to evaluate the effects of S. trilobata compost application, in combination with synthetic nitrogen fertilizer, on soil nitrogen and sweet corn growth and yields.

2. materiaLS and methods 
2.1 Soil Sampling
Soil samples were collected in August 2024 from Air Napal District, North Bengkulu Regency, Indonesia. The soil type was classified as Inceptisols, sampled at a depth of 0–20 cm. The samples were air-dried for three days, ground, and sieved through a 5-mm mesh. A total of 10 kg of soil was weighed and placed into each polybag (10 kg per polybag). Prior to use, the soil was analyzed for total soil nitrogen using Kejdahl method , available phosphorus using Bray-I method, pH using pH meter at 1:1 ratio of soil and distilled water, and texture using hygrometric method. The soil contains 2.29% nitrogen (N), 4.34 ppm available phosphorus (P), 0.35 cmol/kg exchangeable potassium (K), 0.64 cmol/kg exchangeable calcium (Ca), and 0.44 cmol/kg exchangeable magnesium (Mg) (Suci et al., 2025)
2.2 Weed Biomass Collection and Compost Preparation
Composting was conducted from June to July 2024 at the composting facility of the University of Bengkulu. Approximately 500 kg of S. trilobata (L.) Pruski biomass was collected from Pantai Panjang, Bengkulu City. The biomass was chopped into 2–5 cm segments and treated with an EM-4 microbial activator diluted in water at a ratio of 10 mL L⁻¹, applied to the 500 kg composting material. In addition, 5 kg of cattle manure was incorporated per 500 kg of biomass. The mixture was moistened with water, thoroughly homogenized, and tightly covered. Composting lasted for 7–8 weeks, with turning every three days and watering as needed to maintain moisture. Mature compost was characterized by a dark brown color, non-clumping texture, and absence of foul odor.
The compost was analyzed for organic C using the Walkley and Black method, while total nitrogen, phosphorus, potassium, calcium, and magnesium were determined via wet digestion. Compost pH was measured using a pH meter with a 1:1 compost-to-distilled water ratio. Additional analyses included sulfur (S), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), C/N ratio, cellulose, lignin, and hemicellulose contents. Weed biomass nutrients were analyzed similarly, excluding pH and C/N ratio. The Sphagneticola (L.) Pruski biomass contains 1.66% nitrogen (N), 0.20% phosphorus (P), 3.06% potassium (K), 0.42% calcium (Ca), and 0.35% magnesium (Mg), while its compost has higher nutrient contents with 2.77% N, 0.69% P, 5.01% K, 2.45% Ca, and 0.97% Mg (Suci et al., 2025)
2.3 Experimental Design and Treatments
The experiment was conducted from June to August 2024 in the plastic greenhouse of the Department of Crop Science, Faculty of Agriculture, University of Bengkulu. A completely randomized design (CRD) was employed with six treatments of S. trilobata compost substitution levels:
P0: Control (no treatment)
P1: 0% compost (100% N, 100% P, 100% K)
P2: 25% compost (75% N, 100% P, 100% K)
P3: 50% compost (50% N, 100% P, 100% K)
P4: 75% compost (25% N, 100% P, 100% K)
P5: 100% compost (0% N, 100% P, 100% K)
Each treatment was replicated four times, with two subsamples per replicate, resulting in a total of 48 plants. Compost was incorporated into the soil one week before planting, and polybags were randomly arranged in the greenhouse. As a note, the 100% N treatment corresponds to a nitrogen application rate of 155 kg N per hectare.
2.4 Cultivation Procedure
Sweet corn var. Bonanza was sown by placing two seeds per polybag at a depth of 3 cm. After sowing, irrigation was applied to maintain soil moisture. Seedling replacement was carried out at one week after sowing (WAS), and thinning was performed at two WAS. Plants were watered daily, while pest and disease management were conducted mechanically or with pesticides when necessary. Harvesting was performed at 85 days after sowing (DAS), when silks were dry and non-sticky.
	Measured variables included plant height, leaf area, stem diameter, leaf greenness, number of leaves, husked cob weight, unhusked cob weight, and kernel sweetness. After harvest, soil samples were collected from each polybag, air-dried, and sieved through a 2-mm mesh. Soil analyses included total N (Kjeldahl method), available P (Bray I method), exchangeable Ca and Mg (EDTA method), and pH (1:1 soil-to-distilled water ratio).
2.5 Data Analysis
Data were subjected to analysis of variance (ANOVA) using SAS OnDemand for Academics at a 5% significance level. Significant effects were further examined using orthogonal contrast tests at the 5% level.

3. results and discussion
	The effects of substituting synthetic N fertilizer with S. trilobata (L.) Pruski compost on vegetative growth parameters, including plant height, leaf area, leaf greenness, stem diameter, and leaf number, are presented in Table 1. In general, compost substitution influenced plant growth, with intermediate substitution levels showing improvements compared to full reliance on synthetic fertilizer or compost alone.
	Yield-related attributes of sweet corn, such as husked cob weights, unhusked cob weight, and kernel sweetness, are summarized in Table 2. The results indicate that partial replacement of synthetic N with S. trilobata compost maintained or improved yield performance, suggesting that compost application can reduce dependence on synthetic inputs without compromising productivity.

Table 1. Influence of S. trilobata (L.) Pruski compost and synthetic fertilizer substitution on vegetative growth traits of sweet corn.
	Treatment
	Plant height (cm)
	Leaf area (cm2)
	Leaf greenness
	Stem diameter (mm)
	Number of leaves

	P0
	60.00
	50.33
	23.44
	4.33
	7.00

	P1
	126.55
	465.89
	52.02
	10.37
	9.00

	P2
	114.20
	522.03
	52.28
	11.21
	8.50

	P3
	134.78
	555.44
	54.01
	8.13
	8.50

	P4
	120.55
	521.29
	55.03
	7.60
	10.00

	P5
	120.88
	497.08
	49.30
	9.93
	8.00

	Contrast
	  Probability 
	 
	 
	 
	 

	P0 - P1
	<.0001
	<.0001
	<.0001
	<.0001
	0.1069

	P0 - P1 - P5
	<.0001
	<.0001
	<.0001
	<.0001
	0.0642

	P0 - P2
	0.0005
	<.0001
	<.0001
	<.0001
	0.2193

	P0 - P3
	<.0001
	<.0001
	<.0001
	<.0001
	0.2193

	P0 - P4
	0.0002
	<.0001
	<.0001
	0.0002
	0.0203

	P0 - P5
	0.0002
	<.0001
	<.0001
	<.0001
	0.4073

	P1 - P2
	0.3511
	0.4948
	0.9591
	0.2542
	0.6764

	P1 - P2 - P3 - P4 - P5
	0.7031
	0.374
	0.8743
	0.0573
	0.7915

	P1 - P3
	0.5318
	0.281
	0.6958
	0.0058
	0.6764

	P1 - P4
	0.6474
	0.5005
	0.5544
	0.0011
	0.4073

	P1 - P5
	0.6652
	0.7032
	0.5929
	0.5496
	0.4073

	P2 - P3
	0.1281
	0.6834
	0.7339
	0.0004
	1

	P2 - P4
	0.6285
	0.9927
	0.5888
	<.0001
	0.2193

	P2 - P5
	0.6111
	0.7604
	0.5583
	0.0907
	0.6764

	P3 - P4
	0.2847
	0.6767
	0.8398
	0.4696
	0.2193

	P3 - P5
	0.2955
	0.4782
	0.3588
	0.0216
	0.6764

	P4 - P5
	0.9802
	0.7673
	0.2665
	0.0044
	0.1069


Note: P0 = Control; P1 = 0% compost + 100% N; P2 = 25% compost + 75% N; P3 = 50% compost + 50% N; P4 = 75% compost + 25% N; P5 = 100% compost + 0% N.

Substituting synthetic N fertilizer with S. trilobata compost significantly influenced the vegetative growth of sweet corn (Table 1). Compared to the control (P0), all fertilized treatments showed substantial improvements. Plant height increased by 111% in P1 (100% synthetic fertilizer), 90% in P2 (25% compost + 75% N), and 125% in P3 (50% compost + 50% N). Similarly, leaf area expanded markedly, with P2 and P3 showing increases of 938% and 1,004%, respectively, compared to P0.
Leaf greenness also improved, rising by more than 120% in all fertilized treatments relative to the control. Stem diameter increased most notably in P2 (159% higher than P0), whereas leaf number showed a modest response, with the highest increase in P4 (43% higher than P0).
When compared with the 100% synthetic fertilizer treatment (P1), partial substitution with compost maintained or even enhanced certain traits. At P3, plant height was 6.5% higher and leaf area 19% greater than P1. Leaf greenness was also slightly higher at P3 and P4 (3.8% and 5.8%, respectively). In contrast, stem diameter decreased in P3 and P4 compared to P1, indicating that compost alone did not fully compensate for stem thickening supported by synthetic inputs.
Overall, partial substitution (25–50% compost) produced growth responses comparable or superior to synthetic fertilizer alone, suggesting a synergistic effect of combining organic and inorganic nutrient sources.

Table 2. Effects of S. trilobata (L.) Pruski compost, synthetic fertilizer, and their combinations on yield attributes of sweet corn.
	Treatment
	Husked Cob weight (g)
	Unhusked Cob weight (g)
	Sweetness level (brix)

	P0
	3.63
	0.00
	0.00

	P1
	181.64
	135.95
	14.00

	P2
	173.43
	137.51
	13.25

	P3
	212.07
	161.53
	15.00

	P4
	174.18
	124.65
	13.75

	P5
	124.80
	86.33
	12.25

	Contrast
	  Probability
	 
	 

	P0 - P1
	<.0001
	<.0001
	<.0001

	P0 - P1 - P5
	<.0001
	<.0001
	<.0001

	P0 - P2
	<.0001
	<.0001
	<.0001

	P0 - P3
	<.0001
	<.0001
	<.0001

	P0 - P4
	<.0001
	<.0001
	<.0001

	P0 - P5
	<.0001
	0.0001
	<.0001

	P1 - P2
	0.7034
	0.9311
	0.5693

	P1 - P2 - P3 - P4 - P5
	0.5387
	0.5559
	0.6739

	P1 - P3
	0.1689
	0.1677
	0.4496

	P1 - P4
	0.7295
	0.5336
	0.8489

	P1 - P5
	0.0154
	0.0121
	0.1929

	P2 - P3
	0.0854
	0.1938
	0.1929

	P2 - P4
	0.972
	0.4793
	0.7037

	P2 - P5
	0.0343
	0.0101
	0.4496

	P3 - P4
	0.0912
	0.0529
	0.3467

	P3 - P5
	0.0007
	0.0005
	0.0476

	P4 - P5
	0.0319
	0.0451
	0.2614


Note: P0 = Control; P1 = 0% compost + 100% N; P2 = 25% compost + 75% N; P3 = 50% compost + 50% N; P4 = 75% compost + 25% N; P5 = 100% compost + 0% N.

The application of S. trilobata compost, either alone or in combination with synthetic fertilizer, markedly affected sweet corn yield attributes (Table 2). Compared to the control (P0), all fertilized treatments produced very significant improvements. Husked cob weight increased by more than 48-fold under P1 and by nearly 59-fold under P3. A similar trend was observed in unhusked cob weight, where P3 reached 161.53 g, compared with zero yield in the control. Kernel sweetness also increased substantially, with P3 achieving 15.0°Brix.
Relative to 100% synthetic fertilizer (P1), partial substitution with compost yielded comparable or superior performance. At 50% substitution (P3), husked cob weight was 16.7% higher, and unhusked cob weight was 18.8% greater than P1. Kernel sweetness at P3 was also slightly higher (7.1% increase) compared with P1. In contrast, the 100% compost treatment (P5) reduced husked cob weight by 31.3% and unhusked cob weight by 36.5% relative to P1, although sweetness was only modestly affected (12.5% lower).
Overall, partial substitution, particularly at 50% compost (P3), consistently enhanced both yield and quality, outperforming synthetic fertilizer alone. These results demonstrate that integrating compost with synthetic N not only sustains yield but can also improve grain quality attributes such as sweetness.

Table 3. Effects of S. trilobata (L.) Pruski compost and synthetic fertilizer substitution on post-harvest soil nitrogen content
	Treatment
	N (%)

	P0
	0.28

	P1
	0.26

	P2
	0.27

	P3
	0.31

	P4
	0.33

	P5
	0.35

	Contrast
	Probability

	P0 - P1
	0.406

	P0 - P1 - P5
	0.1014

	P0 - P2
	0.6326

	P0 - P3
	0.1314

	P0 - P4
	0.0119

	P0 - P5
	0.0018

	P1 - P2
	0.7196

	P1 - P2 - P3 - P4 - P5
	0.0028

	P1 - P3
	0.0257

	P1 - P4
	0.0018

	P1 - P5
	0.0003

	P2 - P3
	0.0535

	P2 - P4
	0.0041

	P2 - P5
	0.0006

	P3 - P4
	0.2398

	P3 - P5
	0.0535

	P4 - P5
	0.406


Note: P0 = Control; P1 = 0% compost + 100% N; P2 = 25% compost + 75% N; P3 = 50% compost + 50% N; P4 = 75% compost + 25% N; P5 = 100% compost + 0% N.

Substituting synthetic N fertilizer with S. trilobata compost had a pronounced effect on residual soil nitrogen content (Table 3). Compared with the control (P0, 0.28%), soil N decreased slightly under 100% synthetic fertilizer (P1), by 7.1%, and under 25% compost substitution (P2), by 3.6%. In contrast, higher compost proportions enhanced soil N content. At 50% substitution (P3), soil N was 10.7% higher than the control, while at 75% substitution (P4) and 100% compost (P5), soil N increased by 17.9% and 25.0%, respectively, relative to P0.
Relative to 100% synthetic fertilizer (P1), the improvement was even more notable. Soil N rose by 19.2% in P3, 26.9% in P4, and 34.6% in P5 compared with P1. These results indicate that higher levels of compost substitution not only replenish but also improve soil N status compared with synthetic fertilizer alone.
Collectively, the findings suggest that S. trilobata compost plays a critical role in enhancing soil nitrogen content, with the highest benefits observed at 75–100% substitution levels. This highlights its potential contribution to sustaining soil fertility and reducing N depletion in sweet corn cultivation systems.
The present study demonstrated that the unfertilized control (P0) consistently produced the lowest values across all growth and yield parameters. Orthogonal contrast analysis confirmed highly significant differences (p < 0.0001 to p < 0.0018) between P0 and all fertilized treatments (P1–P5). This finding emphasizes the essential role of nutrient inputs in supporting sweet corn growth and productivity. In the absence of adequate nutrients, plants experience severe deficiencies, as indicated by pale leaves, thin stems, and poorly developed ears (Gao et al., 2020; C. Wang et al., 2024).
When comparing 100% synthetic N fertilizer (P1) with 100% compost (P5), significant differences were observed in cob weight and sweetness (p = 0.0154), with P5 performing markedly lower. This result highlights the limitations of compost when used as a sole nutrient source, particularly in the short term. Synthetic N fertilizers are readily available and thus rapidly stimulate chlorophyll formation, photosynthesis, and assimilate production. In contrast, organic fertilizers are slow-release, requiring microbial mineralization before nutrients become available. Consequently, nutrient release from compost often fails to align with crop critical growth stages (Fahrurrozi et al., 2019). These findings suggest that substitution, rather than full replacement, represents a more rational fertilization strategy. Pei et al. (2023), for instance, reported that substituting 20% of synthetic N with cattle manure maintained yields while reducing N₂O emissions by 6.65% and increasing soil organic carbon stocks by 48.08%. However, excessive substitution (≥50–100%) can compromise yields due to insufficient immediately available N. The best results in this study were obtained under P3 (50% compost + 50% N), which combined the complementary advantages of organic and inorganic fertilizers. Synthetic N fertilizer ensures rapid nitrogen availability during the early growth of sweet corn with compost serving a sustained release of N thereafter. Compost also supplies macro- and micronutrients and enhances soil properties such as cation exchange capacity, water retention, and microbial activity (Wang et al., 2024). This synergy supports the concept of integrated nutrient management for sustainable fertilization. Similarly, Rangaiah et al. (2024) demonstrated that integrating NPK fertilizers with farmyard manure based on a Soil Test Crop Response approach not only improved sweet corn yield but also enhanced fertilizer efficiency and economic returns compared to general recommendations.
Beyond dosage and integration, the quality of the organic material itself plays a critical role. Compost derived from S. trilobata has been shown to improve Inceptisols chemical properties, enhancing N, P, organic C, Ca, and pH (Suci et al., 2025). Nevertheless, its effectiveness depends on nutrient composition, degree of decomposition, and C/N ratio. As emphasized by Zapałowska & Jarecki (2024), low-quality or contaminated compost is ineffective in replacing synthetic N fertilizer.
Nutrient release from compost is largely governed by microbial activity, and synchronizing mineralization with crop nutrient demand is key. A mismatch between nutrient release and the critical reproductive phase of sweet corn may reduce cob weight and sweetness, as observed under P5. This limitation occurs because nitrogen demand during generative stages is not adequately met (Iqbal et al., 2019).
[bookmark: _GoBack]Despite these short-term challenges, integrating organic fertilizers provides long-term ecological benefits. Organic amendments enhance soil carbon sequestration, improve soil quality, and contribute to sustainability (Li et al., 2023). He et al. (2022) further demonstrated that “partial substitution of chemical fertilizers with commercial organic amendments improved soil fertility, nutrient availability, and nitrogen use efficiency in wheat, thereby supporting more sustainable productivity”.
Taken together, the findings of this study indicate that the most effective fertilization strategy for sweet corn is the partial substitution of synthetic N with organic compost in balanced proportions. This approach not only improves yield and quality but also enhances soil fertility, fertilizer efficiency, and environmental sustainability.

4. Conclusion
This study demonstrated that fertilization plays a crucial role in enhancing sweet corn growth and yield. The unfertilized control (P0) produced the poorest performance, while sole compost application (P5) improved soil potential but could not match synthetic N in supporting yield. The best results were obtained with a balanced substitution (P3: 50% compost + 50% N), which combined the rapid nutrient availability of synthetic fertilizer with the soil-improving effects of compost. Therefore, partial substitution of synthetic N with S. trilobata compost is recommended as a sustainable fertilization strategy to improve sweet corn productivity while maintaining soil health.
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