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Abstract. Wadi A, Akhsan F, Basri. 2025. Effect of organic manure on growth and yield of dwarf late napiergrass on rocky marginal 

land. Asian J Agric 9: 727-738. The use of organic manure is a sustainable strategy to improve forage production on low-fertility soils. 

This study evaluated the effect of different manure application levels on the growth and yield of Dwarf Late napiergrass (DL 

Napiergrass) cultivated on marginal land under a cut-and-carry system. The field experiment was conducted over two years in Galung 

Village, Barru District, South Sulawesi, Indonesia, using a randomized block design with four manure treatments: control (0.00), low 

(1.38), medium (2.88), and high (4.67 g N m-² per application), replicated three times. Manure was applied five times annually, and 

growth parameters, dry matter yield, nutrient content, and soil characteristics were measured. Data were analyzed using ANOVA and 

Duncan's Multiple Range Test (DMRT), while regression analysis assessed the relationship between Leaf Area Index (LAI) and Crop 

Growth Rate (CGR). Results showed that manure application significantly (P<0.05) enhanced plant height, tiller number, dry matter 

yield, and nutrient uptake compared with the control. The highest biomass production was obtained with high-level manure, yielding 

33.98 tons/ha/year in the first year and 21.84 tons/ha/year in the second. Soil pH, nitrogen, and phosphorus also improved under manure 

treatments. LAI and CGR were strongly correlated, while the leaf blade-to-stem ratio remained unchanged. In conclusion, applying 4.67 

g N m-² of organic manure per cycle is recommended to optimize DL Napiergrass productivity and soil fertility on marginal land, 

contributing to sustainable livestock feed production. 
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INTRODUCTION 

Marginal land areas with limited agricultural value due 

to poor soil quality, adverse ecological conditions, or 

geotechnical hazards holds significant potential for forage 

production. Rocky infertile soils, lacking essential nutrients 

and organic matter, exemplify such marginal land Previous 

studies have shown that marginal land can increase 

livestock production through the development of pastures 

(Guimarães et al. 2022), mitigate environmental problems 

through forage cultivation (Zegada‐Lizarazu et al. 2022), 

and support rural economies by producing energy without 

competing with food production (Ali et al. 2024). 

Dwarf Late Napiergrass (DL Napiergrass), a fast-

growing perennial forage, enables continuous high-quality 

feed supply through multiple annual harvests. As a tropical 

feed crop, DL Napiergrass is widely known for the high 

biomass yield, with a crude protein content of 10-15% and 

a digestibility rate of dry matter above 70% (Utamy et al. 

2021). It also has good adaptability to winter conditions 

and better ensilage ability compared to sorghum and 

sudangrass (Fukagawa et al. 2016). The high leaf-to-stem 

ratio provides a higher nutritional value, as the leaf 

contains more digestible nutrients compared to the stem 

(Rahman et al. 2019). However, DL Napiergrass may be 

inadequate when used as a sole feed, limiting the 

production of ruminant livestock (Islam et al. 2024). 

Despite its limitations, this economical grass requires fewer 

inputs for high biomass on marginal land and serves as 

bioenergy feedstock (Sacristán et al. 2021). The strong root 

system also contributes to improved soil health over time 

by enhancing the structure and nutrient retention (Bates et 

al. 2022). 

Livestock manure, rich in nutrients and organic matter, 

enhances soil phosphoric acid content and availability 

while supporting sustainable grassland ecosystems (Lu et 

al. 2020). Livestock manure, an eco-friendly organic 

fertilizer, improves soil physical, chemical, and biological 

properties while enhancing plant growth, with long-term 

use significantly increasing nitrogen and phosphorus levels 

(Kolbe 2022). Livestock manure increases DL Napiergrass 

dry matter yield proportionally to application rates, 

outperforming mineral fertilizers by 7.6% in acidic, humid 

climates (Du et al. 2020). Chicken manure achieves the 

highest crop productivity, while long-term livestock manure 

application improves soil organic matter and nutrient 

availability to sustain high yields (Ning et al. 2022). 

Marginal land in Indonesia remains underused due to 

poor soil quality, nutrient deficiencies, and water 

limitations, necessitating significant attention (Leroy et al. 

2022). Manure application on low-yield, nutrient-deficient 

marginal land is a common practice to improve soil 

physical, chemical, and biological properties (Selim 2020). 

In general, productivity is limited in degraded and 

contaminated marginal land (Ning et al. 2022). Traditional 

agricultural management on marginal land is often 
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hampered by low nutrient levels and poor soil structure 

(Jayawardena et al. 2023). Integrated manure and 

conventional fertilizer application in napiergrass 

plantations significantly improves soil fertility, nutrient 

availability, microbial activity, and crop productivity 

(Dhaliwal et al. 2021). 

While DL Napiergrass shows high production potential, 

meeting rising livestock feed demands on marginal land 

requires fertilization beyond the 4.67 g N/m² baseline, 

warranting further research on effective strategies (Pereira 

et al. 2022). Napiergrass is a type of grass widely used in 

tropical countries as ruminant animal feed (Tresia et al. 

2024). DL Napiergrass, valued for its high biomass and 

crude protein content, thrives on low-fertility marginal land 

(Jayawardena et al. 2023). However, the production 

potential can be optimized with proper maintenance 

management (Scordia et al. 2022). Low-quality grass 

production stems from inadequate nutrition, necessitating 

balanced nutrient management (Scordia et al. 2022). 

Livestock manure application is a potential strategy to 

enhance DL Napiergrass productivity and improve 

marginal land functionality. However, the approach has not 

been widely investigated by previous studies. Samara et al. 

(2020) reported that crop productivity can be increased 

with livestock manure, but excessive use may also cause 

nutrient imbalance. The study only focused on corn crops 

and not marginal land, underscoring the need to determine 

the appropriate dosage of livestock manure in the 

cultivation of DL Napiergrass on marginal land. Therefore, 

this study aims to determine the appropriate dosage of 

livestock manure used in the maintenance of DL 

Napiergrass planted on marginal land to increase 

productivity, Total Nitrogen (T-N), and Total Phosphoric 

acid (T-P) content. It was assumed that the higher the 

concentration of manure used, the greater the growth and 

production of DL Napiergrass. 

MATERIALS AND METHODS 

Study area 

This study was conducted in an experimental field in 

Galung Village, within the Barru District, South Sulawesi 

Province, Indonesia. The location was selected as one of 

the areas with marginal land in Galung Village, and the 

climate was tropical. The initial condition of marginal land 

is presented in Table 1.  

Procedures 

Planting method 

This study was conducted for two years under natural 

environmental conditions. DL Napiergrass was cultivated 

by transplanting stem cuttings on two plants per square 

meter in November 2021 until October 2023. The plot was 

set in a Latin square arrangement for manure application 

with a size of 3×3 meter. The total plots used are 12 plots.  

Study design 

The study uses a randomized complete block that is 

designed based on the year of plant growth and production 

measurements, characterized by three levels of manure 

application, each replicated three times. Manure was 

applied at four different levels, namely 0.00 (control), 1.38 

(low), 2.88 (medium), and 4.67 (high) g N m-² time-¹. 

Application to DL Napiergrass was consistent over the two 

years, with five times in the first year and five times in the 

second year. Fertilization is carried out five times a year to 

align with the growth cycle of DL Napiergrass, ensuring 

consistent nutrient availability during critical growth 

phases. Manure used was compost, and the nutrient content 

is presented in Table 2. 

Plant sampling 

Plant sampling was carried out four times during 

defoliation in both years. For each sampling event, three 

plants per plot were selected and cut 10 cm above ground 

level. The same process was carried out for the first, 

second, third, and fourth cuttings during the first and 

second years. 
 

 

Table 1. Fresh weight, water, dry weight, Total Nitrogen (T-N), 

Total Phosphoric acid (T-P), and pH content of soil 

 

Parameter  Content Soil fertility index* 

T-N Content (%) 0.17 0.21-0.5 

T-P Content (%) 3.89 8-10 

T-K Content (%) 0.03 0.4-0.5 

pH 5.00 5.5-6.5 

Note: *: Maro'ah et al. (2022) 

 

 

 

Table 2. Changes in fresh weight, water content, dry weight, Total Nitrogen (T-N), Total Phosphoric acid (T-P), Total Potassium (T-K) 

content, and pH of manure in the first and second years 

 

Year 

Manure 

application 

level 

Fresh weight 

(g) 

Water 

content 

(%) 

Dry weight (g) 

T-N 

content 

(%) 

T-P content 

(%) 

T-K 

content 

(%) 

pH 

First L 500.00±0.00a 26.50±10.81a 367.51±54.14c 0.12±0.04a 2.68±0.79a 0.09±0.05a 9.07±0.15a 

 M 1000.00±0.00a 26.79±10.43a 732.06±104.45b 0.12±0.04a 2.21±0.87a 0.18±0.09a 9.17±0.21a 

 
H 1500.00±0.00a 26.59±10.69a 1101.21±160.75a 0.16±0.05a 2.05±0.89a 0.26±0.14a 9.21±0.23a 

Second L 500.00±0.46a 9.08±0.22a 90.74±0.38a 0.18±0.04a 2.32±0.22a 0.08±0.00a 8.26±0.54a 

 M 1000.00±0.46a 9.06±0.24a 90.74±0.32a 0.16±0.05a 1.36±0.23a 0.16±0.01a 8.22±0.08a 

 H 1500.00±0.37a 9.06±0.19a 90.68±0.33a 0.16±0.05a 1.28±0.25a 0.24±0.02a 8.25±0.63a 

Note: Treatment: L: Low, M: Medium, and H: High manure level. abc: Different superscripts in the same column show noticeable 

differences (P<0.05) 
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Each section of the plant, namely the Leaf Blade (LB), 

the stem including the Leaf Sheath (ST), and the Dead 

portions (D), was carefully separated from the harvested 

plants. These parts were dried at 72°C to determine the dry 

matter weight, then growth traits, including plant height, 

length, and tiller count, were recorded during each 

sampling period. Furthermore, the leaf area was determined 

at each sampling interval using a handheld laser leaf area 

meter, specifically the CI-202 model (PT. Daya Teknik 

Meterindo, Indonesia). 

Sampling of soil 

Soil samples were collected from the border area 

between blocks 0-15 cm below the surface. Sampling was 

conducted with three replications, occurring three times in 

the first year and twice in the second year. 

Chemical analysis of soil 

During the experimental period from June to October, 

the soil pH was monitored monthly using compact pH 

meters (model pH-22, HORIBA Co. Ltd.). Furthermore, 

the chemical characteristics of the soil water, such as the 

levels of anions and cations, were examined using an ion 

analyzer (Model: IA-300, Toa-DKK Co. Ltd.). 

Chemical analysis of plant 

The nitrogen (N) content and total phosphoric acid (P) 

in each plant organ (leaves and stems) were measured over 

two years using a CN analyzer (Model: NC-220F; 

Sumigraph). The temperature used to turn fresh ingredients 

into dry ingredients is 70°C for 3×24 hours, then ground 

and continued at 105°C for 6 hours according to the AOAC 

procedure.  

Data analysis 

Data were tested with Analysis of Variance (ANOVA) 

using Microsoft Excel 2016 to determine the effect of 

treatment on the variables measured. Duncan Multiple 

Range Test (DMRT) was further used to determine the 

difference between treatments.  

To test the relationship between Leaf Area Index (LAI) 

and Crop Growth Rate (CGR), a simple linear regression 

analysis was used. Simple linear regression analysis is used 

to predict a single dependent variable based on a single 

independent variable.  

The regression equation relationship expresses simple 

regression analysis:  

 

Ŷ = α + bX  

 

Where:  

Ŷ: Subject in the predicted dependent variable  

α: Y Value when X value = 0 (constant value)  

b: Direction number or regression coefficient, which 

shows the increase or decrease of the dependent variable 

based on the change of the independent variable. Positive 

(+) when the direction of the line rises, and negative (-) 

when the direction of the line descends.  

X: Subject on an independent variable that has a certain 

value. 

RESULTS AND DISCUSSION 

Soil conditions on marginal land 

Soil conditions on marginal land were better with the 

use of manure in the first and second years. Fresh 

materials, water content, soil dry matter, total nitrogen, and 

total phosphoric tended to be the same in all treatments 

except for fresh weight in the first year. The statistical 

analysis showed that the treatment using manure dosage in 

the maintenance of DL Napiergrass had a significant effect 

(P<0.05) on fresh weight in the first-year measurement. All 

other observed parameters had no significant effect 

(P>0.05). Further test using Duncan showed that the 

medium and high concentrations were significantly 

different from the low and control concentrations. With 

higher concentrations, the weight of fresh DL Napiergrass 

tended to increase. The higher the level of manure, the 

more neutral the soil pH condition, as presented in Table 3. 

By increasing manure concentration, the N and P 

content in the soil decreased due to the ability of plants to 

absorb these elements in the soil. In contrast to the pH 

value, the tendency to increase was observed with higher 

manure concentrations.  

Total Nitrogen (T-N) and Total Phosphoric acid (T-P) 

in dwarf late napiergrass 

The nutrient content of DL Napiergrass in each part 

appeared to be better with the use of manure. Based on the 

results, the Total Nitrogen content (T-N) and Total 

Phosphoric acid (T-P) tended to increase, followed by the 

elevated level of organic fertilizer use, as shown in Table 4. 

The trend of higher T-N and T-P occurred as manure 

concentrations increased. T-N showed the highest value on 

the leaf blade, while T-P was highest on the stem. 

Plant growth with manure application at different levels  

The higher use of manure on marginal land increased 

the growth rate of DL Napiergrass. Plant height, plant 

length, tiller number, and mean tiller weight increased with 

higher levels of manure, as shown in Figure 1. Plant height, 

plant length, tiller number, and mean tiller weight showed 

an increasing trend along with higher manure levels. More 

specifically, plant height and length showed a significant 

difference (P<0.05), specifically in the first three years of 

cutting. However, between medium and low manure 

concentrations did not provide a significant difference 

(P>0.05). The tiller number showed a significant difference 

(P<0.05) between all treatments. The higher the 

concentration, the greater the tiller number. The mean tiller 

number showed an increase (P<0.05) with higher manure 

concentration, specifically in the first cut of the first year. 

Plant production with manure application at different 

levels  

The production of dry matter per part of DL 

Napiergrass increased significantly (P<0,05) with a higher 

amount of manure use (Figure 2). Higher levels of manure 

increased leaf blade, stem, dead, and total dry matter 

weight compared to the treatment without manure. These 

parameters show an increasing trend along with higher 
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concentrations of manure application. Leaf blade, stem, and 

dead, and total dry matter weight showed a significant 

difference (P<0.05) in all treatments except for dead dry 

matter weight. The second-year measurements showed 

almost the same trend for all treatments. 

The total dry matter production on each part of DL 

Napiergrass is shown in Table 5. Leaf blade, stem, dead, 

and total dry matter weight increased with higher levels of 

manure concentrations in the first and second years (Figure 

3). The total dry matter weight at high manure 

concentrations was significantly different compared to 

other treatments in the first and second years. The total dry 

matter weight had the highest value in the high-level 

manure application, at 33.98 tons/ha/year in the first year 

and 21.84 tons/ha/year in the second year. 

Relationship between LAI and CGR 

The higher the use of manure, the greater the LAI and 

the CGR. Meanwhile, the specific leaf area showed the 

same data for all treatments. Graphs of LAI, CGR, the ratio 

of leaf blade to stem, and specific leaf area calculations are 

presented in Figure 4. The LAI and CGR showed different 

results between all treatments. Based on the results, the 

LAI and CGR increased (P<0.05) along with higher 

concentrations of manure. The ratio of leaf blade to stem, 

and specific leaf area showed the same data for all 

treatments, specifically evident in the specific leaf area in 

the second-year measurement. LAI and CGR first and 

second years showed a very close relationship for all 

treatments. R2 is close to the number 1, which shows a 

very strong relationship. The relationship between LAI and 

CGR is presented in Figure 5.  
 

 

Table 3. Variations were observed in the fresh weight, water content, dry weight, total nitrogen (T-N), total phosphoric acid (T-P) 

content, and soil pH levels of the soil in the first and second years 

 

Year 
Manure application 

level 

Fresh weight 

(g) 

Water 

content 

(%) 

Dry weight 

(g) 

T-N content 

(%) 

T-P content 

(%) 
pH 

First C 460.6±23.67b 19.33±3.99a 371.37±22.92a 0.132±0.04a 2.71±0.76a 5.68±0.39a 

 L 464.6±22.78b 19.32±4.09a 374.87±26.07a 0.127±0.04a 2.61±0.73a 5.92±0.52a 

 M 497.0±7.18a 19.81±3.95a 398.72±24.72a 0.117±0.00a 2.21±0.83a 6.10±0.56a 

  H 493.2±15.32a 19.21±4.35a 398.74±29.97a 0.108±0.00a 2.07±0.88a 6.33±0.69a 
        

Second C 100.0±0.38a 4.28±0.19a 95.8±0.23a 1.08±0.29a 2.79±1.48a 5.48±0.28a 

 L 100.0±0.32a 4.30±0.29a 95.7±0.10a 1.06±0.27a 2.72±1.49a 5.42±0.19a 

 M 99.7±0.35a 4.20±0.19a 95.5±0.19a 1.04±0.30a 2.71±1.49a 5.65±0.48a 

  H 99.9±0.47a 4.24±0.27a 95.7±0.33a 1.00±0.32a 2.69±1.35a 5.59±0.52a 

Note: Treatment: C: No-manure, L: Low, M: Medium, and H: High manure level. abc: Different superscripts in the same column show 

noticeable differences (P<0.05) 

 

 

Table 4. Variations in the Total Nitrogen (T-N) and Total Phosphoric acid (T-P) content of DL napiergrass were observed under 

different manure application rates in the first year 

 

Plant part 

T-N (%) T-P (%) 

October 

Control Low Medium High Control Low Medium High 

Leaf blade 0.46±0.07b 0.54±0.11ab 0.58±0.03ab 0.62±0.07a 0.16±0.02a 0.16±0.00a 0.16±0.00a 0.18±0.00b 

Stem 0.21±0.01d 0.26±0.02c 0.31±0.03b 0.39±0.02a 0.28±0.00c 0.29±0.01c 0.33±0.01c 0.35±0.02c 

Dead 0.87±0.01c 0.11±0.03bc 0.14±0.00ab 0.17±0.02a 0.05±0.01b 0.05±0.01b 0.06±0.00b 0.08±0.00a 

Note: abc: Different superscripts in the same column show noticeable differences (P<0.05) 

 

 

Table 5. Changes in leaf blade dry matter weight, stem dry matter weight, dead dry matter weight, and total dry matter weight in DL 

Napiergrass under different treatments in the first and second year 

 

Year 
Manure application 

level 

Leaf blade dry 

matter weight 

Stem dry matter 

weight 

Dead dry matter 

weight 

Total dry matter 

weight 

ton/ha/year 

First C 2.29±0.40d 0.94±0.19c 0.19±0.05c 3.42±0.57d 

 L 4.93±0.59c 2.23±0.34c 0.54±0.21b 7.69±0.92c 

 M 9.97±1.18b 5.15±1.25b 0.79±0.18b 15.91±2.18b 

  H 18.69±2.21a 13.90±5.02a 1.39±0.54a 33.98±6.69a 

Second C 1.67±0.24d 0.43±0.12d 0.157±0.08c 2.27±0.37d 

 L 4.61±0.73c 1.65±0.28c 0.38±0.20bc 6.63±1.11c 

 M 8.20±0.97b 3.04±0.61b 0.64±0.29b 11.90±1.60b 

  H 14.36±2.19a 6.46±1.22a 1.03±0.49a 21.84±3.06a 

Note: Treatment: C: No-manure, L: Low, M: Medium, and H: High manure level. abc: Different superscripts in the same column show 

noticeable differences (P<0.05) 
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Figure 1. Changes in: A. Plant height, B. Plant length, C. Tiller number, and D. Mean tiller weight in DL Napiergrass under different 

treatments in the first year and second year. Treatment: No-manure (△), Low (◇), Medium (□), and High (○) manure level. Symbols 

with different letters denote significant differences between treatments on the same date at the 5 % level. Ns: P>0.05 
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Figure 2. Changes in: A. Leaf blade dry matter weight, B. Stem dry matter weight, C. Dead dry matter weight, and D. Total dry matter 

weight in DL Napiergrass under different treatments in the first year and second year. Treatment: No-manure (△), Low (◇), Medium 

(□), and High (○) manure level. Symbols with different letters denote significant differences between treatments on the same date at the 

5 % level. Ns: P>0.05. 
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Figure 3. Relationship between Total dry matter weight (g/m²) 

(X) and Use of manure (g N m-² time-¹) (Y). Symbols with 

different letters denote significant differences between treatments 

on the same date at the 5 % level. Ns: P>0.05 

 

Discussion 

Soil conditions on marginal land 

The results showed that the use of manure improved 

soil conditions on marginal land in the first and second 

years. Essential nutrients in the soil, such as phosphorus 

and organic carbon, can be enhanced through manure 

application (Holatko et al. 2022b). In general, soil health 

indicators characterized by nutrient content and microbial 

activity are improved by manure (Holatko et al. 2022a). 

Manure improves soil fertility and can be applied to 

various crops (Langewitz et al. 2022), including barley, 

where it stimulates higher growth. Another study reported 

that soil condition improved with the use of kendang 

fertilizer due to the increase in nutrient availability (Zhao 

and Naeth 2022). 

The soil Total Nitrogen (TN) content increased from 

the first to the second year, showing that application of 

manure improved soil fertility. TN is a crucial element in 

forming amino acids and proteins, making it vital for plant 

growth as well as crop yield and quality (Hossen et al. 

2021). According to Xu et al. (2020a), combining organic 

and inorganic fertilizers as part of fertilization strategies 

greatly enhances national resources by strengthening soil 

health and increasing plant productivity. 

The Total Phosphoric acid (TP) concentration in the 

second year was greater than in the first year. This shows 

that using manure in the long term will improve soil 

fertility. Organic P mineralization improves overall 

availability through increased alkaline phosphatase activity. 

Phosphorus is needed as the primary nutrient in ensuring 

metabolic activity and energy transfer (Xu et al. 2020a). 

Soil pH under manure fertilization generally increased, 

specifically at medium and high levels. Studies conducted 

over several years have shown that the prolonged 

application of organic fertilizers tends to increase soil pH 

more significantly than chemical ones (Hayatu et al. 2023). 

Indirect pH stabilization can be achieved by adding organic 

fertilizer, which improves soil structure and increases 

nutrient availability (Du et al. 2020). The cations released 

help raise soil pH by counteracting acidity (Hayatu et al. 

2023). 

The use of manure up to the highest level in this study 

is still considered reasonable. Manure can be applied at a 

rate exceeding 170 kg N/ha without adverse effects on 

water quality with proper management (Quilez et al. 2025). 

The use of manure is more recommended on margin land 

because, in addition to improving soil fertility, it also has a 

positive impact on the environment that synthetic fertilizers 

do not have. The use of manure reduces dependence on 

synthetic fertilizers while contributing to the reduction of 

greenhouse gas emissions and soil degradation (De Rosa et 

al. 2022). Manure can be used in a variety of environmental 

conditions, such as different soil types and climates. 

Manure substitution is more effective in monsoon and 

temperate continental climates with lower average annual 

rainfall (Ren et al. 2023). Manure applications are highly 

effective in non-tropical climatic conditions (Gross and 

Glaser 2021).  

Total Nitrogen (T-N) and Total Phosphoric acid (T-P) in 

dwarf late napiergrass 

Prolonged use of organic fertilizers led to Elevated 

Total Nitrogen (T-N) and Total Phosphoric acid (T-P) 

concentrations. T-N and T-P content in all parts of the plant 

showed an increasing trend with higher manure 

concentrations. Nitrogen (N) levels and plant biomass were 

positively correlated, as evidenced by a 2-4 fold rise in T-N 

content corresponding to increased nitrogen deposition in 

urban environments (Ponette-González et al. 2021). The 

interaction between availability and plant nutrient 

dynamics can be shown in the response of plant N 

concentrations to fertilization (Chen et al. 2023).  

The use of inorganic chemicals and nutrients in 

agricultural activities is a threat to biodiversity (Salinas et 

al. 2024). On the other hand, processed manure poses a low 

risk of spreading antibiotic resistance in the soil (Flores-

Orozco et al. 2024). Substituting chemical fertilizers with 

organic fertilizers led to higher absorption and phosphorus 

balance in rice plants (Hayatu et al. 2023). Using organic 

fertilizers in the long term positively affects agricultural 

productivity, leading to sustainable crop yield, while 

reducing dependence on chemical fertilizers (Chen et al. 

2022a). Therefore, plant development requires phosphorus 

because it affects photosynthesis and biomass production 

(Vázquez et al. 2023).  

Plant growth with manure application at different level 

Based on the results, the growth rate of DL Napiergrass 

on marginal land increased along with the higher manure 

concentrations. Manure application in the initial two years 

led to a significant increase in plant height, length, number 

of tillers, and average tiller weight. In comparison, DL 

Napiergrass without manure experienced low growth. The 

results are similar to a previous study stating that manure 

application significantly increased plants' height and length 

in DL Napiergrass (Głowacka et al. 2020). The nutrients 

available from manure contributed to stem lengthening and 

affected the overall development of plants (Luo et al. 

2020).  
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Figure 4. Changes in: A. Leaf Area Index (LAI), B. Crop Growth Rate (CGR), C. Ratio of Leaf Blade to stem with Leaf Sheath 

(LB/ST), and D. Specific Leaf Area (SLA) in DL Napiergrass under different treatments in the first year and second year. Treatment: 

No-manure (△), Low (◇), Medium (□), and High (○) manure level. Symbols with different letters denote significant differences 

between treatments on the same date at the 5 % level. Ns: P>0.05 
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Figure 5. Relationship between Leaf Area Index (LAI) (X) and Crop Growth Rate (CGR) (Y). First year (A) and second year (B). 

Treatment: No-manure (△), Low (◇), Medium (□), and High (○) manure level. Symbols with different letters denote significant 

differences between treatments on the same date at the 5 % level. Ns: P>0.05 

 

 

 

Applying manure as fertilizer significantly enhances 

sapling growth, a key factor in improving animal feed 

production. Manure improves sapling growth by 

influencing genetic factors that regulate nutrient uptake and 

hormone balance (Xu et al. 2020c). It also provides 

essential nutrients, supporting development and biomass 

accumulation (Głowacka et al. 2020). The quality of forage 

is affected by the weight of the saplings, which is attributed 

to manure management in grass cultivation (Luo et al. 

2020). 

The use of manure up to the highest level in this study 

is still considered reasonable. Manure can be applied at a 

rate exceeding 170 kg N/ha without adverse effects on 

water quality with proper management (Quilez et al. 2025). 

The use of manure is more recommended on margin land 

because, in addition to improving soil fertility, it also has a 

positive impact on the environment that synthetic fertilizers 

do not have. The use of manure reduces dependence on 

synthetic fertilizers while contributing to the reduction of 

greenhouse gas emissions and soil degradation (De Rosa et 

al. 2022). Manure can be used in a variety of environmental 

conditions, such as different soil types and climates. 

Manure substitution is more effective in monsoon and 

temperate continental climates with lower average annual 

rainfall (Ren et al. 2023). Manure applications are highly 

effective in non-tropical climatic conditions (Gross and 

Glaser 2021).  

Total Nitrogen (T-N) and Total Phosphoric acid (T-P) in 

dwarf late napiergrass 

Prolonged use of organic fertilizers led to elevated 

Total Nitrogen (T-N) and Total Phosphoric acid (T-P) 

concentrations. T-N and T-P content in all parts of the plant 

showed an increasing trend with higher manure 

concentrations. Nitrogen (N) levels and plant biomass were 

positively correlated, as evidenced by a 2-4 fold rise in T-N 

content corresponding to increased nitrogen deposition in 

urban environments (Ponette-González et al. 2021). The 

interaction between availability and plant nutrient 

dynamics can be shown in the response of plant N 

concentrations to fertilization (Chen et al. 2023).  

The use of inorganic chemicals and nutrients in 

agricultural activities is a threat to biodiversity (Salinas et 

al. 2024). On the other hand, processed manure poses a low 

risk of spreading antibiotic resistance in the soil (Flores-

Orozco et al. 2024). Substituting chemical fertilizers with 

organic fertilizers led to higher absorption and phosphorus 

balance in rice plants (Hayatu et al. 2023). Using organic 

fertilizers in the long term positively affects agricultural 

productivity, leading to sustainable crop yield, while 

reducing dependence on chemical fertilizers (Chen et al. 

2022a). Therefore, plant development requires phosphorus 

because it affects photosynthesis and biomass production 

(Vázquez et al. 2023).  

Plant growth with manure application at different level 

Based on the results, the growth rate of DL Napiergrass 

on marginal land increased along with the higher manure 

concentrations. Manure application in the initial two years 

led to a significant increase in plant height, length, number 

of tillers, and average tiller weight. In comparison, DL 

Napiergrass without manure experienced low growth. The 

results are similar to a previous study stating that manure 

application significantly increased plants' height and length 

in DL Napiergrass (Głowacka et al. 2020). The nutrients 

available from manure contributed to stem lengthening and 

affected the overall development of plants (Luo et al. 2020).  

Applying manure as fertilizer significantly enhances 

sapling growth, a key factor in improving animal feed 

production. Manure improves sapling growth by 

influencing genetic factors that regulate nutrient uptake and 

hormone balance (Xu et al. 2020c). It also provides 

essential nutrients, supporting development and biomass 

accumulation (Głowacka et al. 2020). The quality of forage 

is affected by the weight of the saplings, which is attributed 

to manure management in grass cultivation (Luo et al. 2020). 
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Plant production with manure application at different levels  

Increasing manure application led to greater dry matter 

production in DL Napiergrass. The production of dry 

matter determines the amount of biomass because dry plant 

material is used more by the livestock. According to a 

study, the production of dry matter and biomass, including 

grasses, can be increased by combining organic and 

chemical fertilizers (Iqbal et al. 2021). The nitrogen content 

in manure plays a crucial role in leaf photosynthesis and 

higher biomass accumulation, which is important for the 

production of dry matter (Ren et al. 2023). Organic 

fertilizers increase nitrogen mineralization, which will 

affect the gradual release of nutrients according to the plant 

absorption rate (Wambacq et al. 2022). Soil organic matter 

content and nitrogen release are positively correlated with 

the use of various important nutrients, which improve 

forage quality and biomass production (Henderson et al. 

2022). Furthermore, the root system is important for 

nutrient uptake and directly correlates with the production 

of plant biomass (De Pessemier et al. 2022). Another study 

found that root and shoot biomass showed a positive 

correlation, indicating the importance of root development 

in maximizing above-ground growth (Bektas et al. 2023).  

In the first and second years, high-concentration 

manure consistently produced the highest dry matter 

production in DL Napiergrass across all measured 

components, including leaf blade, stem, dead matter, and 

total dry matter weight at every assessment period. Manure 

application increased biomass productivity by 8.4 Mg ha-1 

compared to the natural grassland of only 5.0 Mg ha-1 (Xu 

et al. 2022b). Organic fertilizers can enhance leaf dry 

matter production by approximately 72,000 kilograms per 

hectare annually (Botero-Londoño et al. 2021). However, 

the total production of dry matter decreased in the second 

year, likely due to the depletion of soil nutrients on 

marginal land with a single application of manure without 

the addition of chemical fertilizers.  

Relationship between LAI and CGR 

The results showed a significant relationship between 

manure, as well as LAI and CGR, in both the first and 

second years. Increasing the amount of manure enhanced 

the relationship, showing a more significant connection 

with higher levels. A previous study stated that combining 

manure with inorganic fertilizer can increase the 

photosynthesis of leaf tissue, chlorophyll content, and 

biomass production, affecting the LAI and CGR (Iqbal et 

al. 2021). Manure application increases both LAI and 

CGR, but the effect varies based on soil type, climate, and 

management practices, specifically in acidic soils and 

humid climates (Du et al. 2020). Higher LAI will lead to 

higher biomass and yield, as shown in wheat and maize 

(Revill et al. 2021).  

LAI is a valuable metric for evaluating plant growth 

and forecasting outcomes, showing the ability to use 

sunlight in photosynthesis (Sun et al. 2023). The nutrient 

content of the soil can be increased by applying manure, 

which elevates LAI and enhances leaf growth (Chen et al. 

2022b). The greater the LAI, the higher the CGR for plants 

with broader leaves, creating conditions for more efficient 

photosynthesis and maximizing biomass production (De 

Peppo et al. 2021). 

As one of the indicators to assess plant growth, LAI 

describes the surface area of leaves as a location for 

photosynthesis. The higher the LAI, the greater the 

photosynthesis process and the better the CGR (Fu et al. 

2023). Moreover, water availability and soil quality affect 

CGR and forage growth (Terán-Chaves et al. 2022). 

Another study reported that manure application 

significantly increased CGR (Walia et al. 2023). The 

LB/ST ratio did not increase even though the dose of 

manure use was increasing because manure increased 

nutrient supply and accelerated biomass growth. However, 

this increase tends to be proportional to the leaves and 

stems, so the LB/ST ratio does not change much.  

In conclusion, the application of organic manure 

significantly improved the growth, nutrient content, and 

biomass production of DL Napiergrass on marginal land 

except for the LB/ST ratio. Manure treatments increased 

plant height, tiller number, dry matter yield, and soil 

fertility, with the highest performance observed at the 

recommended dosage of 4.67 g N m-² per application. 

Although the leaf blade-to-stem ratio remained unchanged, 

total dry matter production reached 33.98 tons/ha/year in 

the first year and 21.84 tons/ha/year in the second. These 

results demonstrate that manure application can transform 

marginal land into productive forage fields, providing a 

sustainable and economical feed source for livestock while 

enhancing soil quality. To maximize adoption, policies 

supporting manure availability and use on marginal land 

should be prioritized. 

 ACKNOWLEDGEMENTS 

The authors are grateful to the Ministry of Education, 

Culture, Research, and Technology, Indonesia, as well as 

the Politeknik Pertanian Negeri Pangkajene Kepulauan, 

Indonesia. This study was conducted according to the 

assignment letter from the Director of Politeknik Pertanian 

Negeri Pangkajene Kepulauan, with number: 

668/PL.22/PG/2021, 24 August 2021. The authors did not 

receive any specific grant from funding agencies in the 

public, commercial, or not-for-profit sectors. 

REFERENCES 

Ali SA, Vivaldi GA, Tallou A, Lopriore G, Stellacci AM, Montesano FF, 

Mazzeo A, Ferrara G, Gadaleta A, Camposeo S. 2024. Sustainability 
potential of marginal areas for food, feed, and non-food production in 

the Puglia Region, Southern Italy: Part II: A review. Agronomy 14 

(3): 472. DOI: 10.3390/agronomy14030472. 
Bates CT, Escalas A, Kuang J, Hale L, Wang Y, Herman D, Nuccio EE, 

Wan X, Bhattacharyya A, Fu Y, Tian R, Wang G, Ning D, Yang Y, 

Wu L, Pett-Ridge J, Saha M, Craven K, Brodie EL, Firestone M, 
Zhou J. 2022. Conversion of marginal land into switchgrass 

conditionally accrues soil carbon but reduces methane consumption. 

ISME J 16 (1): 10-25. DOI: 10.1038/s41396-021-00916-y. 
Bektas H, Hohn CE, Lukaszewski AJ, Waines JG. 2023. On the possible 

trade-off between shoot and root biomass in wheat. Plants 12 (13): 

2513. DOI: 10.3390/plants12132513. 



WADI et al. – Dwarf late napiergrass responds to three different levels of manure application 

 

737 

Botero-Londoño JM, Celis-Celis EM, Botero-Londoño MA. 2021. 

Nutritional quality, nutrient uptake, and biomass production of 

Pennisetum purpureum cv. King grass. Sci Rep 11 (1): 1-8. DOI: 
10.1038/s41598-021-93301-w. 

Chen H, Levavasseur F, Montenach D, Lollier M, Morel C, Houot S. 

2022a. An 18-year field experiment to assess how various types of 
organic waste used at European regulatory rates sustain crop yields 

and C, N, P, and K dynamics in a French calcareous soil. Soil Tillage 

Res 221: 105415. DOI: 10.1016/j.still.2022.105415. 
Chen Q, Zheng B, Chenu K, Hu P, Chapman SC. 2022b. Unsupervised 

plot-scale LAI phenotyping via UAV-based imaging, modelling, and 

machine learning. Plant Phenomics 2022: 9768253. DOI: 
10.34133/2022/9768253. 

Chen S, Zhang W, Ge X, Zheng X, Zhou X, Ding H, Zhang A. 2023. 

Response of plant and soil N, P, and N:P stoichiometry to N addition 
in China: A meta-analysis. Plants 12 (11): 2104. DOI: 

10.3390/plants12112104. 

De Peppo M, Taramelli A, Boschetti M, Mantino A, Volpi I, Filipponi F, 
Tornato A, Valentini E, Ragaglini G. 2021. Non-parametric statistical 

approaches for leaf area index estimation from Sentinel-2 data: A 

multi-crop assessment. Remote Sens 13 (14): 2841. DOI: 
10.3390/rs13142841. 

De Pessemier J, Moturu TR, Nacry P, Ebert R, De Gernier H, Tillard P, 

Swarup K, Wells DM, Haseloff J, Murray SC, Bennett MJ, Inzé D, 
Vincent CI, Hermans C. 2022. Root system size and root hair length 

are key phenes for nitrate acquisition and biomass production across 

natural variation in Arabidopsis. J Exp Bot 73 (11): 3569-3583. DOI: 
10.1093/jxb/erac118. 

De Rosa D, Biala J, Nguyen TH, Mitchell E, Friedl J, Scheer C, Grace PR, 

Rowlings DW. 2022. Environmental and economic trade-offs of using 
composted or stockpiled manure as a partial substitute for synthetic 

fertilizer. J Environ Qual 51 (4): 589-601. DOI: 10.1002/jeq2.20255. 

Dhaliwal SS, Sharma S, Sharma V, Shukla AK, Walia SS, Alhomrani M, 
Gaber A, Toor AS, Verma V, Randhawa MK, Pandher LK, Singh P, 

Hossain A. 2021. Long-term integrated nutrient management in the 

maize–wheat cropping system in alluvial soils of north-western India: 

Influence on soil organic carbon, microbial activity and nutrient 

status. Agronomy 11 (11): 2258. DOI: 10.3390/agronomy11112258. 
Du Y, Cui B, Zhang Q, Wang Z, Sun J, Niu W. 2020. Effects of manure 

fertilizer on crop yield and soil properties in China: A meta-analysis. 

CATENA 193: 104617. DOI: 10.1016/j.catena.2020.104617. 
Flores-Orozco D, Levin D, Kumar A, Sparling R, Derakhshani H, Cicek 

N. 2024. Metagenomic comparison of effects of mesophilic and 

thermophilic manure anaerobic digestion on antimicrobial resistance 
genes and mobile genetic elements. Environ Adv 15: 100472. DOI: 

10.1016/j.envadv.2023.100472. 

Fu H, Lu J, Chen J, Wang W, Cui G, She W. 2023. Influence of structure 
and texture feature on retrieval of ramie leaf area index. Agronomy 13 

(7): 1690. DOI: 10.3390/agronomy13071690. 

Fukagawa S, Ishii Y, Hattori I. 2016. Fermentation quality of round-bale 
silage as affected by additives and ensiling seasons in dwarf 

napiergrass (Pennisetum purpureum Schumach). Agronomy 6 (4): 48. 

DOI: 10.3390/agronomy6040048. 
Głowacka A, Szostak B, Klebaniuk R. 2020. Effect of biogas digestate 

and mineral fertilisation on the soil properties and yield and 

nutritional value of switchgrass forage. Agronomy 10 (4): 490. DOI: 
10.3390/agronomy10040490. 

Gross A, Glaser B. 2021. Meta-analysis on how manure application 

changes soil organic carbon storage. Sci Rep 11 (1): 5516. DOI: 
10.1038/s41598-021-82739-7. 

Guimarães GS, Rondina ABL, Santos MS, Nogueira MA, Hungria M. 

2022. Pointing out opportunities to increase grassland pastures' 
productivity via microbial inoculants: Attending to the society's 

demands for meat production with sustainability. Agronomy 12 (8): 

1748. DOI: 10.3390/agronomy12081748. 
Hayatu NG, Liu Y, Zhang S, Huang J, Han T, Khan MN, Daba NA, Noma 

SS, Lv Z, Hou H, Lan X, Ji J, Zhang H. 2023. Long-term organic 

manure substitution increases yield and phosphorus use efficiency in 
a double-rice system by altering soil phosphorus uptake and apparent 

balance. Agronomy 13 (6): 1440. DOI: 10.3390/agronomy13061440. 

Henderson JA, Chapple WP, Meteer WT, McCann JC, Shike DW. 2022. 
PSI-8 Exploring the relationship between soil composition and forage 

characteristics in cool-season grass/legume pastures. J Anim Sci 100 

(Suppl 2): 198-198. DOI: 10.1093/jas/skac064.334. 
Holatko J, Bielska L, Hammerschmiedt T, Kucerik J, Mustafa A, 

Radziemska M, Kintl A, Baltazar T, Latal O, Brtnicky M. 2022a. 

Cattle manure fermented with biochar and humic substances improves 

the crop biomass, microbiological properties, and nutrient status of 

soil. Agronomy 12 (2): 368. DOI: 10.3390/agronomy12020368. 
Holatko J, Hammerschmiedt T, Mustafa A, Kintl A, Radziemska M, 

Baltazar T, Jaskulska I, Malicek O, Latal O, Brtnicky M. 2022b. 

Carbon-enriched organic amendments differently affect the soil 
chemical, biological properties, and plant biomass in a cultivation 

time-dependent manner. Chem Biol Technol Agric 9 (1): 52. DOI: 

10.1186/s40538-022-00319-x. 
Hossen MA, Diwakar PK, Ragi S. 2021. Total nitrogen estimation in 

agricultural soils via aerial multispectral imaging and LIBS. Sci Rep 

11 (1): 12693. DOI: 10.1038/s41598-021-90624-6. 
Iqbal A, He L, Ali I, Ullah S, Khan A, Akhtar K, Wei S, Fahad S, Khan R, 

Jiang L. 2021. Co-incorporation of manure and inorganic fertilizer 

improves leaf physiological traits, rice production, and soil 
functionality in a paddy field. Sci Rep 11 (1): 10048. DOI: 

10.1038/s41598-021-89246-9. 

Islam MR, Garcia SC, Islam MA, Bashar MK, Roy A, Roy BK, Sarker 
NR, Clark CEF. 2024. Ruminant production from Napier grass 

(Pennisetum purpureum Schum): A review. Animals 14 (3): 467. 

DOI: 10.3390/ani14030467. 
Jayawardena DM, Robertson GP, Sanford GR, Thelen KD. 2023. 

Comparative productivity of six bioenergy cropping systems on 

marginal lands in the Great Lakes Region, United States. Agron J 115 
(5): 2451-2468. DOI: 10.1002/agj2.21416. 

Kolbe H. 2022. Comparative analysis of soil fertility, productivity, and 

sustainability of organic farming in Central Europe—Part 2: 
Cultivation systems with different intensities of fertilization and 

legume N2 fixation as well as perspectives for future development. 

Agronomy 12 (9): 2060. DOI: 10.3390/agronomy12092060. 
Langewitz T, Wiedner K, Fritzsch D, Eckmeier E. 2022. Improvement of 

soil fertility in historical ridge and furrow cultivation. 

Geoarchaeology 37 (5): 750-767. DOI: 10.1002/gea.21916. 
Leroy F, Abraini F, Beal T, Dominguez-Salas P, Gregorini P, Manzano P, 

Rowntree J, van Vliet S. 2022. Animal source foods in healthy, 

sustainable, and ethical diets: An argument against drastic limitation 

of livestock in the food system. Animal 16 (3): 100457. DOI: 

10.1016/j.animal.2022.100457. 
Lu X, Mahdi AK, Han X, Chen X, Yan J, Biswas A, Zou W. 2020. Long-

term application of fertilizers and manures affects P fractions in 

Mollisol. Sci Rep 10 (1): 14793. DOI: 10.1038/s41598-020-71448-2. 
Luo F, Pei Z, Zhao X, Liu H, Jiang Y, Sun S. 2020. Genome-wide 

association study for plant architecture and bioenergy traits in diverse 

sorghum and sudangrass germplasm. Agronomy 10 (10): 1602. DOI: 
10.3390/agronomy10101602. 

Maro’ah S, Sunarminto BH, Utami SNH. 2022. Status kesuburan tanah 

sebagai dasar strategi pengelolaan lahan sawah di Kabupaten Bantul, 
Indonesia. AgriHealth: J Agri-Food, Nutrition and Public Health 2 

(2): 78. DOI: 10.20961/agrihealth.v2i2.54957. [Indonesian] 

Ning L, Xu X, Zhang Y, Zhao S, Qiu S, Ding W, Zou G, He P. 2022. 
Effects of chicken manure substitution for mineral nitrogen fertilizer 

on crop yield and soil fertility in a reduced nitrogen input regime of 

North-Central China. Front Plant Sci 13: 1050179. DOI: 
10.3389/fpls.2022.1050179. 

Pereira LET, Herling VR, Tech ARB. 2022. Current scenario and 

perspectives for nitrogen fertilization strategies on tropical perennial 
grass pastures: A review. Agronomy 12 (9): 2079. DOI: 

10.3390/agronomy12092079. 

Ponette-González AG, Green ML, McCullars J, Gough L. 2021. Ambient 
urban N deposition drives increased biomass and total plant N in two 

native prairie grass species in the U.S. Southern Great Plains. PLoS 

ONE 16 (5): e0251089. DOI: 10.1371/journal.pone.0251089. 
Quilez D, Guillén M, Vallés M, Daudén A, Moreno-García B. 2025. New 

insights into fertilisation with animal manure for annual double-

cropping systems in nitrate-vulnerable zones of Northeastern Spain. 
Agronomy 15 (1): 142. DOI: 10.3390/agronomy15010142. 

Rahman MM, Syafieqa NE, Diah NABM, Gondo T, Khalif RIABR, 

Akashi R. 2019. Growth characteristics, biomass yield, and mineral 
concentrations in seven varieties of Napier grass (Cenchrus 

purpureus) at establishment in Kelantan, Malaysia. Trop Grassl-

Forrajes Trop 7 (5): 538-543. DOI: 10.17138/tgft(7)538-543. 
Ren K, Sun Y, Zou H, Li D, Lu C, Duan Y, Zhang W. 2023. Effect of 

replacing synthetic nitrogen fertilizer with animal manure on grain 

yield and nitrogen use efficiency in China: A meta-analysis. Front 
Plant Sci 14: 1153235. DOI: 10.3389/fpls.2023.1153235. 



 ASIAN JOURNAL OF AGRICULTURE 9 (2): 727-738, December 2025 

 

738 

Revill A, Myrgiotis V, Florence A, Hoad S, Rees R, Macarthur A, 

Williams M. 2021. Combining process modelling and LAI 

observations to diagnose winter wheat nitrogen status and forecast 
yield. Agronomy 11 (2): 314. DOI: 10.3390/agronomy11020314. 

Sacristán D, Cifre J, Llompart M, Jaume J, Gulias J. 2021. Lignocellulosic 

biomass production and persistence of perennial grass species grown 
in Mediterranean marginal lands. Agronomy 11 (10): 2060. DOI: 

10.3390/agronomy11102060. 

Salinas ZA, Babini MS, Bionda C de L, Martino AL, Lajmanovich CR. 
2024. Agroecosystems under conventional and organic management: 

Hematological analysis of anuran for environmental health 

assessment. Environ Adv 15: 100508. DOI: 
10.1016/j.envadv.2024.100508. 

Samara E, Matsi T, Barbayiannis N, Lithourgidis A. 2020. Liquid cattle 

manure effect on corn yield and nutrients' uptake and soil fertility, in 
comparison to the common and recommended inorganic fertilization. 

J Soil Sci Plant Nutr 20 (4): 2283-2293. DOI: 10.1007/s42729-020-

00294-y. 
Scordia D, Papazoglou EG, Kotoula D, Sanz M, Ciria CS, Pérez J, 

Maliarenko O, Prysiazhniuk O, von Cossel M, Greiner BE, Lazdina 

D, Makovskis K, Lamy I, Ciadamidaro L, Petit-dit-Grezeriat L, 
Corinzia SA, Fernando AL, Alexopoulou E, Cosentino SL. 2022. 

Towards identifying industrial crop types and associated agronomics 

to improve biomass production from marginal lands in Europe. GCB 
Bioenergy 14 (7): 710-734. DOI: 10.1111/gcbb.12935. 

Selim MM. 2020. Introduction to the integrated nutrient management 

strategies and their contribution to yield and soil properties. Intl J 
Agronomy 2020: 2821678. DOI: 10.1155/2020/2821678. 

Sun X, Yang Z, Su P, Wei K, Wang Z, Yang C, Wang C, Qin M, Xiao L, 

Yang W, Zhang M, Song X, Feng M. 2023. Non-destructive 
monitoring of maize LAI by fusing UAV spectral and textural 

features. Front Plant Sci 14: 1158837. DOI: 

10.3389/fpls.2023.1158837. 
Terán-Chaves CA, García-Prats A, Polo-Murcia SM. 2022. Calibration 

and validation of the FAO AquaCrop water productivity model for 

perennial ryegrass (Lolium perenne L.). Water 14 (23): 3933. DOI: 

10.3390/w14233933. 

Tresia GE, Tiesnamurti B, Alwiyah A, Anwar A. 2024. Effects on in vitro 
digestibility and rumen fermentation of maize straw silage as a partial 

dietary replacement for Napier grass. J Anim Feed Sci 33: 119-127. 

DOI: 10.22358/jafs/168677/2023. 

Utamy RF, Sonjaya H, Ishii Y, Hasan S, Nazira M, Taufik M, Januarti E. 

2021. Mixed cropping of dwarf Napiergrass (Pennisetum purpureum 

cv. Mott) with Indigofera (Indigofera zollingeriana) using an alley 
cropping system. Open Agric J 15 (1): 111-118. DOI: 

10.2174/1874331502115010111. 

Vázquez E, Borer ET, Bugalho MN, Caldeira MC, McCulley RL, Risch 
AC, Seabloom EW, Wheeler GR, Spohn M. 2023. The synergistic 

response of primary production in grasslands to combined nitrogen 

and phosphorus addition is caused by increased nutrient uptake and 
retention. Plant Soil 490 (1-2): 371-385. DOI: 10.1007/s11104-023-

06083-7. 

Walia SS, Kaur T, Gupta RK, Siddiqui MH, Rahman MA. 2023. Long-
term impact of the continuous use of organic manures on crop and 

soil productivity under maize–potato–onion cropping systems. 

Sustainability 15 (10): 8254. DOI: 10.3390/su15108254. 
Wambacq E, Alloul A, Grunert O, Carrette J, Vermeir P, Spanoghe J, 

Sakarika M, Vlaeminck SE, Haesaert G. 2022. Aerobes and 

phototrophs as microbial organic fertilizers: Exploring mineralization, 
fertilization, and plant protection features. PLoS ONE 17 (2): 

e0262497. DOI: 10.1371/journal.pone.0262497. 

Xu H, Liu K, Zhang W, Rui Y, Zhang J, Wu L, Colinet G, Huang Q, Chen 
X, Xu M. 2020a. Long-term fertilization and intensive cropping 

enhance carbon and nitrogen accumulated in the soil clay-sized 

particles of red soil in South China. J Soils Sediments 20 (4): 1824-
1833. DOI: 10.1007/s11368-019-02544-8. 

Xu L, Li D, Wang D, Ye L, Nie Y, Fang H, Xue W, Bai C, Van Ranst E. 

2022b. Achieving the dual goals of biomass production and soil 
rehabilitation with sown pasture on marginal cropland: Evidence from 

a multi-year field experiment in Northeast Inner Mongolia. Front 

Plant Sci 13: 985864. DOI: 10.3389/fpls.2022.985864. 
Xu X, Feng G, Liang Y, Shuai Y, Liu Q, Nie G, Yang Z, Hang L, Zhang 

X. 2020c. Comparative transcriptome analyses reveal different 

mechanisms of high- and low-tillering genotypes controlling tiller 
growth in orchardgrass (Dactylis glomerata L.). BMC Plant Biol 20 

(1): 369. DOI: 10.1186/s12870-020-02582-2. 

Zegada-Lizarazu W, Zanetti F, Di Virgilio N, Monti A. 2022. Is 

switchgrass good for carbon savings? Long-term results in marginal 

land. GCB Bioenergy 14 (7): 814-823. DOI: 10.1111/gcbb.12944. 
Zhao Y, Naeth MA. 2022. Lignite-derived humic products and cattle 

manure biochar are effective soil amendments in cadmium-

contaminated and uncontaminated soils. Environ Adv 8: 100186. 
DOI: 10.1016/j.envadv.2022.100186. 

 

 


