SYNERGISTIC EFFECTS OF CATTLE MANURE AND MYCORRHIZAL INOCULATION ON GROWTH, YIELD, AND SOIL BIOLOGICAL ACTIVITY OF SWEET CORN (Zea mays L. var. saccharata) GROWN IN SANDY SOILS
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ABSTRACT

	Aims: To evaluate the synergistic effects of cattle manure and mycorrhizal inoculation on the growth, yield, and soil biological activity of sweet corn grown in sandy soils.
Study Design: The study was conducted following a Randomized Block Design (RBD).
Place and Duration of Study: The study was carried out in Moncok Village, Ampenan District, Mataram City, Indonesia, from February to July 2025.
Methodology: This study evaluated the effects of five treatments combining cattle manure and mycorrhizal inoculation as follows: P0, control (without cattle manure or mycorrhiza); P1, cattle manure at 10 t ha⁻¹ without mycorrhiza; P2, mycorrhiza at 3 t ha⁻¹ without cattle manure; P3, a combination of cattle manure at 5 t ha⁻¹ and mycorrhiza at 1.5 t ha⁻¹; and P4, a combination of cattle manure at 10 t ha⁻¹ and mycorrhiza at 3 t ha⁻¹. The measured parameters included plant height, number of leaves, fresh and dry ear weight per plant, fresh ear weight per plot, fresh and dry biomass weight per plot, as well as mycorrhizal spore density and root colonization.
Results: The combined application of cattle manure and mycorrhizal biofertilizer (P4) resulted in a significant increase (P < 0.05) in ear weight and plant biomass compared with other treatments. From a biological perspective, this treatment also significantly enhanced mycorrhizal spore populations and root colonization levels, indicating the establishment of an optimal symbiotic relationship between mycorrhiza and the host plant.
Conclusion: The combination of cattle manure at 10 t ha⁻¹ and mycorrhiza at 3 t ha⁻¹ had a significant effect (P < 0.05) on increasing plant growth, yield, and mycorrhizal activity of sweet corn grown in sandy soil.
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1. INTRODUCTION

Sweet corn (Zea mays L. var. saccharata) is a high-value horticultural crop widely cultivated for fresh consumption due to its superior taste, nutritional quality, and short growing cycle. The demand for sweet corn continues to rise in response to population growth and changing dietary preferences. However, sweet corn productivity is strongly influenced by soil properties, and its cultivation on sandy soils often poses significant agronomic challenges (Sidahmed et al., 2025). Sandy soils are typically characterized by low organic matter content, limited nutrient-holding capacity, poor water retention, and low biological activity, all of which collectively constrain crop growth and yield (de Holanda et al., 2025; Naorem et al., 2023).
Improving the fertility and productivity of sandy soils requires appropriate soil management strategies, particularly through the application of organic amendments. Cattle manure is one of the most commonly used organic fertilizers due to its availability and its capacity to enhance soil physical, chemical, and biological properties. The application of cattle manure has been shown to improve soil structure, increase organic matter content, enhance nutrient availability, and stimulate microbial activity, thereby promoting better plant growth and yield (Adekiya et al., 2020; Lazcano et al., 2018). In sandy soils, organic amendments are especially important for reducing nutrient leaching and improving soil moisture retention.
In addition to organic fertilizers, arbuscular mycorrhizal fungi (AMF) are widely recognized as effective biological agents that enhance plant nutrient uptake, particularly phosphorus, while improving tolerance to environmental stresses. Mycorrhizal fungi establish a mutualistic symbiosis with plant roots, extending the root absorption zone through extensive hyphal networks and thereby increasing nutrient use efficiency (Smith & Read, 2010). Their role is especially critical in nutrient-poor soils, such as sandy soils, where limited nutrient availability often constrains crop production (Begum et al., 2019).
Recent studies have shown that the combined application of organic fertilizers and mycorrhizal inoculation can produce synergistic effects on soil fertility, plant growth, and crop yield. Organic amendments supply carbon and create favorable conditions for microbial activity, while mycorrhizae enhance nutrient uptake efficiency and root function (Alori et al., 2017; Lehmann et al., 2014). This integrated approach aligns with sustainable agricultural practices by reducing dependence on inorganic fertilizers and improving soil health over time.
Although numerous studies have examined the individual effects of cattle manure or mycorrhizal inoculation on crop performance, information on their combined effects on sweet corn growth, yield, and mycorrhizal activity in sandy soils remains limited, particularly under tropical conditions. Understanding these interactions is essential for developing effective and sustainable soil management strategies for sweet corn cultivation in marginal soils.
Therefore, this study aimed to evaluate the synergistic effects of cattle manure and mycorrhizal inoculation on the growth, yield, and soil biological activity of sweet corn grown in sandy soils.
2. METHODOLOGY

2.1. Time and Place

The study was carried out in Moncok Village, Ampenan District, Mataram City, Indonesia, from February to July 2025.

2.2. Experimental Design

The study was conducted following a Randomized Block Design (RBD). This study evaluated the effects of five combinations of cattle manure and mycorrhizal application, namely: P0, control (without cattle manure and mycorrhiza); P1, cattle manure at 10 t ha⁻¹ without mycorrhiza; P2, mycorrhiza at 3 t ha⁻¹ without cattle manure; P3, a combination of cattle manure at 5 t ha⁻¹ and mycorrhiza at 1.5 t ha⁻¹; and P4, a combination of cattle manure at 10 t ha⁻¹ and mycorrhiza at 3 t ha⁻¹. Each treatment was conducted with four replications.

2.3. Application of Ameliorants and Mycorrhizal Inoculum
Ameliorants were applied according to the respective treatment specifications. The mycorrhizal inoculum (Glomus mosseae) consisted of a composite mixture of soil, colonized root fragments, hyphae, and spores derived from propagation in culture pots. The culture units were prepared using polybags filled with 5 kg of growth medium composed of soil and sterilized manure at a 1:1 (w/w) ratio. Each polybag was inoculated with 40 g of mycorrhizal inoculum and subsequently planted with maize as a host crop. The plants were maintained for 50 days to allow optimal mycorrhizal development (Astiko et al., 2025).
After the propagation period, the plants were harvested and the growth media were air-dried for one week. The dried soil was sieved through a 2 mm mesh, while the roots were finely ground and homogenized with the sieved soil to produce a uniform inoculum. The final product was a powdered mycorrhizal inoculant.
The bioameliorant–mycorrhiza mixture was applied at planting according to the treatment-specific dosage per plant. Cow manure and the powdered mycorrhizal inoculum were uniformly incorporated into the soil at an approximate depth of 10 cm to establish a consistent amendment layer. The mycorrhizal strain used in this study was an indigenous isolate originating from North Lombok, maintained in a private collection.
2.4. Fertilization

Basal fertilization was applied at 50% of the recommended inorganic fertilizer rate, equivalent to 175 kg ha⁻¹ urea and 125 kg ha⁻¹ Phonska (Astiko et al., 2016). The inorganic fertilizers were administered in two equal split applications: the first at t DAP and the second at 14 DAP. Sweet corn was planted at a spacing of 60 × 40 cm, with two seeds sown per planting hole.

2.5. Observation Parameters

Plant height and leaf number were recorded at 14, 28, 42, and 56 DAP using three representative plants per treatment. Fresh and dry stover biomass (air-dried for seven days) was determined on a per-plot basis at 56 DAP. Cob length was measured from the apex to the base (cm) at 56 DAP. In addition, fresh and dry cob weights were assessed per plant at harvest.

The percentage of root colonization at 42 and 56 DAP was evaluated using the clearing and staining procedure described by Kormanik and Graw (1982). Quantification of mycorrhizal infection was performed using the gridline intersect method (Giovannetti and Mosse, 1980), with observations conducted under a stereomicroscope at 40× magnification. Mycorrhizal spore counts were determined using the wet sieving and centrifugation technique as described by Brundrett, 1996.

2.6. Statistical Analyses

All measured variables were subjected to two-way analysis of variance (ANOVA). When significant treatment effects were detected, mean comparisons were performed using Tukey’s Honestly Significant Difference (HSD) test at the 5% significance level.

3. RESULTS AND DISCUSSION

3.1. Plant Height

The height of sweet corn plants in response to the application of cow manure and indigenous arbuscular mycorrhizal inoculant was measured at 14, 28, 42, and 56 DAP. Analysis of variance (ANOVA) revealed significant differences (p < 0.05) among treatments across all observation periods, indicating that the application of organic amendments and biological agents has a substantial effect on the vegetative growth of sweet corn (Figure 1).
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Figure 1. Sweet Corn Plant Height under Different Treatments
The consistent increase in sweet corn plant height under the combined application of cow manure and mycorrhizae (P4) indicates a positive synergistic effect between improved soil properties and enhanced nutrient absorption efficiency. Cow manure serves as both a nutrient source and a soil conditioner, enhancing soil structure, aeration, cation exchange capacity, and water retention, thereby creating a more favorable environment for root development (Brady & Weil, 2008; Yong et al., 2012). Simultaneously, arbuscular mycorrhizae extend the effective root absorption area through external hyphae, particularly facilitating the availability and uptake of phosphorus and water (Jiang et al., 2021; Smith et al., 2011).
The synergistic interaction between cow manure and mycorrhizae created improved edaphic and physiological conditions that facilitated stem cell division and elongation, thereby promoting vertical plant growth (Ahmed et al., 2025; Wei et al., 2024). This mechanism explains why the combined treatment resulted in greater plant height compared to either the single treatments or the control. These findings are consistent with previous studies reporting that the combined application of organic fertilizers and mycorrhizae effectively enhances corn growth by improving soil quality and nutrient uptake efficiency (Ren et al., 2021; Hazra et al., 2019; Bilalis and Karamanosa, 2010).
3.2. Number of Leaves
Based on observations at 14, 28, 42, and 56 DAP, the application of cow manure and mycorrhizae had a significant effect on the number of leaves of sweet corn plants (P < 0.05). The number of leaves increased progressively with plant age, reflecting increasingly optimal vegetative growth (Figure 2).
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Figure 2. Sweet Corn Leaf Number under Different Treatments
The highest dose combination treatment (P4: 10 t/ha cow manure + 3 t/ha mycorrhizae) produced the greatest number of leaves throughout the observation period, whereas the control treatment (P0) exhibited the lowest. Results of the 5% HSD test indicated significant differences among treatments, confirming that increasing the dose of the cow manure–mycorrhizae combination significantly enhanced leaf production in sweet corn plants.
The increase in leaf number reflects enhanced vegetative growth resulting from improved nutrient availability and uptake efficiency. Cow manure supplies organic matter and essential macronutrients, particularly nitrogen, which supports chlorophyll synthesis and promotes photosynthetic activity, thereby accelerating leaf development (Irin & Hasanuzzaman, 2024; Kubar et al., 2022). Meanwhile, arbuscular mycorrhizae enhance phosphorus uptake by extending the effective root absorption area through external hyphae, a mechanism that is especially beneficial in nutrient-poor sandy soils (Liang et al., 2022; Etesami, 2019).
The synergistic interaction between manure and mycorrhizae promotes a more active rhizosphere and supports sustainable nutrient mineralization, leading to enhanced leaf development (Bargaz et al., 2018; Li et al., 2019). This mechanism explains why the combined treatment produced a greater number of leaves compared to either the single treatments or the control. These results are consistent with previous studies demonstrating that the combined application of organic fertilizers and mycorrhizae effectively enhances vegetative growth in corn by improving soil quality and nutrient uptake efficiency (Gao et al., 2020; Chen et al., 2024).
3.3. Yields

The results presented in Table 1 indicate that treatment P4, a combination of 10 t/ha cow manure and 3 t/ha mycorrhizal biofertilizer, consistently produced the highest values for all three measured parameters. Fresh cob weight increased significantly from 65 g in the control treatment (P0) to 236.66 g in P4, representing a 264.09% increase. Similar trends were observed for dry cob weight (342.76% increase) and yield per plot (116.07% increase). This substantial yield improvement is likely attributable to the synergistic effects of cow manure and mycorrhizae, which enhance soil structure, increase water-holding capacity, and improve nutrient uptake efficiency by the plants.
Table 1. Average Observations of Sweet Corn Yield Parameters
	Treatments
	WWC
	WDC
	WWCP

	P0: (without cattle manure and mycorrhiza)
	65.00 e
	22.66 e
	3.36 e

	P1: cattle manure at 10 t ha⁻¹
	107.33 d
	41.00 d
	4.40 d

	P2: mycorrhiza at 3 t ha⁻¹
	147.33 c
	57.33 c
	5.83 c

	P3: cattle manure 5 t ha⁻¹ + mycorrhiza at 1.5 t ha⁻¹
	203.66 b
	83.66 b
	6.60 b

	P4: cattle manure 10 t ha⁻¹ + mycorrhiza 3 t ha⁻¹
	236.66 a
	100.33 a
	7.26 a

	HSD 5%
	8.65
	6.75
	0.38


Description: The mean values followed by the same letter in the same column are not significantly different according to the 5% HSD test
Arbuscular mycorrhizae play a pivotal role in enhancing sweet corn yield by establishing a mutualistic symbiotic relationship with plant roots. This association extends the root absorption zone through an external hyphal network, thereby improving the availability and uptake of nutrients-particularly phosphorus-which is essential for ATP production, cell division, and grain filling (Nie et al., 2024). In addition, mycorrhizae enhance water use efficiency and support plant adaptation to environmental stresses, such as drought and low soil fertility, conditions that are commonly encountered in sandy soils (Tang et al., 2022).
Cow manure, as a source of organic matter, not only supplies macro- and micronutrients but also enhances the physical, chemical, and biological properties of the soil (Dhaliwal et al., 2019). The incorporation of organic matter improves soil aggregation, water-holding capacity, and cation exchange capacity, thereby creating more favorable conditions for root development, cob growth, and grain filling. Moreover, the combined application of cow manure and mycorrhizae stimulates the activity of soil microorganisms involved in organic matter decomposition and nutrient mineralization, ensuring more stable and sustainable nutrient availability for plants (Duan et al., 2021; Hidalgo et al., 2022).
The synergistic interaction between cow manure and mycorrhizae is reflected in enhanced yield parameters, including wet cob weight, dry cob weight, and yield per plot. Treatment P4 exhibited the highest performance by optimizing nutrient availability, nutrient uptake efficiency, and the edaphic conditions of sandy soil, which are typically limiting to plant productivity (Muktiyanta et al., 2018; Astiko et al., 2013). These results indicate that the combined application of cow manure and mycorrhizae holds substantial potential as a sustainable, environmentally friendly, and locally based soil management strategy to increase sweet corn yield (Shah and Wu, 2019; Abd El-Fattah et al., 2023).
3.4. Wet abd Dry Biomass Weight
Measurements of wet and dry biomass were conducted 56 days after planting to evaluate the response of plants to different types of organic ameliorants based on cow manure and mycorrhizal biofertilizer. Analysis of the results revealed significant differences among treatments, as determined by the HSD test at the 5% significance level.
As shown in Figure 3, the treatment without ameliorant (P0) produced the lowest wet and dry biomass, at 3.43 kg and 2.57 kg per plot, respectively. In contrast, treatment P4—a combination of 10 t/ha cow manure and 3 t/ha mycorrhizal biofertilizer—resulted in the highest biomass, with wet biomass reaching 8.60 kg and dry biomass 7.32 kg per plot.
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Figure 3. Wet and Dry Biomass Weight of Sweet Corn per Plot (kg) at 56 DAP

The significant increase in biomass observed in the P4 treatment indicates that the combination of cow manure and mycorrhizae effectively improves soil physical properties, enhances nutrient availability, and supports vegetative plant growth (Ayamba et al., 2021; Adekiya et al., 2020). Mycorrhizae contribute to increased water and nutrient uptake-particularly phosphorus, which is critical for biomass formation-by expanding the effective root absorption area through external hyphal networks (Siddiqui & Pichtel, 2008; Itoo & Reshi, 2013). Treatments P1 to P3 also resulted in higher biomass compared to the control, demonstrating that the application of ameliorants at various doses positively influences plant growth, albeit with varying degrees of effectiveness. Overall, the more balanced and comprehensive the composition of the bioameliorants, the greater the resulting plant biomass (Astiko et al., 2022).
The increase in wet and dry biomass of sweet corn plants under bioameliorant treatments involving cow manure and mycorrhizae indicates that organic farming approaches are effective in promoting plant growth on sandy soils (Astiko et al., 2023; Orosz et al., 2009). Cow manure serves as a source of organic matter that enhances the physical properties of sandy soils, particularly by improving water-holding capacity and nutrient availability, which are typically low in this soil type (Herawati et al., 2021; Rayne and Aula, 2020).
The presence of mycorrhizae significantly promotes biomass growth by enhancing soil biological activity and expanding functional root systems, thereby optimizing the efficiency of water and nutrient uptake, particularly phosphorus (Wahab et al., 2023; Chandrasekaran, 2022). Furthermore, the synergy between organic matter and mycorrhizae supports the formation of more stable soil aggregates, which improves soil structure and creates more favorable conditions for root development (Daynes et al., 2013).
This finding is consistent with previous studies reporting that the application of a combination of organic materials and biological agents in sandy soils enhances soil microbial activity, improves aggregate stability, and increases the efficiency of nutrient uptake by plants, thereby directly contributing to higher plant biomass and productivity (Astiko et al., 2025a).
3.5. Number of Spores and Colonization

The number of spores and the percentage of root colonization are key indicators of the success of mycorrhizal application, as they reflect the ability of mycorrhizae to develop and establish a functional symbiosis with plants. Observations at 42 and 56 DAP revealed highly significant differences among treatments (p < 0.05). The control treatment (P0) exhibited the lowest spore counts and colonization rates, with 544 and 852 spores per 100 g of soil, and colonization rates of 23.70% and 46.02%, respectively. In contrast, treatment P4 (10 t/ha cow manure + 3 t/ha mycorrhizal biofertilizer) produced the highest values, with 1,425 and 4,566 spores per 100 g of soil, and colonization rates of 90.11% and 95.72% at 42 and 56 DAP, respectively (Table 2).
Table 2. Average spore count (spores per 100 g of soil) and colonization rate (% colonization) at 42 and 56 DAP
	Treatments
	Number of spores
	Colonization

	
	42 dap
	56 dap
	42 dap
	56 dap

	P0: (without cattle manure and mycorrhiza)
	544.82e
	852.32e
	23.70e
	46.02e

	P1: cattle manure at 10 t ha⁻¹
	812.54d
	1426.21d
	63.22d
	76.15d

	P2: mycorrhiza at 3 t ha⁻¹
	991.52c
	1851.83c
	71.50c
	81.22c

	P3: cattle manure 5 t ha⁻¹ + mycorrhiza at 1.5 t ha⁻¹
	1127.66b
	2575.22b
	81.21b
	86.44b

	P4: cattle manure 10 t ha⁻¹ + mycorrhiza 3 t ha⁻¹
	1425.87a
	4566.20a
	90.11a
	95.72a

	HSD 5%
	25.05
	8.67
	2.16
	1.63


Description: The mean values followed by the same letter in the same column are not significantly different according to the 5% HSD test

The increase in spore count and root colonization under organic matter-based treatments indicates that enhanced soil conditions support optimal mycorrhizal development and activity. The availability of carbon from organic matter, combined with improved soil structure, creates a favorable environment for spore production, hyphal growth, and root tissue penetration. These conditions promote greater soil biological activity and improve nutrient uptake efficiency, particularly for phosphorus and nitrogen (Astiko et al., 2025b; Astiko et al., 2025c).
Furthermore, the increase in spore number and root colonization across all treatments from 42 to 56 DAP indicates a strengthening of the symbiotic relationship between mycorrhizae and plants over time. The highest response observed in the P4 treatment confirms the synergistic interaction between organic matter and mycorrhizae in enhancing mycorrhizal population, colonization, and functional activity within the plant rhizosphere (Zhou et al., 2020).
These findings highlight the importance of integrating local organic matter with mycorrhizal biofertilizer in sustainable agricultural systems. The elevated spore counts and colonization rates observed in the P4 treatment demonstrate that bio-based soil management not only enhances sweet corn growth and productivity but also contributes to the improvement and regeneration of overall soil biological activity (Igiehon and Babalola, 2017).

4. CONCLUTION AND RECOMMENDATIONS

 4.1. Conclusion
Based on the analysis and discussion, the following conclusions were reached:
1. The application of a combination of cow manure (10 t/ha) and mycorrhizal biofertilizer (3 t/ha) (treatment P4) significantly enhanced the vegetative growth of sweet corn, as evidenced by greater plant height and an increased number of leaves compared to the control and other treatments.
2. Treatment P4 produced the highest wet and dry biomass, at 8.60 kg/plot and 7.32 kg/plot, respectively, at 56 days after planting, as well as the highest mycorrhizal spore count and root colonization, with 4,566 spores per 100 g of soil and 95.72%, respectively.
3. The observed increases in plant height, leaf number, biomass, spore count, and root colonization indicate that the integration of local organic matter and mycorrhizae significantly enhances the physical, chemical, and biological properties of sandy soils, thereby supporting vegetative growth and overall plant productivity.

4.2. Suggestions 

Based on the conclusions, the following strong suggestions are proposed:
1. Field-Scale Validation and Multi-Season Trials: Future research should evaluate the combined application of cow manure (10 t/ha) and mycorrhizal biofertilizer (3 t/ha) under larger field conditions and across multiple growing seasons to verify its consistency, agronomic efficiency, and economic feasibility in different sandy soil environments.
2. Comprehensive Soil Quality Assessment: Further studies should include detailed analyses of post-harvest soil physicochemical and biological properties to better quantify long-term improvements in soil health, nutrient dynamics, and sustainability resulting from the integrated use of organic matter and mycorrhizae.
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