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Abstract
Understanding the dynamics of carbon (C), nitrogen (N), and microbial activity under 

integrated nutrient management is essential for promoting soil health and sustainable 
agriculture, yet remains inadequately explored in paddy systems. This study aimed to assess 
the temporal changes in soil C and N pools, C stock, microbial biomass, and rice yields under 
the in�luence of organic and inorganic fertilizers. An experiment was conducted during 
transplanted Aman season at the research �ield of Gazipur Agricultural University, Bangladesh. 
The experiment followed a randomized complete block design with �ive treatments: Control 
(no organic input), cow dung (CD), vermicompost (VC), rice straw (RS), and poultry manure 
(PM), each applied at a C-equivalent rate of 2 t ha-1. The results demonstrated signi�icant 
improvements in soil organic carbon and nitrogen dynamics due to organic amendments. Soil 
C content increased notably by 30 days after transplanting (DAT), with CD treatment achieving 
the highest gain (29%), followed by RS, PM, and VC. However, soil C gradually declined 
thereafter, indicating temporal turnover of organic matter. Inorganic and organic nutrient 
additions signi�icantly enhanced total N, ammonium, and nitrate levels 2-5 folds compared to 
initial values. Microbial biomass was positively in�luenced, re�lecting enhanced biological 
activity and nutrient cycling. Notably, the PM treatment yielded the highest rice grain 
production (6.42 t ha-1), followed by RS and VC. These �indings underscore the critical role of 
integrated organic inputs in restoring soil C and N pools, stimulating microbial processes, and 
enhancing crop productivity. The study provides vital evidence that integrating organic 
amendments in nutrient management is a viable strategy to boost soil health and ensure 
long-term sustainability in rice-based agroecosystems.
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1. Introduction 
Rice (Oryza sativa L.) is a critical staple food, meeting about one-�ifth of the daily caloric 

needs for over half of the global population (Birla et al., 2017; Al-Amin et al., 2025). In 
Bangladesh, rice dominates the cropping system, occupying nearly 75% of the total cropped 
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Soils in Bangladesh are becoming increasingly degraded due to continuous intensive 
cropping with high-yielding varieties and excessive dependence on synthetic fertilizers, with 
minimal or no addition of organic inputs (Ferdous et al., 2021; Rahman et al., 2024). This has 
led to nutrient imbalances, loss of SOM, poor soil structure, and reduced biological activity.  
These scenarios jeopardize sustainable crop production. Moreover, the country's climate 
characterized by high temperature and humidity accelerates SOM  mineralization, leading to 
elevated CO₂ emissions and reduced C sequestration. Considering such circumstances, we 
hypothesized that the integration of organic amendments with inorganic fertilizers improves 
the temporal dynamics of soil C and N, enhances microbial biomass and activity, rice yields 
compared to sole inorganic fertilizer application. The study objectives were: to investigate the 
temporal dynamics of soil C, N, and C stock under different organic amendments in paddy 
soils, to assess changes in microbial biomass C and N during the rice-growing season, and rice 
grain yields as in�luenced by organic inputs. This study aimed to provide comprehensive 
insights into soil biological and nutrient processes under integrated nutrient management, 
contributing to improved soil health, enhanced productivity, and long-term sustainability of 
rice-based cropping systems in Bangladesh.

2. Materials and Methods

2.1 Experimental site and soil
The �ield experiment was carried out at the research �ield of Department of Soil Science, 

Gazipur Agricultural University (GAU), Gazipur 1706, Bangladesh during July 2022 to 
December 2022 in Aman season using variety BRRI Dhan49. The experimental site is located 
in 24.090 N latitude and 90.260 E longitudes at 8.5 m above the mean sea level. The study area 
was under the Madhupur Tract (AEZ 28). Nationally, the experimental �ield belongs to the 
Sanla series of shallow red brown terrace soil and according to the USDA it is classi�ied under 
the order of Inceptisols. The soil is silty clay loam in texture and acidic in nature being 
characterized by poor fertility status and impeded internal drainage.

2.2 Treatments and design of the experiment
There were �ive treatments in the experiment viz., (i) Control (only inorganic fertilizers), 

(ii) Cow dung (CD), (iii) Vermicompost (VC), (iv) Rice straw (RS), and (v) Poultry manure 
(PM). The organic materials were applied considering carbon rate 2 t ha-1. The treatments 
were laid out in a randomized completely block design with four replications. The whole 
experimental �ield was divided into four blocks and each block representing a replication. 
Each block was further subdivided into 5-unit plots. Total number of plots were 20, and the 
unit plot size was 4 m × 5 m, while the plots were separated by 0.5 m.

2.3 Land preparation, manuring and fertilization
The selected land was well ploughed with tractor drawn disc plough followed by 

harrowing and laddering up to a good tilth. All weeds and stubbles were removed. The plots 

area and more than 80% of irrigated land (Islam et al., 2024). However, the increasing 
pressure to meet rising food demands amidst shrinking cultivable land and a growing 
population have led to the intensive use of chemical fertilizers (Abdullah et al., 2019; Rahman 
et al., 2020a). While this practice has temporarily enhanced productivity, it has also 
accelerated the depletion of soil organic matter (SOM), degraded soil structure, reduced 
microbial activity, and ultimately undermined soil fertility and soil health (Rahman and Billah, 
2024). SOM plays a central role in sustaining agricultural systems, acting as a reservoir for 
essential nutrients such as carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) (Rahman, 
2014). It also in�luences key soil properties including bulk density, water-holding capacity, and 
nutrient cycling (Roy et al., 2019). In rice-based cropping systems, particularly under �looded 
conditions, the dynamics of SOM are complex due to continuous submergence, high 
temperatures, and rapid microbial decomposition. These conditions intensify C 
mineralization and result in signi�icant CO₂ emissions, contributing to climate change 
(Rahman et al., 2016; Hossain et al., 2017; Aro�i et al., 2019).

Integrated nutrient management (INM), the strategic combination of organic and 
inorganic nutrient sources has emerged as a sustainable alternative to conventional 
fertilizer-based practices (Al-Amin et al., 2024). Organic amendments such as poultry 
manure (PM), cow dung (CD), rice straw (RS), and vermicompost (VC) improve soil physical 
and chemical properties, promote microbial diversity, enhance nutrient retention, and 
contribute to long-term C sequestration (Rahman et al., 2022). Their decomposition not 
only supports microbial biomass growth but also sustains nutrient release over time, 
improving crop nutrient use ef�iciency and resilience (Alam et al., 2019). Microbial biomass 
is a sensitive and reliable indicator of soil biological activity and fertility (Alam et al., 2023; 
Khanam et al., 2024). It represents a labile pool of nutrients available for plant uptake and 
plays a crucial role in driving biogeochemical processes, especially C and N transformations 
(Jenkinson, 1990; Rahman et al., 2020b). Although microbial biomass constitutes only a 
small fraction of total soil C (0.1–5%), its in�luence on nutrient cycling and soil function is 
signi�icant (Singh and Gupta, 2018). The quantity and composition of soil microbes are 
closely in�luenced by management practices, particularly organic input types and tillage 
intensity (Wang et al., 2017). For instance, tillage often reduces microbial abundance and 
SOM by disrupting soil aggregates and enhancing C oxidation (Weidhuner et al., 2021). 
Despite the growing awareness of the bene�its of INM, limited data exist on the temporal 
dynamics of soil C and N, microbial populations, and rice yields in soils amended with 
diverse organic materials in the subtropical conditions of Bangladesh. Particularly under 
paddy rice systems, the transformation patterns of applied organic materials and their 
contribution to C sequestration, microbial activity, and crop productivity remain 
underexplored. The effect of different organic amendments such as PM, CD, RS, and VC on 
microbial biomass C and N and their relationship with nutrient cycling processes during the 
rice-growing season is not well documented.

were prepared with drains made around each plot. Ridges were compacted and raised around 
each plot to restrict the lateral run off irrigation water. Well decomposed cow dung (CD), 
vermicompost (VC), poultry manure (PM), rice straw (RS) was applied in the respective 
treatments one week before �inal land preparation. Different organic materials, their nutrient 
concentrations and amount of nutrient added in soils are provided in the Table 1.

Soil test-based fertilizer rates for the control treatment were 75, 15, 55 kg ha-1 of N, P and 
K, respectively. Sulphur and zinc were applied @ 16 and 2 kg ha-1, respectively in the previous 
boro season. Inorganic treatments, N, P and K were applied following integrated plant nutrient 
systems. Phosphorous (P) and potassium (K) were applied at the time of �inal land 
preparation in the form of triple super phosphate (TSP) and muriate of potash, respectively. 
Nitrogen (N) from urea was applied in three equal splits. One third of urea was applied at the 
time of �inal land preparation. 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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were prepared with drains made around each plot. Ridges were compacted and raised around 
each plot to restrict the lateral run off irrigation water. Well decomposed cow dung (CD), 
vermicompost (VC), poultry manure (PM), rice straw (RS) was applied in the respective 
treatments one week before �inal land preparation. Different organic materials, their nutrient 
concentrations and amount of nutrient added in soils are provided in the Table 1.

Soil test-based fertilizer rates for the control treatment were 75, 15, 55 kg ha-1 of N, P and 
K, respectively. Sulphur and zinc were applied @ 16 and 2 kg ha-1, respectively in the previous 
boro season. Inorganic treatments, N, P and K were applied following integrated plant nutrient 
systems. Phosphorous (P) and potassium (K) were applied at the time of �inal land 
preparation in the form of triple super phosphate (TSP) and muriate of potash, respectively. 
Nitrogen (N) from urea was applied in three equal splits. One third of urea was applied at the 
time of �inal land preparation. 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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Abstract
Understanding the dynamics of carbon (C), nitrogen (N), and microbial activity under 

integrated nutrient management is essential for promoting soil health and sustainable 
agriculture, yet remains inadequately explored in paddy systems. This study aimed to assess 
the temporal changes in soil C and N pools, C stock, microbial biomass, and rice yields under 
the in�luence of organic and inorganic fertilizers. An experiment was conducted during 
transplanted Aman season at the research �ield of Gazipur Agricultural University, Bangladesh. 
The experiment followed a randomized complete block design with �ive treatments: Control 
(no organic input), cow dung (CD), vermicompost (VC), rice straw (RS), and poultry manure 
(PM), each applied at a C-equivalent rate of 2 t ha-1. The results demonstrated signi�icant 
improvements in soil organic carbon and nitrogen dynamics due to organic amendments. Soil 
C content increased notably by 30 days after transplanting (DAT), with CD treatment achieving 
the highest gain (29%), followed by RS, PM, and VC. However, soil C gradually declined 
thereafter, indicating temporal turnover of organic matter. Inorganic and organic nutrient 
additions signi�icantly enhanced total N, ammonium, and nitrate levels 2-5 folds compared to 
initial values. Microbial biomass was positively in�luenced, re�lecting enhanced biological 
activity and nutrient cycling. Notably, the PM treatment yielded the highest rice grain 
production (6.42 t ha-1), followed by RS and VC. These �indings underscore the critical role of 
integrated organic inputs in restoring soil C and N pools, stimulating microbial processes, and 
enhancing crop productivity. The study provides vital evidence that integrating organic 
amendments in nutrient management is a viable strategy to boost soil health and ensure 
long-term sustainability in rice-based agroecosystems.

Keywords: Carbon and nitrogen dynamics, Microbial biomass, Carbon stock, Rice yield 

1. Introduction 
Rice (Oryza sativa L.) is a critical staple food, meeting about one-�ifth of the daily caloric 

needs for over half of the global population (Birla et al., 2017; Al-Amin et al., 2025). In 
Bangladesh, rice dominates the cropping system, occupying nearly 75% of the total cropped 

Soils in Bangladesh are becoming increasingly degraded due to continuous intensive 
cropping with high-yielding varieties and excessive dependence on synthetic fertilizers, with 
minimal or no addition of organic inputs (Ferdous et al., 2021; Rahman et al., 2024). This has 
led to nutrient imbalances, loss of SOM, poor soil structure, and reduced biological activity.  
These scenarios jeopardize sustainable crop production. Moreover, the country's climate 
characterized by high temperature and humidity accelerates SOM  mineralization, leading to 
elevated CO₂ emissions and reduced C sequestration. Considering such circumstances, we 
hypothesized that the integration of organic amendments with inorganic fertilizers improves 
the temporal dynamics of soil C and N, enhances microbial biomass and activity, rice yields 
compared to sole inorganic fertilizer application. The study objectives were: to investigate the 
temporal dynamics of soil C, N, and C stock under different organic amendments in paddy 
soils, to assess changes in microbial biomass C and N during the rice-growing season, and rice 
grain yields as in�luenced by organic inputs. This study aimed to provide comprehensive 
insights into soil biological and nutrient processes under integrated nutrient management, 
contributing to improved soil health, enhanced productivity, and long-term sustainability of 
rice-based cropping systems in Bangladesh.

2. Materials and Methods

2.1 Experimental site and soil
The �ield experiment was carried out at the research �ield of Department of Soil Science, 

Gazipur Agricultural University (GAU), Gazipur 1706, Bangladesh during July 2022 to 
December 2022 in Aman season using variety BRRI Dhan49. The experimental site is located 
in 24.090 N latitude and 90.260 E longitudes at 8.5 m above the mean sea level. The study area 
was under the Madhupur Tract (AEZ 28). Nationally, the experimental �ield belongs to the 
Sanla series of shallow red brown terrace soil and according to the USDA it is classi�ied under 
the order of Inceptisols. The soil is silty clay loam in texture and acidic in nature being 
characterized by poor fertility status and impeded internal drainage.

2.2 Treatments and design of the experiment
There were �ive treatments in the experiment viz., (i) Control (only inorganic fertilizers), 

(ii) Cow dung (CD), (iii) Vermicompost (VC), (iv) Rice straw (RS), and (v) Poultry manure 
(PM). The organic materials were applied considering carbon rate 2 t ha-1. The treatments 
were laid out in a randomized completely block design with four replications. The whole 
experimental �ield was divided into four blocks and each block representing a replication. 
Each block was further subdivided into 5-unit plots. Total number of plots were 20, and the 
unit plot size was 4 m × 5 m, while the plots were separated by 0.5 m.

2.3 Land preparation, manuring and fertilization
The selected land was well ploughed with tractor drawn disc plough followed by 

harrowing and laddering up to a good tilth. All weeds and stubbles were removed. The plots 
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area and more than 80% of irrigated land (Islam et al., 2024). However, the increasing 
pressure to meet rising food demands amidst shrinking cultivable land and a growing 
population have led to the intensive use of chemical fertilizers (Abdullah et al., 2019; Rahman 
et al., 2020a). While this practice has temporarily enhanced productivity, it has also 
accelerated the depletion of soil organic matter (SOM), degraded soil structure, reduced 
microbial activity, and ultimately undermined soil fertility and soil health (Rahman and Billah, 
2024). SOM plays a central role in sustaining agricultural systems, acting as a reservoir for 
essential nutrients such as carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) (Rahman, 
2014). It also in�luences key soil properties including bulk density, water-holding capacity, and 
nutrient cycling (Roy et al., 2019). In rice-based cropping systems, particularly under �looded 
conditions, the dynamics of SOM are complex due to continuous submergence, high 
temperatures, and rapid microbial decomposition. These conditions intensify C 
mineralization and result in signi�icant CO₂ emissions, contributing to climate change 
(Rahman et al., 2016; Hossain et al., 2017; Aro�i et al., 2019).

Integrated nutrient management (INM), the strategic combination of organic and 
inorganic nutrient sources has emerged as a sustainable alternative to conventional 
fertilizer-based practices (Al-Amin et al., 2024). Organic amendments such as poultry 
manure (PM), cow dung (CD), rice straw (RS), and vermicompost (VC) improve soil physical 
and chemical properties, promote microbial diversity, enhance nutrient retention, and 
contribute to long-term C sequestration (Rahman et al., 2022). Their decomposition not 
only supports microbial biomass growth but also sustains nutrient release over time, 
improving crop nutrient use ef�iciency and resilience (Alam et al., 2019). Microbial biomass 
is a sensitive and reliable indicator of soil biological activity and fertility (Alam et al., 2023; 
Khanam et al., 2024). It represents a labile pool of nutrients available for plant uptake and 
plays a crucial role in driving biogeochemical processes, especially C and N transformations 
(Jenkinson, 1990; Rahman et al., 2020b). Although microbial biomass constitutes only a 
small fraction of total soil C (0.1–5%), its in�luence on nutrient cycling and soil function is 
signi�icant (Singh and Gupta, 2018). The quantity and composition of soil microbes are 
closely in�luenced by management practices, particularly organic input types and tillage 
intensity (Wang et al., 2017). For instance, tillage often reduces microbial abundance and 
SOM by disrupting soil aggregates and enhancing C oxidation (Weidhuner et al., 2021). 
Despite the growing awareness of the bene�its of INM, limited data exist on the temporal 
dynamics of soil C and N, microbial populations, and rice yields in soils amended with 
diverse organic materials in the subtropical conditions of Bangladesh. Particularly under 
paddy rice systems, the transformation patterns of applied organic materials and their 
contribution to C sequestration, microbial activity, and crop productivity remain 
underexplored. The effect of different organic amendments such as PM, CD, RS, and VC on 
microbial biomass C and N and their relationship with nutrient cycling processes during the 
rice-growing season is not well documented.

were prepared with drains made around each plot. Ridges were compacted and raised around 
each plot to restrict the lateral run off irrigation water. Well decomposed cow dung (CD), 
vermicompost (VC), poultry manure (PM), rice straw (RS) was applied in the respective 
treatments one week before �inal land preparation. Different organic materials, their nutrient 
concentrations and amount of nutrient added in soils are provided in the Table 1.

Soil test-based fertilizer rates for the control treatment were 75, 15, 55 kg ha-1 of N, P and 
K, respectively. Sulphur and zinc were applied @ 16 and 2 kg ha-1, respectively in the previous 
boro season. Inorganic treatments, N, P and K were applied following integrated plant nutrient 
systems. Phosphorous (P) and potassium (K) were applied at the time of �inal land 
preparation in the form of triple super phosphate (TSP) and muriate of potash, respectively. 
Nitrogen (N) from urea was applied in three equal splits. One third of urea was applied at the 
time of �inal land preparation. 

3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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Abstract
Understanding the dynamics of carbon (C), nitrogen (N), and microbial activity under 

integrated nutrient management is essential for promoting soil health and sustainable 
agriculture, yet remains inadequately explored in paddy systems. This study aimed to assess 
the temporal changes in soil C and N pools, C stock, microbial biomass, and rice yields under 
the in�luence of organic and inorganic fertilizers. An experiment was conducted during 
transplanted Aman season at the research �ield of Gazipur Agricultural University, Bangladesh. 
The experiment followed a randomized complete block design with �ive treatments: Control 
(no organic input), cow dung (CD), vermicompost (VC), rice straw (RS), and poultry manure 
(PM), each applied at a C-equivalent rate of 2 t ha-1. The results demonstrated signi�icant 
improvements in soil organic carbon and nitrogen dynamics due to organic amendments. Soil 
C content increased notably by 30 days after transplanting (DAT), with CD treatment achieving 
the highest gain (29%), followed by RS, PM, and VC. However, soil C gradually declined 
thereafter, indicating temporal turnover of organic matter. Inorganic and organic nutrient 
additions signi�icantly enhanced total N, ammonium, and nitrate levels 2-5 folds compared to 
initial values. Microbial biomass was positively in�luenced, re�lecting enhanced biological 
activity and nutrient cycling. Notably, the PM treatment yielded the highest rice grain 
production (6.42 t ha-1), followed by RS and VC. These �indings underscore the critical role of 
integrated organic inputs in restoring soil C and N pools, stimulating microbial processes, and 
enhancing crop productivity. The study provides vital evidence that integrating organic 
amendments in nutrient management is a viable strategy to boost soil health and ensure 
long-term sustainability in rice-based agroecosystems.

Keywords: Carbon and nitrogen dynamics, Microbial biomass, Carbon stock, Rice yield 

1. Introduction 
Rice (Oryza sativa L.) is a critical staple food, meeting about one-�ifth of the daily caloric 

needs for over half of the global population (Birla et al., 2017; Al-Amin et al., 2025). In 
Bangladesh, rice dominates the cropping system, occupying nearly 75% of the total cropped 

Soils in Bangladesh are becoming increasingly degraded due to continuous intensive 
cropping with high-yielding varieties and excessive dependence on synthetic fertilizers, with 
minimal or no addition of organic inputs (Ferdous et al., 2021; Rahman et al., 2024). This has 
led to nutrient imbalances, loss of SOM, poor soil structure, and reduced biological activity.  
These scenarios jeopardize sustainable crop production. Moreover, the country's climate 
characterized by high temperature and humidity accelerates SOM  mineralization, leading to 
elevated CO₂ emissions and reduced C sequestration. Considering such circumstances, we 
hypothesized that the integration of organic amendments with inorganic fertilizers improves 
the temporal dynamics of soil C and N, enhances microbial biomass and activity, rice yields 
compared to sole inorganic fertilizer application. The study objectives were: to investigate the 
temporal dynamics of soil C, N, and C stock under different organic amendments in paddy 
soils, to assess changes in microbial biomass C and N during the rice-growing season, and rice 
grain yields as in�luenced by organic inputs. This study aimed to provide comprehensive 
insights into soil biological and nutrient processes under integrated nutrient management, 
contributing to improved soil health, enhanced productivity, and long-term sustainability of 
rice-based cropping systems in Bangladesh.

2. Materials and Methods

2.1 Experimental site and soil
The �ield experiment was carried out at the research �ield of Department of Soil Science, 

Gazipur Agricultural University (GAU), Gazipur 1706, Bangladesh during July 2022 to 
December 2022 in Aman season using variety BRRI Dhan49. The experimental site is located 
in 24.090 N latitude and 90.260 E longitudes at 8.5 m above the mean sea level. The study area 
was under the Madhupur Tract (AEZ 28). Nationally, the experimental �ield belongs to the 
Sanla series of shallow red brown terrace soil and according to the USDA it is classi�ied under 
the order of Inceptisols. The soil is silty clay loam in texture and acidic in nature being 
characterized by poor fertility status and impeded internal drainage.

2.2 Treatments and design of the experiment
There were �ive treatments in the experiment viz., (i) Control (only inorganic fertilizers), 

(ii) Cow dung (CD), (iii) Vermicompost (VC), (iv) Rice straw (RS), and (v) Poultry manure 
(PM). The organic materials were applied considering carbon rate 2 t ha-1. The treatments 
were laid out in a randomized completely block design with four replications. The whole 
experimental �ield was divided into four blocks and each block representing a replication. 
Each block was further subdivided into 5-unit plots. Total number of plots were 20, and the 
unit plot size was 4 m × 5 m, while the plots were separated by 0.5 m.

2.3 Land preparation, manuring and fertilization
The selected land was well ploughed with tractor drawn disc plough followed by 

harrowing and laddering up to a good tilth. All weeds and stubbles were removed. The plots 

area and more than 80% of irrigated land (Islam et al., 2024). However, the increasing 
pressure to meet rising food demands amidst shrinking cultivable land and a growing 
population have led to the intensive use of chemical fertilizers (Abdullah et al., 2019; Rahman 
et al., 2020a). While this practice has temporarily enhanced productivity, it has also 
accelerated the depletion of soil organic matter (SOM), degraded soil structure, reduced 
microbial activity, and ultimately undermined soil fertility and soil health (Rahman and Billah, 
2024). SOM plays a central role in sustaining agricultural systems, acting as a reservoir for 
essential nutrients such as carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) (Rahman, 
2014). It also in�luences key soil properties including bulk density, water-holding capacity, and 
nutrient cycling (Roy et al., 2019). In rice-based cropping systems, particularly under �looded 
conditions, the dynamics of SOM are complex due to continuous submergence, high 
temperatures, and rapid microbial decomposition. These conditions intensify C 
mineralization and result in signi�icant CO₂ emissions, contributing to climate change 
(Rahman et al., 2016; Hossain et al., 2017; Aro�i et al., 2019).

Integrated nutrient management (INM), the strategic combination of organic and 
inorganic nutrient sources has emerged as a sustainable alternative to conventional 
fertilizer-based practices (Al-Amin et al., 2024). Organic amendments such as poultry 
manure (PM), cow dung (CD), rice straw (RS), and vermicompost (VC) improve soil physical 
and chemical properties, promote microbial diversity, enhance nutrient retention, and 
contribute to long-term C sequestration (Rahman et al., 2022). Their decomposition not 
only supports microbial biomass growth but also sustains nutrient release over time, 
improving crop nutrient use ef�iciency and resilience (Alam et al., 2019). Microbial biomass 
is a sensitive and reliable indicator of soil biological activity and fertility (Alam et al., 2023; 
Khanam et al., 2024). It represents a labile pool of nutrients available for plant uptake and 
plays a crucial role in driving biogeochemical processes, especially C and N transformations 
(Jenkinson, 1990; Rahman et al., 2020b). Although microbial biomass constitutes only a 
small fraction of total soil C (0.1–5%), its in�luence on nutrient cycling and soil function is 
signi�icant (Singh and Gupta, 2018). The quantity and composition of soil microbes are 
closely in�luenced by management practices, particularly organic input types and tillage 
intensity (Wang et al., 2017). For instance, tillage often reduces microbial abundance and 
SOM by disrupting soil aggregates and enhancing C oxidation (Weidhuner et al., 2021). 
Despite the growing awareness of the bene�its of INM, limited data exist on the temporal 
dynamics of soil C and N, microbial populations, and rice yields in soils amended with 
diverse organic materials in the subtropical conditions of Bangladesh. Particularly under 
paddy rice systems, the transformation patterns of applied organic materials and their 
contribution to C sequestration, microbial activity, and crop productivity remain 
underexplored. The effect of different organic amendments such as PM, CD, RS, and VC on 
microbial biomass C and N and their relationship with nutrient cycling processes during the 
rice-growing season is not well documented.

Carbon stock (t ha-1) = Carbon concentration (%) x bulk density (g cm-3) x depth (cm)
Carbon enrichment (t ha-1) =Final C in OM treated plot (t ha-1) – Final C in fertilizer control plot 
(t ha-1)

2.6 Soil samples processing and analysis
Collected soil samples were processed, preserved and analyzed as per standard protocols. 

Soil pH was measured by a glass electrode pH meter using a soil water ratio of 1:2.5 (Black, 
1965). Soil organic carbon was estimated by Walkley and Black’s wet oxidation method as 
described by Jackson (1973). Total nitrogen was determined by micro-Kjeldahl method by 
(Page et al., 1989). Nitrate N (NO3

--N) and ammonium N (NH4+-N) of soil samples were 
estimated by a diffusion technique as described by Khan et al. (2000). The bulk density of soil 
was determined using the core sampling method. The chloroform fumigation extraction 
method provided by Anderson and Domsch (1978) was used to estimate the amount of 
microbial biomass C in soils. Biomass N was determined according to the method described by 
Brooks et al. (1985a and 1985b).

2.7 Statistical data analysis
The data collected on different parameters were subjected to statistical analysis using 

procedure described by Gomez and Gomez (1984). Microsoft EXCEL and Statistix 10 software 
program were used wherever appropriate to perform statistical analysis. Relationships among 
the parameters were established through correlation and regression analysis. Mean 
differences among the treatments were adjusted by using the least signi�icance difference 
(LSD) test at 5% level of signi�icance.

3. Results and Discussion

3.1 Soil pH and organic carbon as affected by different organic and inorganic fertilizers 
Combined application of organic and inorganic fertilizers as integrated nutrient 

management showed signi�icant effects on soil pH in each time of sample collection of rice 
growing season (Table 2). The initial soil pH was slightly acidic (6.11 - 6.33), while at �inal 
sampling of 130 days after transplanting (DAT) it again appeared as slightly acidic even 
though values under different treatments decreased with an exception in case of 
vermicompost (VC) where pH increased from 6.14 to 6.24. In each sampling day, treatments 
exhibited signi�icant effects on soil pH, however, the highest increase of pH (6.60) was found 
in poultry manure (PM) treatment at 30 and 60 DAT, and in case of rice straw (RS) treatment 
the highest pH of 6.68 was observed at 60 DAT.

Soil pH displays the soil capability to make nutrients available for plant uptake. A slightly 
acidic to slightly alkaline soil i.e., pH ranges from 6.5 to 7.5 might be suitable for making almost 
all essential nutrients available for crops. Soil pH in the present study even though lower 
compared to the suitable range, it may not be a problem especially for wetland paddy �ields. 

were prepared with drains made around each plot. Ridges were compacted and raised around 
each plot to restrict the lateral run off irrigation water. Well decomposed cow dung (CD), 
vermicompost (VC), poultry manure (PM), rice straw (RS) was applied in the respective 
treatments one week before �inal land preparation. Different organic materials, their nutrient 
concentrations and amount of nutrient added in soils are provided in the Table 1.

Soil test-based fertilizer rates for the control treatment were 75, 15, 55 kg ha-1 of N, P and 
K, respectively. Sulphur and zinc were applied @ 16 and 2 kg ha-1, respectively in the previous 
boro season. Inorganic treatments, N, P and K were applied following integrated plant nutrient 
systems. Phosphorous (P) and potassium (K) were applied at the time of �inal land 
preparation in the form of triple super phosphate (TSP) and muriate of potash, respectively. 
Nitrogen (N) from urea was applied in three equal splits. One third of urea was applied at the 
time of �inal land preparation. 

2.4 Intercultural practices, crop harvesting and data collection
The experimental plots were infested with some common weeds. So weeding was done to 

keep the crop free from weeds at 14, 24 and 44 days after transplanting. Though, T. aman is a 
rainfed crop, however, supplementary irrigation was given in the �ield when needed to keep 
available moisture   for plant growth. Precautionary measures were taken against different 
pests and diseases regularly and hence no severe infestation of pest and diseases in the �ield 
was observed. The crop was harvested on November 17, 2022. Grain yield was adjusted to 
14% moisture content. Yield data of both rice grain and straw were recorded from 1 m2 areas 
and then extrapolated to t ha-1.

2.5 Soil sample collection
The soil samples were collected before �inal land preparation (initial), and at 30, 60, 90 and 

130 days after transplanting from the plough depth layer (0-15 cm) to analyze soil pH, organic 
carbon, bulk density, total N, available N (NH4

+-N and NO3
--N), biomass C and N, microbial 

populations.

Calculation of C stock and C enrichment 
Carbon stock and C sequestration were calculated using the following equation (Rahman et al., 
2016).
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Upon submergence pH of acidic soil moves towards neutrality. There are different factors 
which are responsible for soil acidity. Application of urea fertilizer, crop removal and leaching 
of basic cations (Ca2+, Mg2+, and K+), decomposition of organic materials and H+ ions released 
by Al3+ might be the causes pH declination in soils. It is recognized that soil pH controls 
solubility and availability of essential plant nutrients and manages all bio-physico-chemical 
reactions in soils (Rahman et al., 2020a; Deveautour et al., 2022).

3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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Abstract
Understanding the dynamics of carbon (C), nitrogen (N), and microbial activity under 

integrated nutrient management is essential for promoting soil health and sustainable 
agriculture, yet remains inadequately explored in paddy systems. This study aimed to assess 
the temporal changes in soil C and N pools, C stock, microbial biomass, and rice yields under 
the in�luence of organic and inorganic fertilizers. An experiment was conducted during 
transplanted Aman season at the research �ield of Gazipur Agricultural University, Bangladesh. 
The experiment followed a randomized complete block design with �ive treatments: Control 
(no organic input), cow dung (CD), vermicompost (VC), rice straw (RS), and poultry manure 
(PM), each applied at a C-equivalent rate of 2 t ha-1. The results demonstrated signi�icant 
improvements in soil organic carbon and nitrogen dynamics due to organic amendments. Soil 
C content increased notably by 30 days after transplanting (DAT), with CD treatment achieving 
the highest gain (29%), followed by RS, PM, and VC. However, soil C gradually declined 
thereafter, indicating temporal turnover of organic matter. Inorganic and organic nutrient 
additions signi�icantly enhanced total N, ammonium, and nitrate levels 2-5 folds compared to 
initial values. Microbial biomass was positively in�luenced, re�lecting enhanced biological 
activity and nutrient cycling. Notably, the PM treatment yielded the highest rice grain 
production (6.42 t ha-1), followed by RS and VC. These �indings underscore the critical role of 
integrated organic inputs in restoring soil C and N pools, stimulating microbial processes, and 
enhancing crop productivity. The study provides vital evidence that integrating organic 
amendments in nutrient management is a viable strategy to boost soil health and ensure 
long-term sustainability in rice-based agroecosystems.

Keywords: Carbon and nitrogen dynamics, Microbial biomass, Carbon stock, Rice yield 

1. Introduction 
Rice (Oryza sativa L.) is a critical staple food, meeting about one-�ifth of the daily caloric 

needs for over half of the global population (Birla et al., 2017; Al-Amin et al., 2025). In 
Bangladesh, rice dominates the cropping system, occupying nearly 75% of the total cropped 

Soils in Bangladesh are becoming increasingly degraded due to continuous intensive 
cropping with high-yielding varieties and excessive dependence on synthetic fertilizers, with 
minimal or no addition of organic inputs (Ferdous et al., 2021; Rahman et al., 2024). This has 
led to nutrient imbalances, loss of SOM, poor soil structure, and reduced biological activity.  
These scenarios jeopardize sustainable crop production. Moreover, the country's climate 
characterized by high temperature and humidity accelerates SOM  mineralization, leading to 
elevated CO₂ emissions and reduced C sequestration. Considering such circumstances, we 
hypothesized that the integration of organic amendments with inorganic fertilizers improves 
the temporal dynamics of soil C and N, enhances microbial biomass and activity, rice yields 
compared to sole inorganic fertilizer application. The study objectives were: to investigate the 
temporal dynamics of soil C, N, and C stock under different organic amendments in paddy 
soils, to assess changes in microbial biomass C and N during the rice-growing season, and rice 
grain yields as in�luenced by organic inputs. This study aimed to provide comprehensive 
insights into soil biological and nutrient processes under integrated nutrient management, 
contributing to improved soil health, enhanced productivity, and long-term sustainability of 
rice-based cropping systems in Bangladesh.

2. Materials and Methods

2.1 Experimental site and soil
The �ield experiment was carried out at the research �ield of Department of Soil Science, 

Gazipur Agricultural University (GAU), Gazipur 1706, Bangladesh during July 2022 to 
December 2022 in Aman season using variety BRRI Dhan49. The experimental site is located 
in 24.090 N latitude and 90.260 E longitudes at 8.5 m above the mean sea level. The study area 
was under the Madhupur Tract (AEZ 28). Nationally, the experimental �ield belongs to the 
Sanla series of shallow red brown terrace soil and according to the USDA it is classi�ied under 
the order of Inceptisols. The soil is silty clay loam in texture and acidic in nature being 
characterized by poor fertility status and impeded internal drainage.

2.2 Treatments and design of the experiment
There were �ive treatments in the experiment viz., (i) Control (only inorganic fertilizers), 

(ii) Cow dung (CD), (iii) Vermicompost (VC), (iv) Rice straw (RS), and (v) Poultry manure 
(PM). The organic materials were applied considering carbon rate 2 t ha-1. The treatments 
were laid out in a randomized completely block design with four replications. The whole 
experimental �ield was divided into four blocks and each block representing a replication. 
Each block was further subdivided into 5-unit plots. Total number of plots were 20, and the 
unit plot size was 4 m × 5 m, while the plots were separated by 0.5 m.

2.3 Land preparation, manuring and fertilization
The selected land was well ploughed with tractor drawn disc plough followed by 

harrowing and laddering up to a good tilth. All weeds and stubbles were removed. The plots 

area and more than 80% of irrigated land (Islam et al., 2024). However, the increasing 
pressure to meet rising food demands amidst shrinking cultivable land and a growing 
population have led to the intensive use of chemical fertilizers (Abdullah et al., 2019; Rahman 
et al., 2020a). While this practice has temporarily enhanced productivity, it has also 
accelerated the depletion of soil organic matter (SOM), degraded soil structure, reduced 
microbial activity, and ultimately undermined soil fertility and soil health (Rahman and Billah, 
2024). SOM plays a central role in sustaining agricultural systems, acting as a reservoir for 
essential nutrients such as carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) (Rahman, 
2014). It also in�luences key soil properties including bulk density, water-holding capacity, and 
nutrient cycling (Roy et al., 2019). In rice-based cropping systems, particularly under �looded 
conditions, the dynamics of SOM are complex due to continuous submergence, high 
temperatures, and rapid microbial decomposition. These conditions intensify C 
mineralization and result in signi�icant CO₂ emissions, contributing to climate change 
(Rahman et al., 2016; Hossain et al., 2017; Aro�i et al., 2019).

Integrated nutrient management (INM), the strategic combination of organic and 
inorganic nutrient sources has emerged as a sustainable alternative to conventional 
fertilizer-based practices (Al-Amin et al., 2024). Organic amendments such as poultry 
manure (PM), cow dung (CD), rice straw (RS), and vermicompost (VC) improve soil physical 
and chemical properties, promote microbial diversity, enhance nutrient retention, and 
contribute to long-term C sequestration (Rahman et al., 2022). Their decomposition not 
only supports microbial biomass growth but also sustains nutrient release over time, 
improving crop nutrient use ef�iciency and resilience (Alam et al., 2019). Microbial biomass 
is a sensitive and reliable indicator of soil biological activity and fertility (Alam et al., 2023; 
Khanam et al., 2024). It represents a labile pool of nutrients available for plant uptake and 
plays a crucial role in driving biogeochemical processes, especially C and N transformations 
(Jenkinson, 1990; Rahman et al., 2020b). Although microbial biomass constitutes only a 
small fraction of total soil C (0.1–5%), its in�luence on nutrient cycling and soil function is 
signi�icant (Singh and Gupta, 2018). The quantity and composition of soil microbes are 
closely in�luenced by management practices, particularly organic input types and tillage 
intensity (Wang et al., 2017). For instance, tillage often reduces microbial abundance and 
SOM by disrupting soil aggregates and enhancing C oxidation (Weidhuner et al., 2021). 
Despite the growing awareness of the bene�its of INM, limited data exist on the temporal 
dynamics of soil C and N, microbial populations, and rice yields in soils amended with 
diverse organic materials in the subtropical conditions of Bangladesh. Particularly under 
paddy rice systems, the transformation patterns of applied organic materials and their 
contribution to C sequestration, microbial activity, and crop productivity remain 
underexplored. The effect of different organic amendments such as PM, CD, RS, and VC on 
microbial biomass C and N and their relationship with nutrient cycling processes during the 
rice-growing season is not well documented.

Carbon stock (t ha-1) = Carbon concentration (%) x bulk density (g cm-3) x depth (cm)
Carbon enrichment (t ha-1) =Final C in OM treated plot (t ha-1) – Final C in fertilizer control plot 
(t ha-1)

2.6 Soil samples processing and analysis
Collected soil samples were processed, preserved and analyzed as per standard protocols. 

Soil pH was measured by a glass electrode pH meter using a soil water ratio of 1:2.5 (Black, 
1965). Soil organic carbon was estimated by Walkley and Black’s wet oxidation method as 
described by Jackson (1973). Total nitrogen was determined by micro-Kjeldahl method by 
(Page et al., 1989). Nitrate N (NO3

--N) and ammonium N (NH4+-N) of soil samples were 
estimated by a diffusion technique as described by Khan et al. (2000). The bulk density of soil 
was determined using the core sampling method. The chloroform fumigation extraction 
method provided by Anderson and Domsch (1978) was used to estimate the amount of 
microbial biomass C in soils. Biomass N was determined according to the method described by 
Brooks et al. (1985a and 1985b).

2.7 Statistical data analysis
The data collected on different parameters were subjected to statistical analysis using 

procedure described by Gomez and Gomez (1984). Microsoft EXCEL and Statistix 10 software 
program were used wherever appropriate to perform statistical analysis. Relationships among 
the parameters were established through correlation and regression analysis. Mean 
differences among the treatments were adjusted by using the least signi�icance difference 
(LSD) test at 5% level of signi�icance.

3. Results and Discussion

3.1 Soil pH and organic carbon as affected by different organic and inorganic fertilizers 
Combined application of organic and inorganic fertilizers as integrated nutrient 

management showed signi�icant effects on soil pH in each time of sample collection of rice 
growing season (Table 2). The initial soil pH was slightly acidic (6.11 - 6.33), while at �inal 
sampling of 130 days after transplanting (DAT) it again appeared as slightly acidic even 
though values under different treatments decreased with an exception in case of 
vermicompost (VC) where pH increased from 6.14 to 6.24. In each sampling day, treatments 
exhibited signi�icant effects on soil pH, however, the highest increase of pH (6.60) was found 
in poultry manure (PM) treatment at 30 and 60 DAT, and in case of rice straw (RS) treatment 
the highest pH of 6.68 was observed at 60 DAT.

Soil pH displays the soil capability to make nutrients available for plant uptake. A slightly 
acidic to slightly alkaline soil i.e., pH ranges from 6.5 to 7.5 might be suitable for making almost 
all essential nutrients available for crops. Soil pH in the present study even though lower 
compared to the suitable range, it may not be a problem especially for wetland paddy �ields. 
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2.4 Intercultural practices, crop harvesting and data collection
The experimental plots were infested with some common weeds. So weeding was done to 

keep the crop free from weeds at 14, 24 and 44 days after transplanting. Though, T. aman is a 
rainfed crop, however, supplementary irrigation was given in the �ield when needed to keep 
available moisture   for plant growth. Precautionary measures were taken against different 
pests and diseases regularly and hence no severe infestation of pest and diseases in the �ield 
was observed. The crop was harvested on November 17, 2022. Grain yield was adjusted to 
14% moisture content. Yield data of both rice grain and straw were recorded from 1 m2 areas 
and then extrapolated to t ha-1.

2.5 Soil sample collection
The soil samples were collected before �inal land preparation (initial), and at 30, 60, 90 and 

130 days after transplanting from the plough depth layer (0-15 cm) to analyze soil pH, organic 
carbon, bulk density, total N, available N (NH4

+-N and NO3
--N), biomass C and N, microbial 

populations.

Calculation of C stock and C enrichment 
Carbon stock and C sequestration were calculated using the following equation (Rahman et al., 
2016).

Upon submergence pH of acidic soil moves towards neutrality. There are different factors 
which are responsible for soil acidity. Application of urea fertilizer, crop removal and leaching 
of basic cations (Ca2+, Mg2+, and K+), decomposition of organic materials and H+ ions released 
by Al3+ might be the causes pH declination in soils. It is recognized that soil pH controls 
solubility and availability of essential plant nutrients and manages all bio-physico-chemical 
reactions in soils (Rahman et al., 2020a; Deveautour et al., 2022).

3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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Carbon stock (t ha-1) = Carbon concentration (%) x bulk density (g cm-3) x depth (cm)
Carbon enrichment (t ha-1) =Final C in OM treated plot (t ha-1) – Final C in fertilizer control plot 
(t ha-1)

2.6 Soil samples processing and analysis
Collected soil samples were processed, preserved and analyzed as per standard protocols. 

Soil pH was measured by a glass electrode pH meter using a soil water ratio of 1:2.5 (Black, 
1965). Soil organic carbon was estimated by Walkley and Black’s wet oxidation method as 
described by Jackson (1973). Total nitrogen was determined by micro-Kjeldahl method by 
(Page et al., 1989). Nitrate N (NO3

--N) and ammonium N (NH4+-N) of soil samples were 
estimated by a diffusion technique as described by Khan et al. (2000). The bulk density of soil 
was determined using the core sampling method. The chloroform fumigation extraction 
method provided by Anderson and Domsch (1978) was used to estimate the amount of 
microbial biomass C in soils. Biomass N was determined according to the method described by 
Brooks et al. (1985a and 1985b).

2.7 Statistical data analysis
The data collected on different parameters were subjected to statistical analysis using 

procedure described by Gomez and Gomez (1984). Microsoft EXCEL and Statistix 10 software 
program were used wherever appropriate to perform statistical analysis. Relationships among 
the parameters were established through correlation and regression analysis. Mean 
differences among the treatments were adjusted by using the least signi�icance difference 
(LSD) test at 5% level of signi�icance.

3. Results and Discussion

3.1 Soil pH and organic carbon as affected by different organic and inorganic fertilizers 
Combined application of organic and inorganic fertilizers as integrated nutrient 

management showed signi�icant effects on soil pH in each time of sample collection of rice 
growing season (Table 2). The initial soil pH was slightly acidic (6.11 - 6.33), while at �inal 
sampling of 130 days after transplanting (DAT) it again appeared as slightly acidic even 
though values under different treatments decreased with an exception in case of 
vermicompost (VC) where pH increased from 6.14 to 6.24. In each sampling day, treatments 
exhibited signi�icant effects on soil pH, however, the highest increase of pH (6.60) was found 
in poultry manure (PM) treatment at 30 and 60 DAT, and in case of rice straw (RS) treatment 
the highest pH of 6.68 was observed at 60 DAT.

Soil pH displays the soil capability to make nutrients available for plant uptake. A slightly 
acidic to slightly alkaline soil i.e., pH ranges from 6.5 to 7.5 might be suitable for making almost 
all essential nutrients available for crops. Soil pH in the present study even though lower 
compared to the suitable range, it may not be a problem especially for wetland paddy �ields. 

2.4 Intercultural practices, crop harvesting and data collection
The experimental plots were infested with some common weeds. So weeding was done to 

keep the crop free from weeds at 14, 24 and 44 days after transplanting. Though, T. aman is a 
rainfed crop, however, supplementary irrigation was given in the �ield when needed to keep 
available moisture   for plant growth. Precautionary measures were taken against different 
pests and diseases regularly and hence no severe infestation of pest and diseases in the �ield 
was observed. The crop was harvested on November 17, 2022. Grain yield was adjusted to 
14% moisture content. Yield data of both rice grain and straw were recorded from 1 m2 areas 
and then extrapolated to t ha-1.

2.5 Soil sample collection
The soil samples were collected before �inal land preparation (initial), and at 30, 60, 90 and 

130 days after transplanting from the plough depth layer (0-15 cm) to analyze soil pH, organic 
carbon, bulk density, total N, available N (NH4

+-N and NO3
--N), biomass C and N, microbial 

populations.

Calculation of C stock and C enrichment 
Carbon stock and C sequestration were calculated using the following equation (Rahman et al., 
2016).

Upon submergence pH of acidic soil moves towards neutrality. There are different factors 
which are responsible for soil acidity. Application of urea fertilizer, crop removal and leaching 
of basic cations (Ca2+, Mg2+, and K+), decomposition of organic materials and H+ ions released 
by Al3+ might be the causes pH declination in soils. It is recognized that soil pH controls 
solubility and availability of essential plant nutrients and manages all bio-physico-chemical 
reactions in soils (Rahman et al., 2020a; Deveautour et al., 2022).

The treatments displayed signi�icant effects on OC content in soils collected at different 
DAT (Table 3). Initial soil OC content was ranged from 0.87% to 0.95%, which is as per fertility 
ranking rated as low. At 30 DAT, organic amendments plus inorganic fertilizer as per INM 
approach showed the signi�icantly highest OC content over the control treatment where no 
organic materials were applied but inorganic fertilizers were applied. From the initial level, OC 
increased considerably at 30 DAT under all the treatments, but from 30 DAT to onwards until 
130 DAT OC decreased following almost a similar fashion. It is a good sign that at 130 DAT OC 
content in soils rated as medium. The highest amount of OC content was attributed in the CD 
treatment (1.28%) followed by RS (1.16%), VC (1.09%), PM (1.08), and the control (1.02%). 
The control treatment always exhibited the signi�icantly lowest OC as the treatment received 
inorganic fertilizers and more especially N fertilizer enhances the mineralization processes 
and thereby contributed to lower OC. 
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3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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Carbon stock (t ha-1) = Carbon concentration (%) x bulk density (g cm-3) x depth (cm)
Carbon enrichment (t ha-1) =Final C in OM treated plot (t ha-1) – Final C in fertilizer control plot 
(t ha-1)

2.6 Soil samples processing and analysis
Collected soil samples were processed, preserved and analyzed as per standard protocols. 

Soil pH was measured by a glass electrode pH meter using a soil water ratio of 1:2.5 (Black, 
1965). Soil organic carbon was estimated by Walkley and Black’s wet oxidation method as 
described by Jackson (1973). Total nitrogen was determined by micro-Kjeldahl method by 
(Page et al., 1989). Nitrate N (NO3

--N) and ammonium N (NH4+-N) of soil samples were 
estimated by a diffusion technique as described by Khan et al. (2000). The bulk density of soil 
was determined using the core sampling method. The chloroform fumigation extraction 
method provided by Anderson and Domsch (1978) was used to estimate the amount of 
microbial biomass C in soils. Biomass N was determined according to the method described by 
Brooks et al. (1985a and 1985b).

2.7 Statistical data analysis
The data collected on different parameters were subjected to statistical analysis using 

procedure described by Gomez and Gomez (1984). Microsoft EXCEL and Statistix 10 software 
program were used wherever appropriate to perform statistical analysis. Relationships among 
the parameters were established through correlation and regression analysis. Mean 
differences among the treatments were adjusted by using the least signi�icance difference 
(LSD) test at 5% level of signi�icance.

3. Results and Discussion

3.1 Soil pH and organic carbon as affected by different organic and inorganic fertilizers 
Combined application of organic and inorganic fertilizers as integrated nutrient 

management showed signi�icant effects on soil pH in each time of sample collection of rice 
growing season (Table 2). The initial soil pH was slightly acidic (6.11 - 6.33), while at �inal 
sampling of 130 days after transplanting (DAT) it again appeared as slightly acidic even 
though values under different treatments decreased with an exception in case of 
vermicompost (VC) where pH increased from 6.14 to 6.24. In each sampling day, treatments 
exhibited signi�icant effects on soil pH, however, the highest increase of pH (6.60) was found 
in poultry manure (PM) treatment at 30 and 60 DAT, and in case of rice straw (RS) treatment 
the highest pH of 6.68 was observed at 60 DAT.

Soil pH displays the soil capability to make nutrients available for plant uptake. A slightly 
acidic to slightly alkaline soil i.e., pH ranges from 6.5 to 7.5 might be suitable for making almost 
all essential nutrients available for crops. Soil pH in the present study even though lower 
compared to the suitable range, it may not be a problem especially for wetland paddy �ields. 

2.4 Intercultural practices, crop harvesting and data collection
The experimental plots were infested with some common weeds. So weeding was done to 

keep the crop free from weeds at 14, 24 and 44 days after transplanting. Though, T. aman is a 
rainfed crop, however, supplementary irrigation was given in the �ield when needed to keep 
available moisture   for plant growth. Precautionary measures were taken against different 
pests and diseases regularly and hence no severe infestation of pest and diseases in the �ield 
was observed. The crop was harvested on November 17, 2022. Grain yield was adjusted to 
14% moisture content. Yield data of both rice grain and straw were recorded from 1 m2 areas 
and then extrapolated to t ha-1.

2.5 Soil sample collection
The soil samples were collected before �inal land preparation (initial), and at 30, 60, 90 and 

130 days after transplanting from the plough depth layer (0-15 cm) to analyze soil pH, organic 
carbon, bulk density, total N, available N (NH4

+-N and NO3
--N), biomass C and N, microbial 

populations.

Calculation of C stock and C enrichment 
Carbon stock and C sequestration were calculated using the following equation (Rahman et al., 
2016).

It is generally known that a productive soil should contain at least 1.45% OC soil (FRG, 
2024). But, in Bangladesh, OC content of most soils is less than 0.57%, and in some soils. The 
low OC content adversely affects soil tilth, soil water retention, soil erosion, in�iltration of air 
and water, and the fate of pesticides applied in soils, thus affecting environmental health and 
crop production. Low OC content results from the intensive cultivation solely depending on 
inorganic fertilizers and removal of crop stubble from the �ields to use as a form of fuel in 
Bangladesh. Furthermore, climatic conditions of the country are also conducive for faster 
mineralization organic matter in soils, and thereby attributed to lower C in soils. However, as 
OM is a life of soils which governs all bio-physico-chemical properties of soils. It is the 
therefore, necessary to increase OM level in soil adopting best management practices 
(Rahman et al., 2020b). World Soil Day 2020 also emphasized to retain soil healthy for 
sustainable agriculture as the theme of the day was ‘Keep Soil Alive, Protect Soil Biodiversity’. 

3.2 Soil bulk density and carbon stock 
Soil bulk density did not respond to a signi�icant change because of addition of organic and 

inorganic fertilizers in paddy �ields (Table 4). Bulk density varied from 1.33 to 1.38 g.cc, which 
is the common range in silty clay loam soil of Bangladesh. Soil C stock at crop harvest was 
determined where treatments’ in�luence was observed insigni�icant. However, a positive 
response of organic amendments was attained in soil C increment. Compared to the control, C 
increment in soil was the highest in CD (28.52%), followed by RS (14.51%), PM (7.23%) and 
VC (4.94%).  Though organic materials were applied in soils considering 2 t C ha-1, differences 
in C accumulation in soils under different organic amendments were occurred because of their 
quality, C: N ratio and mineralization potentials. The materials which are almost decomposed 
during application, the rate of C accumulation will be higher and mineralization will be slower. 
Several research �indings suggest that when mineralization increases C storage in soil 
decreases (Rahman, 2014; Rahman et al., 2016). Cowdung may contain more humi�ied and 
recalcitrant C as compared to other organic materials. Therefore, CD was found more effective 
in building SOC than straw. As soil is a highly heterogeneous in nature even in a closer 
distance, therefore, such variation in C enrichment in soils even from the same organic source 
may occur (Rahman et al., 2016; Hossain et al., 2017; Alam et al., 2019). Yang et al. (2004) 
demonstrated that the C in paddy soil was 40–60% higher when nutrients were applied using 
organic and inorganic sources against the sole inorganic fertilizers.

Effect of organic and inorganic fertilizers on soil nitrogen Integrated nutrient 
management did not show signi�icant effects on soil total N (Table 5) and ammonium N 
(Table 6) in either of the sampling time during rice growing season. The initial soil total N 
varied from 0.087 to 0.095%, while at �inal sampling of 130 days after transplanting (DAT) 
all the values under different treatments increased some extent ranged from 0.103 to 
0.128% (Table 5). It was observed that in all other sampling dates i.e., at 30, 60 and 90 DAT 
as total N in soils followed almost similar patterns. The initial status of soil N was mainly 
very low, while in case of CD (0.095%) and VC (0.092%) treatments rated as low. According 
to FRG (2024) N contents in soil rated very low when it contains <0.090% N, while low 
belongs to the range of 0.090 % to 0.180%. 
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3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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applied. The increment of ammonium and nitrate N with the advancement of time i.e., at 
different DAT reveled that more N was mineralized through ammoni�ication and 
nitri�ication process from both organic and inorganic fertilizers. The mineralization of 
different organic materials has augmented both ammonium and nitrate Nin soils. 
Substantial differences in released patterns of NH4

+-N and NO3
--N in different organic 

materials and N fertilizer treatments were related with variations in mineralization of 
different inputs. Mineralization of different organic materials inconsistently varies under 
different soil and crop management practices because of C types and their comparative 
resistance to microbial breakdown process. Among the factors that control mineralization of 
OM are composition or quality of residues added, soil temperature and water content, 
drying and rewetting events, soil biota and soil characteristics (Alam et al. 2019). It was 
reported that organic materials having higher C: N ratios exhibited the slower rates of 
mineralization (Ostrowska and Porębska, 2015; Rahman et al., 2016). Different organic 
materials under various levels of N fertilizer showed inconsistent trends in the release of 
soil NH4

+-N and NO3
--N under different rice growing periods.

3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

3.3 Soil ammonium and nitrate N
There was no signi�icant change in ammonium N contents in soils under different 

treatments (Table 6). However, from the initial values (7.34 to 8.12 mg kg-1) a large increment 
in ammonium N contents in soil was observed in case of all treatments and all sampling dates. 
At 30 and 130 DAT, the increments were almost double than that of the initial ammonium N, 
while at 60 DAT the rates of increments were almost three times higher over the initial levels. 
At 30 DAT ammonium N contents in soils under different treatments ranged from 13.16 to 
15.82 mg kg-1, while at 60 DAT it varied from 17.92 to 23.10 mg kg-1.

On the other hand, the treatments exhibited signi�icant contribution to increase nitrate 
N in soils at different DAT except 90 DAT (Table 7). The initial nitrate N in soils varied from 
4.33 to 7.32 mg kg-1 soils, which increased by 3 to 5 times at different DAT. At 30 DAT, the 
signi�icantly highest amount of nitrate N (26.74 mg kg-1) was attributed in the CD 
treatments which was found statistically similar with RS treatment (20.44 mg kg-1).  The 
signi�icantly lowest amount of nitrate N contents in soils was found in the VC treatment 
(14.56 mg kg-1), which was insigni�icantly varied with the control and PM treatments. 
under different treatments ranged from 13.16 to 15.82 mg kg-1, while at 60 DAT it varied 
from 17.92 to 23.10 mg kg-1. At 60 (33.04 mg kg-1) and 130 (25.06 mg kg-1) DAT, the 
signi�icantly highest amount of nitrate N contents were also found in the CD treatment 
compared to all other treatments (Table 7).

It was appeared that ammonium and nitrate N contents in the INM treatments were 
comparatively higher than that of the control i.e., where only inorganic fertilizers were 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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applied. The increment of ammonium and nitrate N with the advancement of time i.e., at 
different DAT reveled that more N was mineralized through ammoni�ication and 
nitri�ication process from both organic and inorganic fertilizers. The mineralization of 
different organic materials has augmented both ammonium and nitrate Nin soils. 
Substantial differences in released patterns of NH4

+-N and NO3
--N in different organic 

materials and N fertilizer treatments were related with variations in mineralization of 
different inputs. Mineralization of different organic materials inconsistently varies under 
different soil and crop management practices because of C types and their comparative 
resistance to microbial breakdown process. Among the factors that control mineralization of 
OM are composition or quality of residues added, soil temperature and water content, 
drying and rewetting events, soil biota and soil characteristics (Alam et al. 2019). It was 
reported that organic materials having higher C: N ratios exhibited the slower rates of 
mineralization (Ostrowska and Porębska, 2015; Rahman et al., 2016). Different organic 
materials under various levels of N fertilizer showed inconsistent trends in the release of 
soil NH4

+-N and NO3
--N under different rice growing periods.

113INMS for sustainable soil health and crop yield

3.4 In�luence of organic and inorganic fertilizers on soil biomass C and N 
The treatments comprising different organic residues and chemical fertilizers signi�icantly 

in�luenced the microbial biomass C content in soil at different days after transplanting of rice 

higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

(Table 8). Biomass C in soil under different treatments even at zero days was found signi�icant. 
The experiment was started in 2 010 following the same treatments and therefore even at zero 
days of transplanting of rice biomass C in soil showed signi�icant differences among the 
treatments.  In the zero day the biomass carbon was found signi�icantly higher in the poultry 
manure treated plot compared to other treatments. This was because of higher amount of 
nitrogen present in the poultry manure resulting lower or optimum C: N ratio, which favored 
rapid and faster microbial colonization in the poultry manure treated plot compared to rice 
straw, vermicompost and cowdung. This was observed not only at zero day, but also found in 
30, 60. 90 and 120 days after transplanting (Table 8). Irrespective of residues or treatments 
biomass C contents in soils were increased with the advancement of rice growing periods i. e 
the maximum biomass C was found at crop harvest and followed the order 0<30<60<90<120 
days after transplanting. Biomass C contents in soils under different organic residues were 
signi�icantly higher over the control treatment (p<0.005). The biomass C enriched in soils in 
the order of poultry manure >cowdung >vermicompost> rice straw. The maximum biomass 
carbon was found in the poultry applied plot at harvest, which was 208 mg kg-1, while the 
lowest was found in the control treatment at zero day after transplanting of rice (36 mg kg-1).

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

(Table 8). Biomass C in soil under different treatments even at zero days was found signi�icant. 
The experiment was started in 2 010 following the same treatments and therefore even at zero 
days of transplanting of rice biomass C in soil showed signi�icant differences among the 
treatments.  In the zero day the biomass carbon was found signi�icantly higher in the poultry 
manure treated plot compared to other treatments. This was because of higher amount of 
nitrogen present in the poultry manure resulting lower or optimum C: N ratio, which favored 
rapid and faster microbial colonization in the poultry manure treated plot compared to rice 
straw, vermicompost and cowdung. This was observed not only at zero day, but also found in 
30, 60. 90 and 120 days after transplanting (Table 8). Irrespective of residues or treatments 
biomass C contents in soils were increased with the advancement of rice growing periods i. e 
the maximum biomass C was found at crop harvest and followed the order 0<30<60<90<120 
days after transplanting. Biomass C contents in soils under different organic residues were 
signi�icantly higher over the control treatment (p<0.005). The biomass C enriched in soils in 
the order of poultry manure >cowdung >vermicompost> rice straw. The maximum biomass 
carbon was found in the poultry applied plot at harvest, which was 208 mg kg-1, while the 
lowest was found in the control treatment at zero day after transplanting of rice (36 mg kg-1).

Soil microbial biomass, a living part of SOM, is an agent of transformation of added and 
native organic matter and as a labile reservoir for plant available N, P and S. The activity of the 
microbial biomass is commonly used to characterize the microbiological status of soil and to 
determine the effects of cultivation and soil and crop management on soil microorganisms (de 
Silva et al., 2014; Smith and Paul, 2017). The microbial biomass C �luctuations occurred due to 
temperature, moisture condition, growth stages of plant, supply of nutrients and lack of 
substrate. The treatments signi�icantly in�luenced the microbial biomass N content in soil at 
different days after transplanting of rice (Table 9). Biomass N in soil under different 
treatments even at zero days was found signi�icant. Irrespective of days after transplanting i. 
e. 0, 30, 60, 90 and 120 days after transplanting biomass N in soils were found signi�icantly 
higher in the poultry manure treated plots compared to other treatments. This was because of 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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PM>RS>VC>CD>Control. The application of organic and inorganic fertilizers attributed 
signi�icant positive effect on rice grain yields. 

Grain yields of BRRI dhan49 in the current study were found somewhat higher than its 
national average yield of 5 ± 0.5 t ha-1. This was might be because of best management 
practices ensured in soil management and crop production. The PM was more potential in 
improving rice yields because it contained high amounts of most of the essential plant 
nutrients compared to other organic materials used (Sarkar et al., 2016; Rahman et al., 2016; 
Alam et al., 2019). As the C:N ratio of PM was low to optimum, the mineralization was faster 
compared to other organic materials including RS. Thus, nutrient released from PM favored 
nutrient uptake and thereby provide higher grain yield of rice.



higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
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under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

From the study it was found that the microbial biomass N ranged from 3.25 mg kg-1 in the 
control treatment at zero day after transplanting to 31.6 mg kg-1 in soil under PM treated 
plot at 120 days after transplanting. The �luctuations of microbial biomass N occurred in 
organic residues and chemical fertilizer amended soil. The higher amount of biomass N was 
found in the STB treatment over the RS and CD treatments due to the presence of higher 
amount of available nutrients especially N in the fertilizer treatment, which favored rapid 
microbial activity i.e., mineralization in soils. The higher microbial biomass attributed due 
to the higher available C substrates and nutrients contents in soils (Smith and Paul, 2017; 
Khanam et al., 2024). 

3.5 Effect of organic and inorganic fertilizers on rice grain and straw yields
Different organic amendments and inorganic fertilizers signi�icantly increased grain and 

straw yields of rice (Fig. 1). The PM treatment signi�icantly increased rice grain (6.42 t ha-1) 
which was insigni�icantly different than that of RS treatment (6.23 t ha-1). The control 
treatment i.e., only inorganic fertilizers (without organic fertilizers) produced the signi�icantly 
lowest amount of grain yield of 5.31 t ha-1. The straw yields in all organic treatments found 
statistically similar, and were revealed signi�icantly higher than that of the control. The 
observed grain yields under different treatments followed the order of 
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higher amount of N present in the poultry manure resulting lower or optimum C: N ratio, 
which favored rapid and faster microbial colonization in the poultry manure treated plot 
compared to RS and CD (Table 9). The maximum biomass N was found at crop harvest and 
followed the order 0<30<60<90<120 days after transplanting. Biomass N contents in soils 
under different organic residues were signi�icantly higher over the control treatment 
(p<0.05). As observed in the biomass carbon, the biomass N also enriched in soils in the order 
of PM>CD >VC> RS. Like biomass C the maximum biomass N was also found in the PM applied 
plot at harvest, which was 33.22 mg kg-1, while the lowest was found in the control treatment 
at 30 days after transplanting of rice (3.45 mg kg-1).

Acknowledgements
The authors sincerely acknowledge the support of the Department of Soil Science, Gazipur 

Agricultural University in conducting research and providing laboratory facilities for analysis. 
The authors gratefully admit Prof. Dr. Md. Mizanur Rahman for editing the manuscript to make 
it suitable for publication.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.

References  
Abdullah, H. M., Muraduzzaman, M., Islam, I., Miah, G. U., Rahman, M. M., Rahman, A. Ahmed, N. 

and Ahmed, Z. 2019. Spatiotemporal dynamics of new land development in 
Bangladesh coast and its potential uses. Remote Sens. Appl. 14: 191-199. 
https://doi.org/10.1016/j.rsase.2019.04.001

Al-Amin, H. M., Rahman, M. M., Alam, M. S., Smith, J., Islam, M., Ress, R. M., Adhya, T. K., Sutton, 
M. A., Bealey, W. J., Miah, M. G. and Islam, M. R. 2025. Village level fertilizer 
management for increasing nitrogen use ef�iciency, rice yield and household income. 
Arch. Agron. Soil Sci. 71(1): 1–19. 
https://doi.org/10.1080/03650340.2025.2457764

Al-Amin, H. M., Rahman, M. M., Meena, R. S., Biswas, J. C., Alam, M. S. and Kamal, M. Z. U. 2024. 
Current scenario and challenges for agricultural sustainability. In M. M. Rahman, J. C. 
Biswas, & R. S. Meena (Eds.), Climate change and soil-water-plant nexus (Chapter 14). 
Springer. https://doi.org/10.1007/978-981-97-6635-2_14

Alam, M. A., Rahman, M. M., Biswas, J. C., Akhter, S., Maniruzzaman, M., Choudhury, A. K., Jahan, 
A. B. M. S., Miah, M. M. U., Sen, R., Kamal, M. Z. U., Mannan, M. A., Shiragi, M. H. K., Kabir, 
W. and Kalra, N. 2019. Nitrogen transformation and carbon sequestration in wetland 
paddy �ield of Bangladesh. Paddy Water Environ. 17(4): 677–688. 
https://doi.org/10.1007/s10333-019-00693-7

Alam, M. S., Khanam, M. and Rahman, M. M. 2023. Environment-friendly nitrogen management 
practices in wetland paddy cultivation. Front. Sustain. Food Syst. 
https://doi.org/10.3389/fsufs.2023.1020570

Anderson, T. H. and Domsch, K. H. 1989. Ratios of microbial biomass carbon to total organic 
carbon in arable soils. Soil Biol. Biochem. 21(4): 471–479.

Aro�i, S., Rahman, M. M., Shiragi, H. K., Alam, M. A., Islam, M. M. and Biswas, J. C. 2019. Aggregate 
stability in soils of twelve agro-ecological zones of Bangladesh based on organic 
carbon and basic cations. Annals Bangladesh Agric. 23(2): 27–36.

Birla, D. S., Malik, K., Sainger, M., Chaudhary, D., Jaiwal, R. and Jaiwal, P. K. 2017. Progress and 
challenges in improving the nutritional quality of rice (Oryza sativa L.). Crit. Rev. Food 
Sci. Nutr. 57(11): 2455–2481.

3. Conclusions
The application of organic amendments signi�icantly improved soil carbon status, raising 

it from low to medium levels during the rice-growing season. Cow dung application was found 
to be the most ef�icient in increasing soil C (29%), followed by rice straw, poultry manure, and 
vermicompost. All organic treatments enhanced total, ammonium, and nitrate nitrogen many 
folds compared to initial levels. Poultry manure contributed the highest microbial biomass 
carbon and nitrogen. Integrated nutrient management increased rice yields. Poultry manure 
yielded the highest grain output which was about 21% higher over the control. Overall, 
integrating organic amendments into fertilizer regimes enhanced soil organic matter, 
microbial activity, and rice yield. These �indings underscore the vital role of organic-inorganic 
nutrient strategies in restoring soil health and achieving long-term agricultural sustainability 
in rice-based systems.

Page, A. L., Miller, R. H. and Kenney, D. R. 1989. Methods of soil analysis: Part II. ASA and SSSA, 
Madison, WI.

Rahman, F., Rahman, M. M., Rahman, G. M., Saleque, M. A., Hossain, A. S. and Miah, M. G. 2016. 
Effect of organic and inorganic fertilizers and rice straw on carbon sequestration and 
soil fertility under a rice–rice cropping pattern. Carbon Manage. 7(1–2): 41–53.

Rahman, G. K. M. M., Rahman, M. M., Alam, M. S., Kamal, M. Z. U., Mashuk, H. A., Datta, R. and 
Meena, R. S. 2020b. Biochar and organic amendments for sustainable soil carbon and 
soil health. In R. Datta, R. S. Meena, S. I. Pathan, & M. T. Ceccherini (Eds.), Carbon and 
nitrogen cycling in soil (pp. 45–85). Springer. 
https://doi.org/10.1007/978-981-13-7264-3_3

Rahman, M. M. 2014. Carbon and nitrogen dynamics and carbon sequestration in soils under 
different residue management. The Agriculturists. 12(2): 48–55.

Rahman, M. M. & Billah, M. M. 2024. Agronomic management options for climate change 
adaptation and mitigation. Bangladesh J. Soil Sci. 40(2), 1–18.

Rahman, M. M., Alam, M. S., Kamal, M. Z. U. and Rahman, G. K. M. M. 2020a. Organic sources and 
tillage practices for soil management. In S. Kumar, R. S. Meena & M. K. Jhariya (Eds.), 
Resources use ef�iciency in agriculture (pp. 183–205). Springer. 
https://doi.org/10.1007/978-981-15-6953-1_9

Rahman, M. M., Al-Amin, H. M., Alam, M. S., Smith, J., Hillier, J., Sutton, M. A. and Adhya, T. K. 
2024. Nitrogen management options: Challenges, potentials and prospects. In M. M. 
Rahman, J. C. Biswas, & R. S. Meena (Eds.), Climate change and soil-water-plant nexus 
(Chapter 5). Springer. https://doi.org/10.1007/978-981-97-6635-2_5

Rahman, M. M., Kamal, M. Z. U., Ranamukhaarachchi, S., Alam, M. S., Alam et al. 2022. Effects of 
organic amendments on soil aggregate stability, carbon sequestration and energy use 
ef�iciency in wetland paddy cultivation. Sustainability. 14: 4475. 
https://doi.org/10.3390/su14084475

Roy, S., Rahman, M. M., Rahman, G. K. M. M., Miah, M. G. and Kamal, M. Z. U. 2019. Structural 
stability under different organic fertilizers management in paddy soil. Annals 
Bangladesh Agric. 23(1): 15–24.

Sarkar, M.I.U., Rahman, M.M., Rahman, G.K.M.M., Naher, U.A. and Ahmed, M.N. 2016. Soil test 
based inorganic fertilizer and integrated plant nutrition system for rice (Oryza sativa 
L.) cultivation in Inceptisols of Bangladesh. The Agriculturist. 14(1), 33-42.

Singh, J. S. and Gupta, V. K. 2018. Soil microbial biomass: A key soil driver in management of 
ecosystem functioning. Sci. Total Environ. 634: 497–500.

Smith, J. L. & Paul, E. A. 2017. The signi�icance of soil microbial biomass estimations. In Soil 
biochemistry (pp. 357–398). Routledge.

Wang, Y., Li, C., Tu, C., Hoyt, G. D., DeForest, J. L. and Hu, S. 2017. Long-term no-tillage and 
organic input management enhanced the diversity and stability of soil microbial 
community. Sci. Total Environ. 609: 341–347.

Black, C. A. 1965. Methods of soil analysis. American Society of Agronomy.
Brookes, P. C., Kragt, J. F., Powlson, D. S. and Jenkinson, D. S. 1985a. Chloroform fumigation and 

the release of soil nitrogen: The effects of fumigation time and temperature. Soil 
Biology and Biochemistry, 17(6), 831–835.

Brookes, P. C., Landman, A., Pruden, G., & Jenkinson, D. S. 1985b. Chloroform fumigation and 
the release of soil nitrogen: A rapid direct extraction method to measure microbial 
biomass nitrogen in soil. Soil Biol. Biochem.  17(6): 837–842.

da Silva, A. P., Babujia, L. C., Franchini, J. C., Ralisch, R., Hungria, M., & de Fátima Guimarães, M. 
2014. Soil structure and its in�luence on microbial biomass in different soil and crop 
management systems. Soil and Tillage Research, 142, 42–53.

Deveautour, C., Rojas-Pinzon, P. A., Veloso, M. and Rambaud et al. 2022. Biotic and abiotic 
predictors of potential N₂O emissions from denitri�ication in Irish grasslands soils: A 
national-scale �ield study. Soil Biol. Biochem. 168: 108637.

Ferdous, Z., Zul�iqar, F., Datta, A., Hasan, A. K. and Sarker, A. 2021. Potential and challenges of 
organic agriculture in Bangladesh: A review. J. Crop Improv. 35(3): 403–426.

FRG. 2024. Fertilizer Recommendation Guide-2024. Bangladesh Agricultural Research 
Council, Dhaka 1215.

Hossain, M. B., Rahman, M. M., Biswas, J. C., Miah, M. M. U., Akhter, S., Maniruzzaman, M. & 
Kalra, N. 2017. Carbon mineralization and carbon dioxide emission from organic 
matter added soil under different temperature regimes. Int. J. Recycl. Org. Waste 
Agric. 6(4): 311–319.

Islam, M., Rahman, M. M., Alam, M. S., Rees, R. M., Rahman, G. K. M. M., Miah, M. G., Drewer, J., 
Bhatia, A. and Sutton, M. A. 2024. Leaching and volatilization of nitrogen in paddy rice 
under different nitrogen management. Nutr. Cycl. Agroecosyst. 
https://doi.org/10.1007/s10705-024-10361-w

Jackson, M. L. 1973. Soil chemical analysis: Advanced course. UW-Madison Libraries Parallel 
Press.

Jenkinson, D. S. 1988. Determination of microbial biomass carbon and nitrogen in soil. In 
Advances in nitrogen cycling (pp. 368–386).

Khan, S. A., Mulvaney, R. L. and Hoeft, R. G. 2000. Direct-diffusion methods for 
inorganic-nitrogen analysis of soil. Soil Sci. Soc. Am. J. 64: 1083–1089. 
https://doi.org/10.2136/sssaj2000.6431083x

Khanam, M., Kabir, M. H., Akter, M., Rahman, G. K. M. M., Rahman, M. M. and Alam, M. S. 2024. 
Role of microorganisms in soil health management. In M. M. Rahman, J. C. Biswas, & R. 
S. Meena (Eds.), Climate change and soil-water-plant nexus (Chapter 8). Springer. 
https://doi.org/10.1007/978-981-97-6635-2_8

Ostrowska, A. and Porębska, G. 2015. Assessment of the C/N ratio as an indicator of the 
decomposability of organic matter in forest soils. Ecological Indicators, 49, 104–109.

Weidhuner, A., Hanauer, A., Krausz, R., Crittenden, S. J., Gage, K. and Sadeghpour, A. 2021. 
Tillage impacts on soil aggregation and aggregate-associated carbon and nitrogen 
after 49 years. Soil Till. Res. 208: 104878.

Yang, Z. H., Singh, B. R. and Sitaula, B. K. 2004. Soil organic carbon fractions under different 
land uses in Mardi watershed of Nepal. Commun. Soil Sci. Plant Anal. 35(5–6): 
615–629.

Zhang, S. and DePaolo, D. J. 2017. Rates of CO₂ mineralization in geological carbon storage. Acc. 
Chem. Res. 50(9), 2075–2084.

120 H.A. Mashuk et al.


