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Abstract 

 

Composts from biomass wastes are a source of plant nutrients and help improve soil quality. An experiment laid 

out in a split-plot in a completely randomized design was conducted to determine the chemical properties of 

composts produced from the decomposition of biomass wastes mixtures such as poultry manure + rice straw 

(PMRS) and poultry manure + carbonized rice hull (PMCRH) with different C:N ratios and their application 

effects on corn growth, soil chemical properties, earthworm behavior, and CO2 emissions. Results show that the 

chemical properties of composts were relatively high; however, increasing the C:N ratio led to reductions in pH, 

organic carbon (OC), total P, total K, and total NPK. Compost application significantly enhanced corn growth and 

improved soil chemical properties. Root weight, root length and plant height were significantly increased in both 

PMRS and PMCRH-treated soils. No significant avoidance behavior was observed among earthworms in 

compost-treated soils indicating suitability for soil fauna. In the incubation setup, a significant amount of CO2 was 

captured in the soil treated with PMCRH. The application of both compost types is recommended as it improved 

soil health, enhanced plant growth, and was safe for soil organisms. PMCRH compost application is a potential 

carbon capture and storage strategy that may help reduce CO2 emissions. This approach supports a sustainable 

food production system with net carbon sequestration and provides an optimal, localized, and environmentally 

sustainable biomass waste management solution. 
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1. Introduction 

 

Biomass wastes are crop residues after harvest that contribute a significant amount of organic matter (OM) in 

the soil after decomposition. Every year, the Philippines produces 15.2 million tons of rice, leaving behind 11.3 

million tons of rice straw [1]. Despite its several documented uses, the majority of rice biomass is still discarded 

indiscriminately [2]. The Philippines' yearly rice hull production is estimated to be at 2 million tons [3]. It is 

mainly underutilized, a poor source of animal feed, and is frequently burned, posing risks to people and the 

environment. Moreover, poultry manures from broiler and layer chickens are most common in the Philippines [4].  

The issue of excessive agricultural waste poses a significant environmental challenge due to its potential 

adverse impacts if not appropriately managed. The problem in addressing this lies in the high C:N ratios of 

biomass wastes, which significantly lengthen their decomposition process, rendering them less readily applicable 

as fertilizers in soil. This imbalance results in the accumulation of biomass at a faster rate than it can decompose, 

leading to complications when the waste is not effectively contained and managed. Numerous composting 

technologies aim to convert raw materials into organic matter suitable for agricultural use. Despite these efforts, 

organic matter production often faces limitations, mainly when dealing with higher C:N ratios in agricultural 

wastes [5]. Achieving a proper balance between carbon and nitrogen is essential for promoting rapid 

decomposition. By addressing the challenges posed by high C:N ratios in biomass wastes, decomposition 

efficiency can be enhanced and contribute to sustainable agricultural practices. 
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Research shows that the application of OM improves the rhizosphere ecosystem, suppresses soil-borne 

pathogens, and promotes plant growth (6). It increases the nutrient retention capacity of the soil, thus increasing 

the supply and availability of nitrogen (N), phosphorus (P), potassium (K), sulfur (S), and other nutrients (4). 

These are the soil nutrients needed by plants in large quantities to maintain their metabolic processes and overall 

good state which can be sourced from composting biomass. Compost application can improve various soil 

chemical properties that benefit plant growth. Vermicompost has been found to not have negative impacts on the 

environment, soil, or plants. Composting and vermicomposting processes can reduce the bioavailability of 

potentially toxic elements in sewage sludge digestate [7]. 

On the other hand, earthworms play a key role in composting and can significantly impact the soil microbial 

community. Studies have shown that established earthworm populations can induce shifts in soil microbial 

diversity. Earthworms also directly impact plant growth and nutrient cycling, largely mediated through changes 

in the microbial community [8]. Their feeding behavior can further influence soil microbial communities. Indeed, 

composts from biomass wastes can enhance corn growth, improve soil chemical properties, and influence the 

behavior and diversity of earthworms, which are important indicators of soil health and fertility [8,9]. 

However, composting, is inherently generating CO2 and other greenhouse gases. Hence, it is necessary to 

investigate the ecological effects of compost produced from biomass wastes with different carbon-nitrogen C:N 

ratios as decomposition liberates the C from the biomass. It is essential to determine the magnitude of CO2 emitted 

from the soil with compost applications. Specifically, this study sought to determine the chemical properties of 

compost derived from biomass wastes with different C:N ratios, their application effects on CO2 emissions, corn 

growth, soil chemical properties, and earthworm behavior.  

 

2.  Materials and Methods 

 

2.1 Biomass Waste Mixtures Carbon-Nitrogen (C:N) Ratio Preparations 

The preparation of different C:N ratios of poultry manure mixed with shredded rice straw and poultry manure 

mixed with carbonized rice hull was based on the moisture content, organic carbon, and total nitrogen analyses. 

In attaining the 15:1, 20:1, 25:1, 30:1, and 35:1 C:N ratios of the mixtures of two materials, the determination of 

organic carbon, total nitrogen through chemical analysis, and moisture contents were conducted. The organic C, 

total N, and moisture content data were plugged into the formula adopted from Cornell Waste Management 

Institute, Cornell University written below [10]. The derived formula was used to determine the volume of another 

material (kg) Q2 to be mixed to attain the desired C:N. 

 

𝑅 =
  𝑄1(𝐶1 ∗ (100−𝑀1) +𝑄2(𝐶2 ∗ (100−𝑀2)

𝑄1(𝑁1 ∗ (100−𝑀1 + 𝑄2(𝑁2 ∗ (100−𝑀2) 
 𝑄2 =

𝑄1 𝑥 𝑁1 𝑥(𝑅−
𝐶1

𝑁1
) 𝑥 (100−𝑀1)

𝑁2 𝑥(
𝐶2

𝑁2
−𝑅) 𝑥 (100−𝑀2)

 

 

where R is the C:N ratio, Qn is the mass of material n ("as is "or "wet weight"), Cn is the carbon (%), Nn is 

the nitrogen (%), and Mn is moisture content (%) of material n. 

 

Table 1 Rice straw, carbonized rice hull (CRH), and poultry manure (PM) chemical properties. 

 

2.2 Seedling Emergence, Seedling Growth and Earthworm Avoidance Test  

The seeds were placed in pots in contact with soil treated with compost produced from biomass wastes with 

different C:N ratios. The effects were evaluated for 21 days after seedling emergence in the control group and all 

treated media. The endpoints determined were visual assessment of seedling emergence, biomass measurements, 

shoot height, and the visibly damaging effects on different plant parts [11].  

The two-section avoidance test was performed to determine the C:N ratios of compost on earthworm activity. 

The test containers were made of a 750 mL black rectangular polypropylene box (120 mm x 175 mm x 55 mm). 

Removable cardboard divider wall was used to divide the contents of the container into two equal portions. One 

of the sections was filled with 250 g of uncontaminated soil (control section), and the other with soil added with 

compost at a specific C:N ratio with the amount based on the standard application rate. Five replicates were 

prepared for each treatment. In each container, ten adult Eudrilus eugeniae (250-600 mg) were placed on the 

Biomass wastes Moisture 

 (%) 

Chemical Properties (%) 

OC 
 

Total N Total P Total K Total NPK 
 

C:N 

Rice Straw 7.69 33.22 0.65 0.11 0.14 0.90 51:1 

CRH 13.06 44.28 0.74 0.16 0.19 1.09 60:1 

Poultry manure 60.00 6.64 0.83 1.08 0.15 2.06 8:1 
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middle line of the soil surface after removing the cardboard divider. Containers were sealed with transparent lids 

with perforations covered with wire gauze to prevent earthworms from escaping. The media with earthworms 

were incubated at room temperature for 48 hours. The avoidance rate (AR) was computed as: AR = (CS-TS/N) * 

100; where C is the number of earthworms in the control section, T is the number of earthworms in the test section 

and N is the number of earthworms per replicate [12]. 

 

2.3 CO2 Emission Measurement Setup 

 

The Mason jar (500 mL) with a 10 cm height and 8 cm diameter dimension was used in the incubation of 

samples. Fifty (50) g of soil was placed in the mason jar, and soil moisture was preserved at 45% field capacity 

water-soil (w/w) throughout the incubation time. The opening of each jar was covered with plastic and squeezed 

with a rubber band before the glass jar cap was tightly covered. The glass jar was sealed to prevent leaking gasses 

from the decomposing organic materials [13].  All the treatments were replicated thrice per titration at 2, 5, 7, 21, 

28, and 35 days. During the incubation period, the NaOH contents of incubation jar samples were transferred from 

the plastic container to a 125 mL Erlenmeyer flask and two to three drops of phenolphthalein and 1.0 mL of 50% 

BaCl2 were added. The CO2 that evolved was calculated using data gathered through titration on Days 2, 5, 7, 14, 

21, 28, and 35, and the results were reported as mg CO2 produced per 100 g soil. The CO2 evolved was calculated 

using the following formula:  

𝑚𝑔 𝑜𝑓 𝐶𝑂2 =
[(𝐵 − 𝑉)𝑥

𝑁
2

] 𝑥 𝑀

𝑇
 𝑥 2 

 

where mg of CO2 is the amount of CO2 emitted per 100 grams of soil, B/V is the volume of HCl (mL), N is 

the HCl concentration (Eq/mL), and M is the molecular mass of CO2 (44 g mol), T is time in days, and 2 is the 

coefficient [13]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 CO2 incubation setup.  

 

2.4 Chemical Analyses 

 

The clay loam soil was analyzed for pH at a soil-water mixture ratio of 1:1 (w/v) using a glass electrode pH 

meter (PHS-3C PH METER, model: 2 in 1 Benchtop pH/thermometer by RCYAGO® , China) [14], OC by the 

Walkley and Black method [15], available P using the Olsen method (UV Spectrophotometer, model: UV-1800 

by Shimadzu Corporation, Japan) [16,17], and exchangeable K using a flame photometer [18]. The organic 

fertilizer was analyzed for pH at a soil-water mixture ratio of 1:1 (w/v) using a glass electrode pH meter, OC by 

the Walkley and Black method  [19], total N by the Kjeldahl method (VELP® Kjeldahl Systems by Scientifica 

Srl, Italy)  [19,20], total phosphorus (P) by the Vanadomolydate method  (UV Spectrophotometer, model: UV-

1800 by Shimadzu Corporation, Japan) [21], total K by flame photometer (Sherwood Model 410 Flame 

Photometer by Sherwood Scientific Ltd, United Kingdom) [21]. All analyses of samples were conducted at the 

ASI, Analytical Service Laboratory, UPLB, Laguna, Philippines. 

 

2.5 Experimental Design 

 

The experiment was laid out in a split-plot in a completely randomized design (CRD). There were five 

treatments with three replicates for the two compost types, the poultry manure + rice straw (PMRS) and poultry 

manure + carbonized rice hull (PMCRH) mixtures. Each compost from PMRS and PMCRH with different C:N 

ratios (15:1, 20:1, 25:1, 30:1, and 35:1) was tested for corn seedling growth at 5 T/ha application rate and 

Incubation jar 

Cap to prevent CO2 

emitting from the jar  

Perforated plastic base to 

support the NaOH container 

Clear plastic used to wrap 

the mouth of the jar 

tightened with rubber band  

50 mL-capacity plastic 

container used to hold 

30 mL NaOH (0.3 N) 

Treatment (soil + 

organic materials) 

0.3 N 

30 mL 

NaOH 

Treatment samples 
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earthworm behavior (avoidance test) and carbon dioxide emission at 1:10 (v/v). The amounts of treatments applied 

are shown in Table 2. 

 

Table 2 Treatments for different composts produced from biomass wastes with different carbon-nitrogen (C:N) 

ratios at 5 T/ha application rates for growth test, 1:10 v/v for earthworm avoidance test, and CO2 emission test. 

 

2.6 Data Analysis 

The data gathered in this study that was laid out in split plot in a CRD were analyzed using a two-way analysis 

of variance for composts and treatments within compost types and composts x treatments interaction and honest 

significant difference (HSD) to determine the differences between treatment means at a 5% level of significance 

by HSD using the statistical tool for agricultural research (STAR) 2.0 software developed by the International 

Rice Research Institute. 

 

3. Results and discussion 

 

3.1 Soil Chemical Properties 

 

The soil had a pH of 6.9 which was close to neutral. Corn plants generally prefer slightly acidic soil. The 

available phosphorus (P) was very high at 115 mg/kg soil. Similarly, the available potassium (K) was high at 0.3 

cmol/kg soil. The soil cation exchange capacity (CEC) was very high at 27.96 cmol/kg soil, indicated by its dark 

color due to the rich organic matter, which likely increased the CEC. 

 

Table 3 Chemical properties of clay loam soil used in growth test, earthworm avoidance, and CO2 emission 

incubation. 
 Properties pH OC 

(%) 
Avail. P 

mg/kg soil (Olsen) 
Avail. K 

cmolc/kg soil 
CEC 

cmolc/kg soil 

Clay loam Soil 6.9  2.17  115  0.83  27.96  

 

3.2 Compost Chemical Properties 

 

The chemical properties of composts from PMRS and PMCRH, such as pH, OC, total P, total K, and total 

NPK, were significantly different. The PMCRH produced from biomass wastes containing the lowest C:N (15:1) 

ratio had the highest pH and declined as the C:N ratios increased. The same trend was observed in PMRS, where 

the highest pH was observed in T1 with a mixture containing the lowest C:N ratio and declined as the C:N ratios 

increased. All treatments in PMRS were significantly different except for T3 and T4, which were not significantly 

different from each other. All treatments within PMRCH were significantly different from each other.  

The organic carbon (OC) from the two compost types (PMRS & PMCRH) was very high and significantly 

different. In PMRS, T1 and T2 were significantly different from each other but not different compared to T3, T4, 

and T5. The same observation was noted from compost types in which the highest OC was recorded from 

composts produced from treatments with the lowest C:N ratios. In PMCRH, T1 was significantly different 

compared to all treatments, while only T2 and T4 were not significantly different from each other. The average 

OC in PMCRH treatments was generally significantly higher compared to the PMRS treatments. A significant 

difference in total N was observed in PMRS treatments but not in PMCRH treatments. In PMRS, T1 was 

significantly different from all treatments except for T4. However, the total N in PMCRH treatments was 

significantly higher than in PMRS treatments (Table 4). 

Compost Type Treatments C:N Ratios of 

biomass waste 

mixtures 

Compost applied per 

incubation jar v/v 

(1:10)  
(g) 

Compost applied per 

soil & earthworm 

medium v/v (1:10) 
(g) 

Compost applied per plant 

at 5 t/ha. 

(g) 

PMRS Control - - - - 

T1 15:1 5 25 94 

T2 20:1 5 25 94 

 T3 25:1 5 25 94 
T4 30:1 5 25 94 

T5 35:1 5 25 94 
PMCRH Control - - - - 

T1 15:1 5 25 94 

T2 20:1 5 25 94 

T3 25:1 5 25 94 

T4 30:1 5 25 94 

T5 35:1 5 25 94 
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The total P for both PMRS and PMCRH was very high and highly significant. A distinct inverse relationship 

was observed from all treatments in both compost types. The highest total P was noted in the composts produced 

from treatments with the lowest C:N ratios and decreased as the C:N ratios increased. All treatments within PMRS 

and PMCRH were significantly different from each other except for T4 and T5 in PMCRH, which were not 

significantly different. The average total P of all treatments in PMCRH was significantly higher than PMRS (Table 

4). A high concentration of total K was observed from PMRS and PMCRH, which was highly significant. All 

treatments within PMRS and PMCRH were significantly different from each other except for T4 and T5 in 

PMCRH, which were not significantly different. Although all treatments within compost types had high total K, 

a decreasing trend of total P was observed from low to high C:N ratios of treatments. Generally, the average total 

P of all treatments in PMCRH was significantly higher than PMRS (Table 4). The total N, P, and K from PMRS 

and PMCRH were significantly different. A decreasing trend as the C:N ratio increased was observed from all 

treatments in both compost types. Specifically, PMCRH, with the lowest C:N (15:1), showed the highest total 

NPK, similar to PMRS. However, the PMCRH treatments were significantly higher than the PMRS treatments. 

On the other hand, PMRS had a total NPK ranging from 3.28 to 7.20, with treatments having C:N ratios of 15:1, 

20:1, and 25:1 that produced at least 5% total NPK. Notably, all composts produced from PMCRH had a total 

NPK ranging from 5.65 to 10.33, which the Philippine National Standards for Organic Soil Amendments 

considered organic fertilizers (Table 4).  The final C:N ratios were significantly different. In PMRS, T1 was 

significantly different compared to T3, T4, and T5, and T4 vs. T5. In PMCRH, T1 was significantly different 

compared to T2, T3, and T4.   Generally, the final C:N of all treatments from the two compost types was lower 

than 15, ranging from 4:1 to 10:1, with the treatments with the lowest C:N ratio (15:1) in PMRS and PMCRH 

noted the highest C:N ratio compared to other treatments within compost types. The lower C:N indicates that 

microorganisms used C for growth and energy during decomposition (Table 4). 

 

Table 4 Chemical properties of composts produced from poultry manure and rice straw mixture (PMRS) and 

poultry manure and carbonized rice hull mixture (PMCRH) with different C:N ratios. 

Composts 
Treatment 

C:N 

Chemical Properties 

pH OC 
(%) 

Total N 
(%) 

Total P 
(%) 

Total K 
     (%) 

Total 
NPK 

 (%) 

Final  
C:N 

PMRS 

T1 (15:1) 8.96a 7.61a 1.02a 3.13a 3.05a 7.20a 8:1a 

T2 (20:1) 8.03b 6.73b 0.88b 2.62b 2.74b 6.24b 8:1a 

T3 (25:1) 7.31cd 4.38c 0.82b 1.94c 2.21c 4.97c 5:1bc 
T4 (30:1) 7.46c 4.48c 1.05a 1.63d 1.46d 4.14d 4:1c 

T5 (35:1) 7.11d 4.57c 0.84b 1.34e 1.10e 3.28e 5:1b 

PMCRH 

T1 (15:1) 9.24a 12.41a 1.19a 3.98a 5.16a 10.33a 10:1a 

T2 (20:1) 9.14b 10.02c 1.23a 3.15b 3.95b 8.33b 8:1bc 

T3 (25:1) 7.11c 9.30d 1.20a 2.28c 3.16c 6.64c 8:1bc 
T4 (30:1) 6.80d 9.87c 1.34a 1.85d 2.59d 5.78d 7:1c 

T5 (35:1) 6.31e 11.81b 1.31a 1.79d 2.55d 5.65d 9:1ab 

Composts x Treatments         

PMRS  a a a a a a a 

PMCRH  b b b b b b b 

Significance         

Composts  ns *** ** *** *** *** *** 

Treatments  *** *** ** *** *** *** *** 

Composts x Treatments  *** *** ns *** *** *** *** 

Values are means (n=3). Different letters indicate significant differences among treatments within compost types (p ≤ 0.05; HSD Test); * F 

test significant at (p ≤ 0.05); ** F test significant at (p ≤ 0.01); ***F test significant at (p ≤ 0.001) 
 

3.3 Soil Chemical Properties 

 

There was no distinct trend observed in the soil pH after compost applications; however, some treatments were 

significantly different. In PMRS treatments, T2 was significantly different compared to T4 and T5. Although T2 

was not significantly different from the control, it had the highest soil pH compared to all treatments in PMRS. In 

PMCRH, T1 and T2 had the highest soil pH, which was significantly different compared to T4 and T5. T2 was 

slightly higher than the control but not significantly different (Table 5).  

The % OC of the test soil was moderate at 2.17. The applications of the two compost types significantly 

affected the % OC. A decrease of % OC was observed in the control, and a significant increase across all 

treatments with PMRS and PMCRH additions was noted. In PMRS, T4 and T5 were significantly higher than the 

control, T1, T2, and T3. In PMCRH, T1 had the highest % OC, which was also significantly higher compared to 

the Control, T3, T4 and T5. The treatments with the highest % OC increase in PMRS were T4 and T5 at 3.17 and 

3.15, respectively. However, in PMCRH, an increase in % OC was observed in compost additions produced with 

lower C:N ratios, such as T1 and T2, at 3.09 and 2.99, respectively. The highest % OC increase in T4 in PMRS 
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was 46% compared to T1 in PMCRH, which was 41%. Generally, PMCRH treatments increased % OC over the 

control compared to PMRS treatments (Table 5).  

The available phosphorus of the initial test soil was high at 115 ppm. Although the available P was reduced in 

the control, all other treatments were significantly increased by PMRS and PMCRH applications. A distinct trend 

was observed in both PMRS and PMCRH applications, in which compost produced from biomass wastes with 

lower C:N ratios raised the available P the highest and declined as the C:N ratio increased. The treatment with the 

highest available P in PMRS is at 452 mg/kg soil, a 393% increase compared to the initial test soil and a 402 % 

increase compared to the control. In PMCRH, the highest is at 329 mg/kg soil, a 186 % increase compared to the 

initial soil and 265 % compared to the control. Overall, PMRS treatments significantly increased the soil available 

P more compared to PMCRH treatments. Results such as these suggest that composts produced from lower C:N 

ratios effectively increase the availability of P in the soil (Table 5). 

The exchangeable K of the initial test soil was high at 0.83 cmol/kg soil and decreased in the control. A 

significant increase in K concentrations was observed in all treatments with PMRS and PMCRH applications. 

Similar to available P, a distinct trend was observed in both PMRS and PMCRH applications, where compost 

produced from biomass wastes with lower C:N ratios increased the exchangeable K the highest and declined as 

the biomass wastes increased. The highest increase in exchangeable K in PMRS treatment was in T1 at 3.87 

cmol/kg soil, equivalent to a 366 % increase compared to the initial test soil and 644% compared to the control. 

In PMCRH, T1 had 3.08 cmol/kg soil, equivalent to a 271% increase compared to the initial test soil and a 492 % 

increase compared to the control. Overall, PMRS treatments significantly increased the available K more 

compared to PMCRH treatments (Table 5). 

 

Table 5 Chemical properties of soil after treatment of composts produced from poultry manure and rice straw 

mixture (PMRS) and poultry manure and carbonized rice hull mixture (PMCRH) with different C:N ratios. 

Values are means (n=3). Different letters indicate significant differences among treatments within compost types (p ≤ 0.05; HSD Test); * F 

test significant at (p ≤ 0.05); ** F test significant at (p ≤ 0.01); ***F test significant at (p ≤ 0.001) 

 

3.4 Effect of PMRS and PMCRH on seedling emergence and seedling growth 

 

A significant difference was observed in plant biomass in both PMRS and PMCRH. All the treatments with 

compost applications yielded higher biomass than the control. In PMRS, T3 had the highest plant biomass, 

followed by T4, T5, T2, and T1, respectively. T1 was significantly different compared to all treatments except for 

the control. In PMCRH, T1 and T4 produced the same biomass, followed by T2, T3, and T5, respectively. T1 was 

significantly higher than the control, and significantly different compared to T2, T3, and T5. Overall, PMRS 

treatments significantly increased the biomass more than PMCRH treatments (Figure 2(A)).  

The root weight was significantly different in both PMRS and PMCRH-treated soils. In PMRS treatments, T4 

had the highest root weight, followed by T3, T5, T2, T1, and the control (Figure 2(B)). T4 was significantly 

different compared to all the treatments. In PMCRH, T1 had the highest root weight, followed by T4, T3, T5, and 

T2, respectively. T1 was significantly different compared to T5, T2, and the Control. All treatments treated with 

composts produced a high root weight over the control. Overall, the PMRS treatments were significantly higher 

than PMCRH treatments. The root length significantly differed in both PMRS and PMCRH treatments (Figure 

2(C)). In PMRS, T1, and T4 had the highest root lengths compared to other treatments and the control. T1 was 

Parameters Initial C:N of biomass 

waste mixtures  

pH OC 

(%) 

Avail. P 

mg/kg soil 

(Olsen) 

Avail. K 

Cmol/kg soil 

Control - 7.3 ab 1.99 c 90 d 0.52 e 

Soil + 

PMRS 

T1 (15:1) 7.0 bc 2.38 b 452 a 3.87 a 

T2 (20:1) 7.5 a 2.32 b 442 a 3.14 b 

T3 (25:1) 7.3 ab 2.24 b 332 b 2.41 c 
T4 (30:1) 7.2 bc 3.17 a 250 c 2.08 d 

T5 (35:1) 7.1 bc 3.15 a 238 c 2.15 d 

Control - 7.3 ab 1.99 d 90 d 0.52 e 
Soil + 

PMCRH 

T1 (15:1) 7.5 a 3.05 a 329 a 3.08 a 

T2 (20:1) 7.5 a 2.99 a  288 b 2.88 b 

T3 (25:1) 7.4 ab 2.58 b  176 c 2.28 c 
T4 (30:1) 7.1 bc 2.43 c 79 d 1.82 d 

T5 (35:1) 7.0 bc 2.68 b 71 d 1.75 d 

Compost x Treatments      

PMRS  a a a a 

PMCRH  a b b b 

Significance      

Composts  ns * *** *** 

Treatments (C:N ratios)  * *** *** *** 

Composts x Treatments  ns *** *** *** 
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significantly different compared to the Control and T2. In PMCRH, T2 had the highest root length, significantly 

different from the control. Collectively, PMCRH treatments had longer lengths compared to PMRS. All treatments 

in PMRS and PMCRH increased the plant height compared to the control. In PMRS, T2, T3, T4, and T5 had 

comparable plant heights, significantly higher than T2 and the control, respectively. In PMCRH, T2, T3, T4, and 

T5 had comparable plant heights, significantly higher than T2, and the control. Overall, PMCRH treatments were 

significantly higher than PMRS treatments (Figure 2(D)).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Corn seedling biomass (A); root weight (g) (B); root length (cm) (C); plant height (cm) (D) after PMRS 

and PMCRH applications. Values are means (n=3) ± standard errors. Different letters above histograms indicate 

significant differences among treatments within compost types (p ≤ 0.05; HSD Test); F test significant at p ≤ 0.01. 
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Figure 2 (Cont.) Corn seedling biomass (A); root weight (g) (B); root length (cm) (C); plant height (cm) (D) after 

PMRS and PMCRH applications. Values are means (n=3) ± standard errors. Different letters above histograms 

indicate significant differences among treatments within compost types (p ≤ 0.05; HSD Test); F test significant at 

p ≤ 0.01. 

 

In the present study, based on qualitative observations corn produced healthier root with more root hairs when 

treated with PMRS and PMCRH composts. Treated soils had corn root hairs with white colorations showing active 

water absorption Also, the corn plants from all treated soils show lush green color compared to the untreated, 

which were lanky and yellowish. 

 

3.5 Effects of PMRS and PMCRH on earthworm avoidance 

 

The earthworm avoidance test was performed to determine the tendency of Eudrilus eugeniae to avoid the 

applied compost at 10% of the media (v/v) compared to the untreated soil. This is an important indicator to provide 

information concerning the corresponding response of the test organism to the application of compost. The 

application rate of 10% (25 g/250 g soil) did not significantly stimulate avoidance in Eudrilus eugeniae, while no 

avoidance was observed in the untreated soil (Figure 3). The average avoidance of earthworms in PMRS-treated 

soil was 50%, while in PMCRH was 61%. The effective concentration of compost at EC10, did not cause a 

significant behavioral response in 50 % of the test earthworms. However, PMCRH treatments had relatively higher 

avoidance compared to PMRS treatments which can be attributed to sudden changes in pH as the treatments had 

higher pH analyses that also increased the soil pH. Earthworms are considered bioindicators of soil quality as they 

influence OM decomposition, C:N cycling in the soil, soil porosity, water infiltration, and soil structure [22].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Earthworm avoidance rate on the application of PMRS and PMCRH treatments produced from biomass 

wastes with different carbon-nitrogen C:N ratios at 1:10 v/v. 

(D) 
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3.6 CO2 emissions from different treatments 

Figure 4 shows the cumulative carbon dioxide emissions from different treatments. Results show that a faster 

rate of CO2 release was observed in the first seven days, with a peak at Day 2 and reduced after that in all 

treatments during the five weeks incubation period. The CO2 emissions of all treatments from the two compost 

types in descending order are as follows: T1 PMRS (35.15 mg CO2), T2 PMRS (34.56 mg CO2), T3 PMRS (27.19 

mg CO2), control (19.62 mg CO2), T4 PMRS (18.64 mg CO2), T3 PMCRH (13.59 mg CO2), T5 PMRS (12.92 mg 

CO2), T5 PMCRH (12.76 mg CO2), T4 PMCRH (9.63 mg CO2), T1 PMCRH (8.97 mg CO2), T2 PMCRH (8.24 

mg CO2). In PMRS, T1 had the highest CO2 evolution, followed by T2, T3, Control, T4, and T5. T1 was 

significantly higher than the Control, T3, T4, and T5 but not significantly different compared to T2, while T4 and 

T5 were significantly lower than the control and significantly different from each other. A decreasing emission 

trend was noted in PMRS as the C:N ratios of biomass wastes increased. In PMCRH, all treatments were 

significantly lower than the control. The CO2 emissions of T3 and T5 were comparable and significantly higher 

than T1, T2, and T4. Overall, PMRS treatments had significantly higher CO2 emissions than PMCRH treatments. 

The PMCRH composts show a constant decrease in CO2 emissions compared to PMRS treatments, which can be 

related to the carbonized rice hull mixed with poultry manure, which had undergone substantial decomposition 

that lowered the CO2 emissions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Cumulative CO2 emission during the 35d incubation period of PMRS and PMCRH compost applications 

produced from biomass wastes with different carbon-nitrogen C:N ratios. 

 

3.7 Carbon to Nitrogen (C:N) Ratio 

 

The carbon-to-nitrogen (C:N) ratio of organic materials can vary significantly due to several factors such as 

environmental conditions, intraspecific variability of biomass, type of organic material, stage of decomposition, 

moisture content, age of biomass, carbon types, etc. The C:N ratio is influenced by the type of organic matter 

being composted. For example, plant materials like leaves and grass clippings tend to have higher C:N ratios, 

typically 20:1 to 40:1, while animal manures and food waste have lower C:N ratios, typically 5:1 to 15:1 [23]. 

The regional variations in environmental conditions can also influence the C:N ratio. For example, differences in 

temperature, precipitation, and soil type can affect the decomposition rate and C:N ratio of organic matter [23].  

There can be intraspecific variability in the C:N ratio within a single species, which can be influenced by factors 

such as age, growth conditions, and nutrient availability [23].  Some materials have varying C:N ratios due to 

differences in their composition and the proportion of carbon and nitrogen they contain such as the type of organic 

material. Different organic materials, such as plant residues, animal waste, and microorganisms, have distinct C:N 

ratios. For example, sawdust and paper clippings typically have high C:N ratios, while manures and grass clippings 

have lower C:N ratios [24].  
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The stage of decomposition can also change the C:N ratio of organic materials as they decompose. For instance, 

as organic matter breaks down, the C:N ratio tends to decrease due to the conversion of organic carbon to carbon 

dioxide [24]. The age of the biomass can influence the varied C:N ratio depending on the stage of growth the 

biomass source. Young plants tend to have higher C:N ratios than older plants, which have more lignin and less 

carbohydrates [24]. Additionally, the types of carbon present in organic materials can also influence their C:N 

ratios. For example, lignin, a key component of plant cell walls, can have a higher C:N ratio than other carbon 

sources [24]. Similarly, the moisture content of organic materials can also impact their C:N ratio. Higher moisture 

cs can lead to anaerobic conditions, which can slow down decomposition and increase the C:N ratio [10]. 

 

3.8 Chemical Properties 

 

Based on the chemical analysis, all three biomass wastes held a very high % OC and % total N. The CRH had 

the highest % OC (44.28), followed by rice straw (33.22) and poultry manure (6.64). Poultry manure had the 

highest total N (0.83%), followed by CRH (0.74%) and rice straw (0.65%). For the % total P, poultry manure had 

the highest content (1.08), followed by CRH (0.16) and rice straw (0.11). As expected, CRH had the highest total 

K (0.19) due to its ash content, followed by poultry manure (0.15) and rice straw (0.14) (Table 1). The two compost 

types from PMRS and PMCRH had high OC, total N, total P, and total K. Organic carbon in the soil is believed 

to play a crucial role in many soil functions and ecosystem services [25). Furthermore, soil organic carbon plays 

a dynamic role in the global carbon cycle and climate change. Also, when OC is added and stabilized in the soil, 

it becomes a significant carbon reservoir in terrestrial ecosystems and regulates soil health and productivity [25]. 

In the present study, applying composts increased the OC and total N, P, and K contents in the soil and improved 

the growth of the test plants. Song et al. (2015), noted that organic matter amendments increased corn yield and 

maintained a sustainable increasing trend in corn yield due to the enhancement of soil fertility and resilience to 

climate changes [25].  

The chemical analyses of composts coming from biomass with different C:N ratios can vary significantly as 

the C:N ratio of the biomass affects the rate and extent of decomposition. Higher C:N ratios indicate a higher 

proportion of carbon relative to nitrogen, which can lead to slower decomposition rates. Conversely, lower C:N 

ratios indicate a higher proportion of nitrogen, which can lead to faster decomposition rates [26,27]. The C:N ratio 

also affects microbial activity. Microorganisms require a balanced C:N ratio to thrive. Higher C:N ratios can lead 

to nitrogen limitation, which slows down microbial activity and decomposition. Lower C:N ratios can lead to 

carbon limitation, which can also slow down decomposition. However, if the C:N ratio is too low, nitrogen may 

be lost from the system, reducing the overall nutrient availability [26,27]. 
The influence of C:N ratio on temperature and pH conditions within the compost pile affects the resulting 

compost. Higher C:N ratios can lead to lower temperatures and higher pH values, which can slow down microbial 

activity. Lower C:N ratios can lead to higher temperatures and lower pH values, which can enhance microbial 

activity [27]. These factors collectively influence the chemical analyses of composts coming from biomass with 

different C:N ratios, resulting in varying stages of decomposition, microbial activity, and nutrient availability. 

 

3.9 Corn Growth 

 

The applications of two compost types significantly improved the plant biomass, root weight, and root length. 

Root weight is a commonly used parameter for root growth studies in response to the environment [28]. 

Additionally, root length is a widely used indicator for explaining root systems and predicting their response to 

environmental changes. In the present study, the root length was significantly different. Root absorption of 

nutrients and water is related to the root length and surface area. In this relation, the root length is a better 

parameter of root growth in comparing the absorption of water and nutrients [28]. 

 

3.9.1 Earthworm Avoidance 

In the present study, there was no earthworm mortality after 48 hours. No significant difference was observed 

in the earthworm avoidance rate between PMRS and PMCRH treatments. This observation suggests that 

applications of composts produced from biomass wastes with initial C:N ratios ranging from 15:1–35:1 are safe 

for earthworms. Earthworms play a critical role in the soil system as they modify the soil environment by changing 

soil characteristics. They can improve soil physical qualities such as bulk density, infiltrability, hydraulic 

conductivity, porosity, and aggregate stability. Because of this ability, they are the only species that plays a 

substantial part in pedoturbation. Similarly, their significance in nutrient cycling and organic matter degradation 

is crucial [29]. 
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3.9.2 CO2 Emissions 

 

The co-composting of poultry manure and CRH reduced the CO2 emissions from PMCRH treatments. The 

average CO2 emissions from all PMRCH treatments was 10. 64 mg CO2, while the average for the PMRS 

treatments was 25.69 mg CO2 compared to the control with 19.62 mg CO2.  Based on the PMRS treatments' 

average emissions compared to the control, the difference of 6.07 mg CO2 per 100 g soil is estimated to be 121.4 

kg of CO2 emitted per 2,000,000 kg soil or 1-hectare furrow slice soil. On the other hand, a net CO2 sequestration 

was observed in PMCRH treatments with 8.98 mg CO2 per 100 g soil is equivalent to 179.6 kg of CO2 captured 

per 2,000,000 kg soil or 1 ha furrow slice soil. This observation suggests that applying co-composted poultry 

manure and CRH will improve soil health, enhance plant growth, and help capture CO2, a primary greenhouse 

gas. Research findings mentioned that mixing and composting rice husk biochar in poultry litter with a C:N ratio 

of 25 helps reduce CO2 emissions [24]. Similarly, rice hull with amine-functionalized can adsorb a large amount 

of CO2 at the highest total amount of CO2 adsorbed at 25,338.57 mg of CO2/g [30].  

4. Conclusions 

This study examined the chemical properties of composts derived from organic biomass wastes with varying 

C:N ratios and their effects on the morpho-physiological responses of corn, earthworm behavior, and CO2 

emissions associated with compost applications. Findings show that increasing C:N ratios of biomass wastes 

decreased the pH of the resulting compost but maintained high values of OC, total N, total P, total P, total K, and 

total NPK content. The application of PMRS and PMCRH improved soil pH, and increased values of OC, 

available P, and exchangeable K. Additionally, their applications increased plant biomass, root weight, root length, 

and plant height. The avoidance test revealed that compost applications (10% v/v) did not adversely affect the 

earthworm populations. All PMCRH treatments resulted in net CO2 sequestration. The study concluded that co-

composting poultry manure and CRH produces an enriched organic soil amendment and offers greater carbon 

capture potential than conventional biomass composting methods.  
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