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Abstract
Nitrogen (N) is an essential nutrient element for crop production, nevertheless too 

much or too little N is harmful for soil, environment and crops. Over the last century the 
reactive N (Nr) in the environment has become doubled from industrial and agricultural 
activities. Such Nr may impact soil physical, chemical and biological characteristics 
especially at farm level due to improper fertilizer management. Therefore, an experiment 
was conducted at the farmer’s �ield of Tokenagar village of Kapasia upazila under Gazipur 
district to evaluate the effects of various N management practices including biochar 
application on bio-physicochemical properties of soils in the Boro-T. Aman rice pattern. 
The experiment consisted of �ive treatments: T1-, control (zero nitrogen), T2 - farmer’s 
practice (FP) of N as prilled urea (PU), T3- recommended dose of N (RDN) as PU, T4 - 
biochar (2 t ha-1) + RDN (BRDN), and T5 - deep placement of urea super granule (USG). Soil 
samples were collected after each crop harvest s and analyzed for different physical and 
chemical parameters. Results indicated that biochar + RDN (T4) treatment positively 
contributed to decreased soil bulk density and increased water-holding capacity. The same 
treatment increased soil pH by 4.9% and the USG treatment (T5) did increase by 2.8% 
compared to the initial level. Compared to the control, water stable soil aggregates 
markedly increased in biochar (148-157%) and USG (54-111%) treatments. Smaller size 
soil particles (0.25 mm) were found more stable than larger sized particles (0.50 mm) size 
particles. Improvement of soil fertility is also evidenced, however, increment of 18% 
carbon for the biochar treatment is notable in terms of carbon-negative economy. 
Furthermore, the highest microbial biomass C and N due to biochar treatment con�irms its 
effectiveness for sustained soil quality and environment. 
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1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for half of the global population. 

As the world's population is projected to reach 9.7 billion by 2050, meeting the rising 
demand for food will be a signi�icant challenge (UN, 2015). The current population in 
Bangladesh is 173 million which is expected to reach 220 million in 2050 (UNFPA, 2024). It 
is crucial to produce food for the ever-burgeoning population from a limited land resource. 
Nitrogen (N) fertilization plays a vital role in ful�illing the growing food requirements of the 
rapidly expanding global population. It in�luences key physiological processes in plants, 
including photosynthesis, protein synthesis and grain yield (Ladha et al., 2020). In many 
cropping systems, especially in tropical and subtropical climates, soil N is de�icient which 
seriously limits crop yields (Rahman et al., 2022a). Due to de�iciency of N in agricultural land 
and cropping systems across the world, external supply of N as fertilizer is necessary to meet 
the increasing demand of food. However, the excessive use of synthetic N fertilizers 
adversely affects soil health and the environment. Despite the over application of chemical N 
fertilizers, a substantial portion is either lost or remains unavailable to plants, leading to 
issues such as groundwater contamination, increased greenhouse gas emissions, and soil 
fertility degradation (Islam et al., 2024). Therefore, effective N management practices are 
crucial for improving soil health and maintaining soil fertility for future generations.

Alternatively, biochar application is an effective method for enhancing soil physico- 
chemical properties, such as soil porosity, bulk density, moisture content, soil organic 
carbon, total nitrogen, and other micronutrients (Islam et al., 2024). Biochar, a carbon-rich 
material formed through the thermal decomposition of biomass and organic wastes, has 
demonstrated a signi�icant improvement in soil quality (Rahman et al., 2020). Its use 
bene�its soil properties due to its high cation exchange capacity, large surface area, and rich 
nutrient composition. By increasing nutrient availability, improving soil chemical properties, 
and boosting soil microbial biomass carbon (C) and N, biochar can promote plant growth 
(Rahman, 2014). The slow decomposition rate of biochar allows it to have a lasting effect on 
soil properties and helps restore soil fertility (Rahman et al., 2020). Research has shown that 
combining biochar with synthetic N fertilizers can enhance crop yields in acidic soils (Ullah 
et al., 2021). Additionally, biochar can enhance plant growth by improving soil quality, 
increasing soil aggregate stability, increasing water retention, enhancing nutrient 
availability, promoting bene�icial microbial activity, and reducing soil-borne diseases. 
Therefore, biochar is considered a valuable soil amendment for crop production (Glaser et 
al., 2015). While recent studies suggest that using urea super granules (USG) through deep 
placement signi�icantly improves N use ef�iciency (NUE) and rice yield but farm level 
adoption of this technology is low in Bangladesh (Rea et al., 2019; Alam et al. 2023). 
Therefore, the present study was conducted in farmer’s �ields in Bangladesh to investigate 
the impact of applying urea fertilizer along with biochar, or applying the N fertilizers by deep 

placement of USG on soil physico-chemical properties of rice �ield. The study aims to offer 
guidance on effective N management practices that improve soil health and preserve soil 
fertility for sustainable agriculture.

2. Materials and Methods 

2.1 Site description

The study was conducted at Tokenagar village under Kapasia upazila of Gazipur district 
in Bangladesh. This village is located 24002' and 24016' N and in between 90030' and 90042' 
E. The village is under the agro-ecological zone (AEZ) of Old Brahmaputra Floodplain (AEZ 
9). Rice is the main crop for the farmers in this village. Most of the farmers follow 
Boro-Fallow-T. Aman (Transplanted Aman) rice cropping system. The yield of rice in the 
study village is low because of dependency on only synthetic fertilizers without use of 
organic fertilizers, which has resulted in a decline in soil fertility. 

2.2 Treatments, experimental design and fertilization 

The study consisted of �ive treatments: T1: zero N (control), T2: normal farmer practice 
(FP), where prilled urea was used, T3: soil test-based recommended dose of prilled urea 
(RDN), T4: biochar 2 t ha-1 + RDN (BRDN), and T5: deep placement of urea supper granules 
(USG). The experiment was laid out in a randomized complete block design with four 
replications. The size of individual plot was 16 m2 (4 m × 4 m). A 0.5 m irrigation channel 
separated the blocks from each other, while each plot was separated by a 0.5 m wide levee to 
prevent horizontal seepage of water and fertilizer between the plots.   

Prilled urea (PU) was used in all the N treatments except the USG. Soil samples at 0-15 cm 
were collected before the experiment was started and analyzed to determine soil test-based 
N rates which were 163 kg and 82 kg N ha-1 in Boro and T. Aman rice seasons, respectively 
while in normal farmer-practice, the application rates of prilled urea were 103 kg and 62 kg 
N ha-1. For USG treatment, the rates were 104 kg and 69 kg N ha-1, respectively.  Rice husk 
biochar was used in the BRDN treatment at the rate of 3.2 kg plot-1 (air-dry basis) equivalent 
to a dose of 2 t ha-1. This was applied 7 days before �inal land preparation and transplanting. 
Biochar was produced using rice husk in a burner developed by the Department of Soil 
Science, BSMRAU.    

The study was conducted in the Boro-Fallow-T. Aman cropping system during 
2022–2023. Boro is the dry season rice was grown with full irrigation, while T. Aman was 
grown under rainfed condition with supplementary irrigation, if needed. In the PU 
treatments, N was applied in three equal splits at 15, 35, and 55 days after transplantation 
(DAT). Urea super granules were applied as a single application at 15 DAT. Based on soil test 

results P, K and S were applied at 18 kg, 77 kg and 13 kg ha-1, respectively for Boro rice as 
basal and mixed with soil on the day of transplanting in all the treatments including zero-N 
control.  

For T. Aman rice (15 August–15 November 2023) variety Binadhan-17 was used. The soil 
test-based rates for P, K, and S were 6 kg, 52 kg, and 8 kg ha-1, respectively. In the PU 
treatments, N was applied in three equal splits on 10, 25, and 40 DAT, while USG was applied 
at a single dose at 10 DAT. Triple super phosphate (TSP), muriate of potash (MoP), and 
gypsum served as sources for P, K, and S, respectively, in both the Boro and T. Aman seasons. 
Crop and plot management practices were uniform across all plots, encompassing consistent 
approaches to irrigation, weed control, and pest management. 

2.3 Soil sampling and analysis

Before setting up the experiment and after completion of two-season rice harvesting, 
random composite soil samples (3 per plot) from 0-15 cm depth were taken using an auger. 
The soil samples were left to dry naturally in a shaded area and then pulverized with a 
mortar and ground to attain a particle size capable of passing through a 2 mm sieve. 
Nitrogen concentration in soil was determined by Kjeldahl method (Douglas et al., 1980). 
Soil samples were analysed for pH by glass electrode pH meter using a soil and water ratio of 
1: 2.5 (Jackson, 1958), organic carbon by wet oxidation method (Walkley and Black 1934), 
available P by Olsen method (Olsen and Sommers, 1982), S by turbidimetric method 
(Chesnin and Yien, 1950) and K by ammonium acetate extraction method (Barker and Surh, 
1982). The fumigation extraction procedure was used to measure soil microbial biomass 
carbon (SMBC) and soil microbial biomass nitrogen (SMBN) in the soil as previously 
described by Brookes et al. (1985). Soil bulk density (Bd) and water holding capacity (WHC) 
were measured according to methods described by Page et al. (1982). For water stable soil 
aggregates (WSA), collected soil was air dried and divided into 0.50 mm and 0.25 mm 
aggregates and water stable soil aggregates were determined by wet sieving method 
(Castellanos-Navarrete, 2013).

2.4 Statistical analysis

Statistix version 10.0 statistical software was used for the statistical analysis of the data. 
ANOVA and univariate analyses were conducted to assess all parameters, and the separation 
of treatment means was accomplished through the least signi�icant difference (LSD) method. 
Various graphs were generated using Microsoft Excel (Of�ice 2007).  

3. Results and Discussion
Effects of different treatments on soil properties are presented in table and graphs, and 
discussed below.

3.1 Bulk density 

Effects of different treatments on bulk density (Bd) of post-harvest soil are summarized 
in Fig. 1(a). Signi�icant interactive effect was found from the combination of biochar and N 
fertilizer on soil bulk density. The biochar treatments recorded the lowest soil Bd value (1.32 
g cm-3) which was probably due to the less dense and highly porous nature of rice husk 
biochar. When applied as a soil conditioner, biochar supports proliferation of soil faunas 
under these treatments, which in turn helps in maintaining the soil structure with proper 
soil aeration and water movement contributing to lowering of soil Bd (Burrell et al., 2016). 
Celik et al. (2010) found alike information that compared to mineral fertilization, different 
organic amendment reduced the bulk density at 0-15 cm soil depth. 

Fig. 1 Effects of different treatments on (a) bulk density and (b) water holding capacity of post-harvest 
soil; Vertical bar on the column indicates standard error. (Different letters on the bar of respective 
parameter indicate signi�icant difference)

3.2 Water holding capacity 

Similar to bulk density, a signi�icant effect was observed from the combined application 
of biochar and N fertilizer on soil water-holding capacity (WHC) of post-harvest soil, as 
shown in Fig. 1(b). The treatment demonstrated the highest WHC of 41%, the reason can be 
attributed to the large surface area and macro- and micropores structure on the external and 
internal surface of rice husk biochar which possibly helped water storing in the pore 
network. Also, the less hydrophobicity and polarity of rice husk biochar due to its 
conditioning after pyrolysis possibly in�luenced soil aggregation (Busscher et al., 2010), 
which could have potentially contributed to the enhanced WHC. On the other hand, the 
N-treated plot exhibited an inconsistent change in water-holding capacity, might be due to N 
increased microbial activity and accelerated the decomposition rate. Findings from our 

study are corroborated by Burrell et al. (2016) who reported similar results with an increase 
in WHC upon wood residue biochar application.  

3.3    Water stable soil aggregates (WSA) 

Treatments exhibited signi�icant effects on soil aggregate stability (Fig. 2). The 
signi�icantly highest WSA were attributed in the biochar treatment for both 0.50 mm 
(318%) and 0.25 mm (348%) sized soil particles. It is evident that smaller sized soil 
particles are more stable than that of the larger particles. Roy et al. (2019) also found that 
smaller sized soil particles contributed to a higher degree of aggregate stability. Soil 
aggregate stability largely depends on different agronomic management practices which 
may affect and breakdown larger aggregates, while the smaller aggregates may exist in high 
percentage (Simansky, 2013).                                                                                                                     

In terms of WSA, the treatments followed the order BRDN>USG>RDN>FP>Control 
(Fig. 2). Biochar is ef�icient in increasing soil aggregate stability of its larger surface area, 
and being organic materials, it acts as glue in binding soil particles together and makes 
soil aggregates stronger. Thus, the improved soil structure might contribute to nutrient 
and water retention, and also it becomes stronger to resist disruptive force and control 
soil erosion. 

Fig. 2  Soil aggregate stability (SAS) as affected by different N management practices (Different letters 
on the bar of respective parameter indicate signi�icant difference)
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Abstract 

Excessive use of nitrogen (N) fertilizer harms the environment, lowers N use ef�iciency 
and affects soil health. Biochar can substitute partially N fertilizer and bene�it crop 
production.  A �ield experiment was conducted to investigate the effect of biochar along with 
N fertilization on the growth and yield of rice (cv. BRRI dhan89), N use ef�iciency and soil 
properties. The treatments were T0 (Control), T1 (100% RDN), T2 (100% RDN + 2 t ha-1 
biochar), T3 (75% RDN + 2 t ha-1 biochar), and T4 (50% RDN + 2 t ha-1 biochar); RDN means 
recommended dose of nitrogen. The experiment was laid out in a randomized complete 
block design (RCBD) with four replications. Results showed that there was a signi�icant 
positive effect of biochar and N fertilization on rice crop. The signi�icantly highest plant 
height (103 cm), tillers (13.8), SPAD value (37.8), 1000-grain weight (25.2 g), straw yield 
(5.93 t ha-1) and grain yield (5.7 t ha-1) were recorded in T2 treatment which was statistically 
similar with T1 and T3 treatments. The combined application of biochar and N fertilizer 
increased agronomic ef�iciency by 5.8% and apparent N recovery by 13.6% in T3 treatment 
compared to sole application of RDN fertilizer (T1). Moreover, the physico-chemical 
properties of post-harvest soils were signi�icantly improved. Hence, the combined 
application of biochar and N fertilizer can be practiced to improve soil health, N use 
ef�iciency and rice productivity.

Keywords: BRRI dhan89, Soil health, SPAD value, Straw yield, Thousand-grain weight

1. Introduction
In Bangladesh, declining soil quality and nutrient loss have been the main constraints to 

rising agricultural productivity and food security. In addition to these issues, farmers are 
under tremendous pressure to boost crop yields, which exacerbates due to geometric 
population rise and climate change. Nitrogen is main de�icient element in this country’s soil 
and consequently, farmers use huge urea fertilizer to obtain higher crop yield. So, judicial N 

management is important for achieving sustainable soil health and crop yield.  Excessive use 
of N fertilizer can harm the soil health such as soil acidi�ication, soil organic matter content 
decline, bulk density increment, mineralization decline (Karimi et al., 2023). Soil fertility 
declines and environmental degradation occurs due to unbalanced use of N fertilizer. 
Excessive use of N fertilizer can harm the soil health such as soil acidi�ication, soil organic 
matter content decline, bulk density increment, mineralization decline (Karimi et al., 2023). 
The government subsidizes N fertilizer.  It is also apparent that the fertilizer subsidy does not 
guarantee balanced use of N fertilizer. Among the three types of rice, N fertilizer 
consumption is the highest in boro rice, because this high yielding crop receives the greatest 
inputs (Hossain et al., 2012; FRG, 2018). 

Excessive N inputs in intensive agricultural ecosystems have resulted in decreased N use 
ef�iciency (NUE). However, N undergoes several transformations in the soil and crop 
environments that result in loss of the N through leaching, denitri�ication, NH3 volatilization, 
surface runoff, N2O emissions that cannot be taken up by the crop via the hydrosphere, 
atmosphere, and soil (Brady et al., 2008). Hence, despite intensive cropping with modern 
crop varieties and the use of mostly chemical fertilizers, N use ef�iciency is declining in 
Bangladesh (Rahman et al., 2021). Better management techniques can reduce N fertilizer 
inputs, improve storage of soil N, and enhance N use ef�iciency. Thus, it becomes requisite to 
look into sustainable methods of optimizing crop production potential and regulating soil N 
through inorganic fertilizer along with organic sources. Applying biochar in this situation 
might be a way to knock a balance between the health of the soil and the amount of N 
fertilizer used. Biochar is a carbon-rich product from pyrolysis of biomass at relatively high 
temperature (400-6000C) such as wood, crop residues, and manure (Lehmann and Joseph, 
2015). Its (biochar) physiochemical properties such high surface area, high surface charge, 
high porosity, high water holding capacity, high pH, high nutrient exchange capacity etc. 
make it ideal for use as a soil conditioner and carbon sequester. Biochar enhances the 
physicochemical characteristics of soil, lowers soil acidity, raises cation exchange capacity 
(CEC), strengthens soil aggregates, holds onto nutrients, and in�luences the dynamics of 
water in�iltration in various types of soil (Bouqbis et al., 2016). Several studies have 
demonstrated the bene�icial effects of applying biochar on soil N level, crop N uptake, and 
fertilizer N use ef�iciency. However, the degree, timing, and type of biochar application, along 
with the characteristics of the soil, are all highly related to these effects (Fiorentino et al., 
2019). On the other hand, biochar can adsorb N and other nutrients in the soil, reduce N 
leaching loss and NH3 volatilization (Fiorentino et al., 2019), and enhance crop N uptake and 
N use ef�iciency (Huang et al., 2018) because of its porosity, high cation exchange capacity, 
and rich functional groups. Rice is the dominant crop covering about 75% cultivable area in 
Bangladesh. The situation dictates the need of improving N use ef�iciency is of utmost 
importance for smallholder. Application of biochar which is a stable source of organic matter 

and plant nutrients could play a good role in sustenance of soil quality and crop productivity. 
Considering the above-mentioned situation, the present study was undertaken to investigate 
the potentiality of biochar along with N fertilization for increasing rice yield, N use ef�iciency 
and soil quality. 

2. Materials and Methods

2.1 Experimental site 

The experiment was conducted in the research �ield of the Soil Science Department of 
Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur. The 
experimental farm belongs to Salna series and has been classi�ied as Shallow Red Brown 
Terrace soil and inceptisol as USDA classi�ication system (FAO and UNDP, 1988). The soil is 
under the agro-ecological zone of Madhupur Tract (AEZ 28) and acidic in nature. The 
physico-chemical properties of experimental soil are presented in Table 1. Chemical analysis 
was done following the methods as outlined by Page et al. (1982). The experimental site is 
located at 24.09° N latitude and 90.26° E longitudes with an elevation of 8.2 m from sea level. 
The experimental site experiences subtropical humid climate. 

Table 1. Physico-chemical properties of the experimental soil and biochar

Parameters Soil Biochar

Soil moisture content  24 % -

Bulk density 1.49 g cm-3 -

Soil texture Silt loam -

Soil pH 5.94 7.56

Cation exchange capacity (CEC) 12.3 cmol kg-1 16 cmol kg-1

Organic carbon (OC) 0.88 % 41.3 %

Total Nitrogen (N) 0.09 % 0.50 %

Available P 7.45 ppm 0.13 %

Exchangeable K 0.27 me% 1.90 %

Available S 11.3 ppm 0.50 %

     
2.2 Experiment set up  

The experiment was carried out in a Randomized Complete Block Design (RCBD) with 
�ive treatments and four replications. The treatment combinations were as: T0= Control 
(without fertilizer and biochar); T1= 100% RDN (recommended dose of nitrogen); T2= 

100% RDN + 2 t ha-1 biochar; T3= 75% RDN + 2 t ha-1 biochar; T4= 50% RDN + 2 t ha-1 
biochar. The boro Rice variety BRRI dhan89 was used as the test crop. Biochar was 
prepared from rice husk (collected from rice mill) using the modi�ied biochar preparation 
stove developed by the Department of Soil Science, BSMRAU. Characterization of biochar 
was performed using standard methods. The characteristics of biochar are shown in Table 
1. Along with the biochar, fertilizers such as urea for N, triple superphosphate (TSP) for P, 
muriate of potash (MoP) for K and gypsum for S were calculated as prescribed by 
Bangladesh Agricultural Research Council (FRG, 2018). Thirty days’ old seedlings were 
transplanted on 01 February 2023 and the crop was harvested on 05 May 2023. The urea 
for N was applied as top dressing in three equal splits at 15, 30, and 45 days after 
transplanting (DAT) and other fertilizers applied as basal. All the intercultural operations 
were performed as per standard methods and procedures. Five hills of rice were selected 
randomly for different data collection such as plant height (cm), number of tillers per hill, 
SPAD value at maximum tillering stage, panicle length (cm), 1000 grain weight (g), straw 
yield (t ha-1) and grain yield (t ha-1). 

2.3 Nutrient analysis of the soil and plant samples 

The collected soil and plant samples (grain and straw) from each plot were dried in an 
oven at 700C for 48 hr until a constant weight was gained and ground by a grinding machine 
The soil and plant samples were analyzed for relevant parameters in the laboratory 
following the standard methodologies. Rice straw and grain samples were analyzed for N 
concentrations using Kjeldahl method as described by Jackson (1958). Nitrogen uptake in 
grain and straw was calculated by multiplying N content with the respective straw and grain 
yield per hector (ha). Total N content in straw and grain samples was used for calculating N 
use ef�iciency according to Guarda et al. (2004). The different ef�iciencies of nitrogen were 
derived using the following formula:

2.4 Statistical analysis

Experimental data were analyzed statistically with the help of statistical software 
STATISTIX 10. The mean differences of the treatments were obtained from least signi�icant 
difference (LSD) test at 5% level of probability for the interpretation of results.

3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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Abstract
Nitrogen (N) is an essential nutrient element for crop production, nevertheless too 

much or too little N is harmful for soil, environment and crops. Over the last century the 
reactive N (Nr) in the environment has become doubled from industrial and agricultural 
activities. Such Nr may impact soil physical, chemical and biological characteristics 
especially at farm level due to improper fertilizer management. Therefore, an experiment 
was conducted at the farmer’s �ield of Tokenagar village of Kapasia upazila under Gazipur 
district to evaluate the effects of various N management practices including biochar 
application on bio-physicochemical properties of soils in the Boro-T. Aman rice pattern. 
The experiment consisted of �ive treatments: T1-, control (zero nitrogen), T2 - farmer’s 
practice (FP) of N as prilled urea (PU), T3- recommended dose of N (RDN) as PU, T4 - 
biochar (2 t ha-1) + RDN (BRDN), and T5 - deep placement of urea super granule (USG). Soil 
samples were collected after each crop harvest s and analyzed for different physical and 
chemical parameters. Results indicated that biochar + RDN (T4) treatment positively 
contributed to decreased soil bulk density and increased water-holding capacity. The same 
treatment increased soil pH by 4.9% and the USG treatment (T5) did increase by 2.8% 
compared to the initial level. Compared to the control, water stable soil aggregates 
markedly increased in biochar (148-157%) and USG (54-111%) treatments. Smaller size 
soil particles (0.25 mm) were found more stable than larger sized particles (0.50 mm) size 
particles. Improvement of soil fertility is also evidenced, however, increment of 18% 
carbon for the biochar treatment is notable in terms of carbon-negative economy. 
Furthermore, the highest microbial biomass C and N due to biochar treatment con�irms its 
effectiveness for sustained soil quality and environment. 

Keywords: Biochar, Soil properties, Farmer �ield, Biomass carbon, Reactive nitrogen

1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for half of the global population. 

As the world's population is projected to reach 9.7 billion by 2050, meeting the rising 
demand for food will be a signi�icant challenge (UN, 2015). The current population in 
Bangladesh is 173 million which is expected to reach 220 million in 2050 (UNFPA, 2024). It 
is crucial to produce food for the ever-burgeoning population from a limited land resource. 
Nitrogen (N) fertilization plays a vital role in ful�illing the growing food requirements of the 
rapidly expanding global population. It in�luences key physiological processes in plants, 
including photosynthesis, protein synthesis and grain yield (Ladha et al., 2020). In many 
cropping systems, especially in tropical and subtropical climates, soil N is de�icient which 
seriously limits crop yields (Rahman et al., 2022a). Due to de�iciency of N in agricultural land 
and cropping systems across the world, external supply of N as fertilizer is necessary to meet 
the increasing demand of food. However, the excessive use of synthetic N fertilizers 
adversely affects soil health and the environment. Despite the over application of chemical N 
fertilizers, a substantial portion is either lost or remains unavailable to plants, leading to 
issues such as groundwater contamination, increased greenhouse gas emissions, and soil 
fertility degradation (Islam et al., 2024). Therefore, effective N management practices are 
crucial for improving soil health and maintaining soil fertility for future generations.

Alternatively, biochar application is an effective method for enhancing soil physico- 
chemical properties, such as soil porosity, bulk density, moisture content, soil organic 
carbon, total nitrogen, and other micronutrients (Islam et al., 2024). Biochar, a carbon-rich 
material formed through the thermal decomposition of biomass and organic wastes, has 
demonstrated a signi�icant improvement in soil quality (Rahman et al., 2020). Its use 
bene�its soil properties due to its high cation exchange capacity, large surface area, and rich 
nutrient composition. By increasing nutrient availability, improving soil chemical properties, 
and boosting soil microbial biomass carbon (C) and N, biochar can promote plant growth 
(Rahman, 2014). The slow decomposition rate of biochar allows it to have a lasting effect on 
soil properties and helps restore soil fertility (Rahman et al., 2020). Research has shown that 
combining biochar with synthetic N fertilizers can enhance crop yields in acidic soils (Ullah 
et al., 2021). Additionally, biochar can enhance plant growth by improving soil quality, 
increasing soil aggregate stability, increasing water retention, enhancing nutrient 
availability, promoting bene�icial microbial activity, and reducing soil-borne diseases. 
Therefore, biochar is considered a valuable soil amendment for crop production (Glaser et 
al., 2015). While recent studies suggest that using urea super granules (USG) through deep 
placement signi�icantly improves N use ef�iciency (NUE) and rice yield but farm level 
adoption of this technology is low in Bangladesh (Rea et al., 2019; Alam et al. 2023). 
Therefore, the present study was conducted in farmer’s �ields in Bangladesh to investigate 
the impact of applying urea fertilizer along with biochar, or applying the N fertilizers by deep 

placement of USG on soil physico-chemical properties of rice �ield. The study aims to offer 
guidance on effective N management practices that improve soil health and preserve soil 
fertility for sustainable agriculture.

2. Materials and Methods 

2.1 Site description

The study was conducted at Tokenagar village under Kapasia upazila of Gazipur district 
in Bangladesh. This village is located 24002' and 24016' N and in between 90030' and 90042' 
E. The village is under the agro-ecological zone (AEZ) of Old Brahmaputra Floodplain (AEZ 
9). Rice is the main crop for the farmers in this village. Most of the farmers follow 
Boro-Fallow-T. Aman (Transplanted Aman) rice cropping system. The yield of rice in the 
study village is low because of dependency on only synthetic fertilizers without use of 
organic fertilizers, which has resulted in a decline in soil fertility. 

2.2 Treatments, experimental design and fertilization 

The study consisted of �ive treatments: T1: zero N (control), T2: normal farmer practice 
(FP), where prilled urea was used, T3: soil test-based recommended dose of prilled urea 
(RDN), T4: biochar 2 t ha-1 + RDN (BRDN), and T5: deep placement of urea supper granules 
(USG). The experiment was laid out in a randomized complete block design with four 
replications. The size of individual plot was 16 m2 (4 m × 4 m). A 0.5 m irrigation channel 
separated the blocks from each other, while each plot was separated by a 0.5 m wide levee to 
prevent horizontal seepage of water and fertilizer between the plots.   

Prilled urea (PU) was used in all the N treatments except the USG. Soil samples at 0-15 cm 
were collected before the experiment was started and analyzed to determine soil test-based 
N rates which were 163 kg and 82 kg N ha-1 in Boro and T. Aman rice seasons, respectively 
while in normal farmer-practice, the application rates of prilled urea were 103 kg and 62 kg 
N ha-1. For USG treatment, the rates were 104 kg and 69 kg N ha-1, respectively.  Rice husk 
biochar was used in the BRDN treatment at the rate of 3.2 kg plot-1 (air-dry basis) equivalent 
to a dose of 2 t ha-1. This was applied 7 days before �inal land preparation and transplanting. 
Biochar was produced using rice husk in a burner developed by the Department of Soil 
Science, BSMRAU.    

The study was conducted in the Boro-Fallow-T. Aman cropping system during 
2022–2023. Boro is the dry season rice was grown with full irrigation, while T. Aman was 
grown under rainfed condition with supplementary irrigation, if needed. In the PU 
treatments, N was applied in three equal splits at 15, 35, and 55 days after transplantation 
(DAT). Urea super granules were applied as a single application at 15 DAT. Based on soil test 

results P, K and S were applied at 18 kg, 77 kg and 13 kg ha-1, respectively for Boro rice as 
basal and mixed with soil on the day of transplanting in all the treatments including zero-N 
control.  

For T. Aman rice (15 August–15 November 2023) variety Binadhan-17 was used. The soil 
test-based rates for P, K, and S were 6 kg, 52 kg, and 8 kg ha-1, respectively. In the PU 
treatments, N was applied in three equal splits on 10, 25, and 40 DAT, while USG was applied 
at a single dose at 10 DAT. Triple super phosphate (TSP), muriate of potash (MoP), and 
gypsum served as sources for P, K, and S, respectively, in both the Boro and T. Aman seasons. 
Crop and plot management practices were uniform across all plots, encompassing consistent 
approaches to irrigation, weed control, and pest management. 

2.3 Soil sampling and analysis

Before setting up the experiment and after completion of two-season rice harvesting, 
random composite soil samples (3 per plot) from 0-15 cm depth were taken using an auger. 
The soil samples were left to dry naturally in a shaded area and then pulverized with a 
mortar and ground to attain a particle size capable of passing through a 2 mm sieve. 
Nitrogen concentration in soil was determined by Kjeldahl method (Douglas et al., 1980). 
Soil samples were analysed for pH by glass electrode pH meter using a soil and water ratio of 
1: 2.5 (Jackson, 1958), organic carbon by wet oxidation method (Walkley and Black 1934), 
available P by Olsen method (Olsen and Sommers, 1982), S by turbidimetric method 
(Chesnin and Yien, 1950) and K by ammonium acetate extraction method (Barker and Surh, 
1982). The fumigation extraction procedure was used to measure soil microbial biomass 
carbon (SMBC) and soil microbial biomass nitrogen (SMBN) in the soil as previously 
described by Brookes et al. (1985). Soil bulk density (Bd) and water holding capacity (WHC) 
were measured according to methods described by Page et al. (1982). For water stable soil 
aggregates (WSA), collected soil was air dried and divided into 0.50 mm and 0.25 mm 
aggregates and water stable soil aggregates were determined by wet sieving method 
(Castellanos-Navarrete, 2013).

2.4 Statistical analysis

Statistix version 10.0 statistical software was used for the statistical analysis of the data. 
ANOVA and univariate analyses were conducted to assess all parameters, and the separation 
of treatment means was accomplished through the least signi�icant difference (LSD) method. 
Various graphs were generated using Microsoft Excel (Of�ice 2007).  

3. Results and Discussion
Effects of different treatments on soil properties are presented in table and graphs, and 
discussed below.

3.1 Bulk density 

Effects of different treatments on bulk density (Bd) of post-harvest soil are summarized 
in Fig. 1(a). Signi�icant interactive effect was found from the combination of biochar and N 
fertilizer on soil bulk density. The biochar treatments recorded the lowest soil Bd value (1.32 
g cm-3) which was probably due to the less dense and highly porous nature of rice husk 
biochar. When applied as a soil conditioner, biochar supports proliferation of soil faunas 
under these treatments, which in turn helps in maintaining the soil structure with proper 
soil aeration and water movement contributing to lowering of soil Bd (Burrell et al., 2016). 
Celik et al. (2010) found alike information that compared to mineral fertilization, different 
organic amendment reduced the bulk density at 0-15 cm soil depth. 

Fig. 1 Effects of different treatments on (a) bulk density and (b) water holding capacity of post-harvest 
soil; Vertical bar on the column indicates standard error. (Different letters on the bar of respective 
parameter indicate signi�icant difference)

3.2 Water holding capacity 

Similar to bulk density, a signi�icant effect was observed from the combined application 
of biochar and N fertilizer on soil water-holding capacity (WHC) of post-harvest soil, as 
shown in Fig. 1(b). The treatment demonstrated the highest WHC of 41%, the reason can be 
attributed to the large surface area and macro- and micropores structure on the external and 
internal surface of rice husk biochar which possibly helped water storing in the pore 
network. Also, the less hydrophobicity and polarity of rice husk biochar due to its 
conditioning after pyrolysis possibly in�luenced soil aggregation (Busscher et al., 2010), 
which could have potentially contributed to the enhanced WHC. On the other hand, the 
N-treated plot exhibited an inconsistent change in water-holding capacity, might be due to N 
increased microbial activity and accelerated the decomposition rate. Findings from our 

study are corroborated by Burrell et al. (2016) who reported similar results with an increase 
in WHC upon wood residue biochar application.  

3.3    Water stable soil aggregates (WSA) 

Treatments exhibited signi�icant effects on soil aggregate stability (Fig. 2). The 
signi�icantly highest WSA were attributed in the biochar treatment for both 0.50 mm 
(318%) and 0.25 mm (348%) sized soil particles. It is evident that smaller sized soil 
particles are more stable than that of the larger particles. Roy et al. (2019) also found that 
smaller sized soil particles contributed to a higher degree of aggregate stability. Soil 
aggregate stability largely depends on different agronomic management practices which 
may affect and breakdown larger aggregates, while the smaller aggregates may exist in high 
percentage (Simansky, 2013).                                                                                                                     

In terms of WSA, the treatments followed the order BRDN>USG>RDN>FP>Control 
(Fig. 2). Biochar is ef�icient in increasing soil aggregate stability of its larger surface area, 
and being organic materials, it acts as glue in binding soil particles together and makes 
soil aggregates stronger. Thus, the improved soil structure might contribute to nutrient 
and water retention, and also it becomes stronger to resist disruptive force and control 
soil erosion. 

Fig. 2  Soil aggregate stability (SAS) as affected by different N management practices (Different letters 
on the bar of respective parameter indicate signi�icant difference)
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Abstract 

Excessive use of nitrogen (N) fertilizer harms the environment, lowers N use ef�iciency 
and affects soil health. Biochar can substitute partially N fertilizer and bene�it crop 
production.  A �ield experiment was conducted to investigate the effect of biochar along with 
N fertilization on the growth and yield of rice (cv. BRRI dhan89), N use ef�iciency and soil 
properties. The treatments were T0 (Control), T1 (100% RDN), T2 (100% RDN + 2 t ha-1 
biochar), T3 (75% RDN + 2 t ha-1 biochar), and T4 (50% RDN + 2 t ha-1 biochar); RDN means 
recommended dose of nitrogen. The experiment was laid out in a randomized complete 
block design (RCBD) with four replications. Results showed that there was a signi�icant 
positive effect of biochar and N fertilization on rice crop. The signi�icantly highest plant 
height (103 cm), tillers (13.8), SPAD value (37.8), 1000-grain weight (25.2 g), straw yield 
(5.93 t ha-1) and grain yield (5.7 t ha-1) were recorded in T2 treatment which was statistically 
similar with T1 and T3 treatments. The combined application of biochar and N fertilizer 
increased agronomic ef�iciency by 5.8% and apparent N recovery by 13.6% in T3 treatment 
compared to sole application of RDN fertilizer (T1). Moreover, the physico-chemical 
properties of post-harvest soils were signi�icantly improved. Hence, the combined 
application of biochar and N fertilizer can be practiced to improve soil health, N use 
ef�iciency and rice productivity.

Keywords: BRRI dhan89, Soil health, SPAD value, Straw yield, Thousand-grain weight

1. Introduction
In Bangladesh, declining soil quality and nutrient loss have been the main constraints to 

rising agricultural productivity and food security. In addition to these issues, farmers are 
under tremendous pressure to boost crop yields, which exacerbates due to geometric 
population rise and climate change. Nitrogen is main de�icient element in this country’s soil 
and consequently, farmers use huge urea fertilizer to obtain higher crop yield. So, judicial N 

management is important for achieving sustainable soil health and crop yield.  Excessive use 
of N fertilizer can harm the soil health such as soil acidi�ication, soil organic matter content 
decline, bulk density increment, mineralization decline (Karimi et al., 2023). Soil fertility 
declines and environmental degradation occurs due to unbalanced use of N fertilizer. 
Excessive use of N fertilizer can harm the soil health such as soil acidi�ication, soil organic 
matter content decline, bulk density increment, mineralization decline (Karimi et al., 2023). 
The government subsidizes N fertilizer.  It is also apparent that the fertilizer subsidy does not 
guarantee balanced use of N fertilizer. Among the three types of rice, N fertilizer 
consumption is the highest in boro rice, because this high yielding crop receives the greatest 
inputs (Hossain et al., 2012; FRG, 2018). 

Excessive N inputs in intensive agricultural ecosystems have resulted in decreased N use 
ef�iciency (NUE). However, N undergoes several transformations in the soil and crop 
environments that result in loss of the N through leaching, denitri�ication, NH3 volatilization, 
surface runoff, N2O emissions that cannot be taken up by the crop via the hydrosphere, 
atmosphere, and soil (Brady et al., 2008). Hence, despite intensive cropping with modern 
crop varieties and the use of mostly chemical fertilizers, N use ef�iciency is declining in 
Bangladesh (Rahman et al., 2021). Better management techniques can reduce N fertilizer 
inputs, improve storage of soil N, and enhance N use ef�iciency. Thus, it becomes requisite to 
look into sustainable methods of optimizing crop production potential and regulating soil N 
through inorganic fertilizer along with organic sources. Applying biochar in this situation 
might be a way to knock a balance between the health of the soil and the amount of N 
fertilizer used. Biochar is a carbon-rich product from pyrolysis of biomass at relatively high 
temperature (400-6000C) such as wood, crop residues, and manure (Lehmann and Joseph, 
2015). Its (biochar) physiochemical properties such high surface area, high surface charge, 
high porosity, high water holding capacity, high pH, high nutrient exchange capacity etc. 
make it ideal for use as a soil conditioner and carbon sequester. Biochar enhances the 
physicochemical characteristics of soil, lowers soil acidity, raises cation exchange capacity 
(CEC), strengthens soil aggregates, holds onto nutrients, and in�luences the dynamics of 
water in�iltration in various types of soil (Bouqbis et al., 2016). Several studies have 
demonstrated the bene�icial effects of applying biochar on soil N level, crop N uptake, and 
fertilizer N use ef�iciency. However, the degree, timing, and type of biochar application, along 
with the characteristics of the soil, are all highly related to these effects (Fiorentino et al., 
2019). On the other hand, biochar can adsorb N and other nutrients in the soil, reduce N 
leaching loss and NH3 volatilization (Fiorentino et al., 2019), and enhance crop N uptake and 
N use ef�iciency (Huang et al., 2018) because of its porosity, high cation exchange capacity, 
and rich functional groups. Rice is the dominant crop covering about 75% cultivable area in 
Bangladesh. The situation dictates the need of improving N use ef�iciency is of utmost 
importance for smallholder. Application of biochar which is a stable source of organic matter 

and plant nutrients could play a good role in sustenance of soil quality and crop productivity. 
Considering the above-mentioned situation, the present study was undertaken to investigate 
the potentiality of biochar along with N fertilization for increasing rice yield, N use ef�iciency 
and soil quality. 

2. Materials and Methods

2.1 Experimental site 

The experiment was conducted in the research �ield of the Soil Science Department of 
Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur. The 
experimental farm belongs to Salna series and has been classi�ied as Shallow Red Brown 
Terrace soil and inceptisol as USDA classi�ication system (FAO and UNDP, 1988). The soil is 
under the agro-ecological zone of Madhupur Tract (AEZ 28) and acidic in nature. The 
physico-chemical properties of experimental soil are presented in Table 1. Chemical analysis 
was done following the methods as outlined by Page et al. (1982). The experimental site is 
located at 24.09° N latitude and 90.26° E longitudes with an elevation of 8.2 m from sea level. 
The experimental site experiences subtropical humid climate. 

Table 1. Physico-chemical properties of the experimental soil and biochar

Parameters Soil Biochar

Soil moisture content  24 % -

Bulk density 1.49 g cm-3 -

Soil texture Silt loam -

Soil pH 5.94 7.56

Cation exchange capacity (CEC) 12.3 cmol kg-1 16 cmol kg-1

Organic carbon (OC) 0.88 % 41.3 %

Total Nitrogen (N) 0.09 % 0.50 %

Available P 7.45 ppm 0.13 %

Exchangeable K 0.27 me% 1.90 %

Available S 11.3 ppm 0.50 %

     
2.2 Experiment set up  

The experiment was carried out in a Randomized Complete Block Design (RCBD) with 
�ive treatments and four replications. The treatment combinations were as: T0= Control 
(without fertilizer and biochar); T1= 100% RDN (recommended dose of nitrogen); T2= 

100% RDN + 2 t ha-1 biochar; T3= 75% RDN + 2 t ha-1 biochar; T4= 50% RDN + 2 t ha-1 
biochar. The boro Rice variety BRRI dhan89 was used as the test crop. Biochar was 
prepared from rice husk (collected from rice mill) using the modi�ied biochar preparation 
stove developed by the Department of Soil Science, BSMRAU. Characterization of biochar 
was performed using standard methods. The characteristics of biochar are shown in Table 
1. Along with the biochar, fertilizers such as urea for N, triple superphosphate (TSP) for P, 
muriate of potash (MoP) for K and gypsum for S were calculated as prescribed by 
Bangladesh Agricultural Research Council (FRG, 2018). Thirty days’ old seedlings were 
transplanted on 01 February 2023 and the crop was harvested on 05 May 2023. The urea 
for N was applied as top dressing in three equal splits at 15, 30, and 45 days after 
transplanting (DAT) and other fertilizers applied as basal. All the intercultural operations 
were performed as per standard methods and procedures. Five hills of rice were selected 
randomly for different data collection such as plant height (cm), number of tillers per hill, 
SPAD value at maximum tillering stage, panicle length (cm), 1000 grain weight (g), straw 
yield (t ha-1) and grain yield (t ha-1). 

2.3 Nutrient analysis of the soil and plant samples 

The collected soil and plant samples (grain and straw) from each plot were dried in an 
oven at 700C for 48 hr until a constant weight was gained and ground by a grinding machine 
The soil and plant samples were analyzed for relevant parameters in the laboratory 
following the standard methodologies. Rice straw and grain samples were analyzed for N 
concentrations using Kjeldahl method as described by Jackson (1958). Nitrogen uptake in 
grain and straw was calculated by multiplying N content with the respective straw and grain 
yield per hector (ha). Total N content in straw and grain samples was used for calculating N 
use ef�iciency according to Guarda et al. (2004). The different ef�iciencies of nitrogen were 
derived using the following formula:

2.4 Statistical analysis

Experimental data were analyzed statistically with the help of statistical software 
STATISTIX 10. The mean differences of the treatments were obtained from least signi�icant 
difference (LSD) test at 5% level of probability for the interpretation of results.

3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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Abstract
Nitrogen (N) is an essential nutrient element for crop production, nevertheless too 

much or too little N is harmful for soil, environment and crops. Over the last century the 
reactive N (Nr) in the environment has become doubled from industrial and agricultural 
activities. Such Nr may impact soil physical, chemical and biological characteristics 
especially at farm level due to improper fertilizer management. Therefore, an experiment 
was conducted at the farmer’s �ield of Tokenagar village of Kapasia upazila under Gazipur 
district to evaluate the effects of various N management practices including biochar 
application on bio-physicochemical properties of soils in the Boro-T. Aman rice pattern. 
The experiment consisted of �ive treatments: T1-, control (zero nitrogen), T2 - farmer’s 
practice (FP) of N as prilled urea (PU), T3- recommended dose of N (RDN) as PU, T4 - 
biochar (2 t ha-1) + RDN (BRDN), and T5 - deep placement of urea super granule (USG). Soil 
samples were collected after each crop harvest s and analyzed for different physical and 
chemical parameters. Results indicated that biochar + RDN (T4) treatment positively 
contributed to decreased soil bulk density and increased water-holding capacity. The same 
treatment increased soil pH by 4.9% and the USG treatment (T5) did increase by 2.8% 
compared to the initial level. Compared to the control, water stable soil aggregates 
markedly increased in biochar (148-157%) and USG (54-111%) treatments. Smaller size 
soil particles (0.25 mm) were found more stable than larger sized particles (0.50 mm) size 
particles. Improvement of soil fertility is also evidenced, however, increment of 18% 
carbon for the biochar treatment is notable in terms of carbon-negative economy. 
Furthermore, the highest microbial biomass C and N due to biochar treatment con�irms its 
effectiveness for sustained soil quality and environment. 

Keywords: Biochar, Soil properties, Farmer �ield, Biomass carbon, Reactive nitrogen

1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for half of the global population. 

As the world's population is projected to reach 9.7 billion by 2050, meeting the rising 
demand for food will be a signi�icant challenge (UN, 2015). The current population in 
Bangladesh is 173 million which is expected to reach 220 million in 2050 (UNFPA, 2024). It 
is crucial to produce food for the ever-burgeoning population from a limited land resource. 
Nitrogen (N) fertilization plays a vital role in ful�illing the growing food requirements of the 
rapidly expanding global population. It in�luences key physiological processes in plants, 
including photosynthesis, protein synthesis and grain yield (Ladha et al., 2020). In many 
cropping systems, especially in tropical and subtropical climates, soil N is de�icient which 
seriously limits crop yields (Rahman et al., 2022a). Due to de�iciency of N in agricultural land 
and cropping systems across the world, external supply of N as fertilizer is necessary to meet 
the increasing demand of food. However, the excessive use of synthetic N fertilizers 
adversely affects soil health and the environment. Despite the over application of chemical N 
fertilizers, a substantial portion is either lost or remains unavailable to plants, leading to 
issues such as groundwater contamination, increased greenhouse gas emissions, and soil 
fertility degradation (Islam et al., 2024). Therefore, effective N management practices are 
crucial for improving soil health and maintaining soil fertility for future generations.

Alternatively, biochar application is an effective method for enhancing soil physico- 
chemical properties, such as soil porosity, bulk density, moisture content, soil organic 
carbon, total nitrogen, and other micronutrients (Islam et al., 2024). Biochar, a carbon-rich 
material formed through the thermal decomposition of biomass and organic wastes, has 
demonstrated a signi�icant improvement in soil quality (Rahman et al., 2020). Its use 
bene�its soil properties due to its high cation exchange capacity, large surface area, and rich 
nutrient composition. By increasing nutrient availability, improving soil chemical properties, 
and boosting soil microbial biomass carbon (C) and N, biochar can promote plant growth 
(Rahman, 2014). The slow decomposition rate of biochar allows it to have a lasting effect on 
soil properties and helps restore soil fertility (Rahman et al., 2020). Research has shown that 
combining biochar with synthetic N fertilizers can enhance crop yields in acidic soils (Ullah 
et al., 2021). Additionally, biochar can enhance plant growth by improving soil quality, 
increasing soil aggregate stability, increasing water retention, enhancing nutrient 
availability, promoting bene�icial microbial activity, and reducing soil-borne diseases. 
Therefore, biochar is considered a valuable soil amendment for crop production (Glaser et 
al., 2015). While recent studies suggest that using urea super granules (USG) through deep 
placement signi�icantly improves N use ef�iciency (NUE) and rice yield but farm level 
adoption of this technology is low in Bangladesh (Rea et al., 2019; Alam et al. 2023). 
Therefore, the present study was conducted in farmer’s �ields in Bangladesh to investigate 
the impact of applying urea fertilizer along with biochar, or applying the N fertilizers by deep 

placement of USG on soil physico-chemical properties of rice �ield. The study aims to offer 
guidance on effective N management practices that improve soil health and preserve soil 
fertility for sustainable agriculture.

2. Materials and Methods 

2.1 Site description

The study was conducted at Tokenagar village under Kapasia upazila of Gazipur district 
in Bangladesh. This village is located 24002' and 24016' N and in between 90030' and 90042' 
E. The village is under the agro-ecological zone (AEZ) of Old Brahmaputra Floodplain (AEZ 
9). Rice is the main crop for the farmers in this village. Most of the farmers follow 
Boro-Fallow-T. Aman (Transplanted Aman) rice cropping system. The yield of rice in the 
study village is low because of dependency on only synthetic fertilizers without use of 
organic fertilizers, which has resulted in a decline in soil fertility. 

2.2 Treatments, experimental design and fertilization 

The study consisted of �ive treatments: T1: zero N (control), T2: normal farmer practice 
(FP), where prilled urea was used, T3: soil test-based recommended dose of prilled urea 
(RDN), T4: biochar 2 t ha-1 + RDN (BRDN), and T5: deep placement of urea supper granules 
(USG). The experiment was laid out in a randomized complete block design with four 
replications. The size of individual plot was 16 m2 (4 m × 4 m). A 0.5 m irrigation channel 
separated the blocks from each other, while each plot was separated by a 0.5 m wide levee to 
prevent horizontal seepage of water and fertilizer between the plots.   

Prilled urea (PU) was used in all the N treatments except the USG. Soil samples at 0-15 cm 
were collected before the experiment was started and analyzed to determine soil test-based 
N rates which were 163 kg and 82 kg N ha-1 in Boro and T. Aman rice seasons, respectively 
while in normal farmer-practice, the application rates of prilled urea were 103 kg and 62 kg 
N ha-1. For USG treatment, the rates were 104 kg and 69 kg N ha-1, respectively.  Rice husk 
biochar was used in the BRDN treatment at the rate of 3.2 kg plot-1 (air-dry basis) equivalent 
to a dose of 2 t ha-1. This was applied 7 days before �inal land preparation and transplanting. 
Biochar was produced using rice husk in a burner developed by the Department of Soil 
Science, BSMRAU.    

The study was conducted in the Boro-Fallow-T. Aman cropping system during 
2022–2023. Boro is the dry season rice was grown with full irrigation, while T. Aman was 
grown under rainfed condition with supplementary irrigation, if needed. In the PU 
treatments, N was applied in three equal splits at 15, 35, and 55 days after transplantation 
(DAT). Urea super granules were applied as a single application at 15 DAT. Based on soil test 

results P, K and S were applied at 18 kg, 77 kg and 13 kg ha-1, respectively for Boro rice as 
basal and mixed with soil on the day of transplanting in all the treatments including zero-N 
control.  

For T. Aman rice (15 August–15 November 2023) variety Binadhan-17 was used. The soil 
test-based rates for P, K, and S were 6 kg, 52 kg, and 8 kg ha-1, respectively. In the PU 
treatments, N was applied in three equal splits on 10, 25, and 40 DAT, while USG was applied 
at a single dose at 10 DAT. Triple super phosphate (TSP), muriate of potash (MoP), and 
gypsum served as sources for P, K, and S, respectively, in both the Boro and T. Aman seasons. 
Crop and plot management practices were uniform across all plots, encompassing consistent 
approaches to irrigation, weed control, and pest management. 

2.3 Soil sampling and analysis

Before setting up the experiment and after completion of two-season rice harvesting, 
random composite soil samples (3 per plot) from 0-15 cm depth were taken using an auger. 
The soil samples were left to dry naturally in a shaded area and then pulverized with a 
mortar and ground to attain a particle size capable of passing through a 2 mm sieve. 
Nitrogen concentration in soil was determined by Kjeldahl method (Douglas et al., 1980). 
Soil samples were analysed for pH by glass electrode pH meter using a soil and water ratio of 
1: 2.5 (Jackson, 1958), organic carbon by wet oxidation method (Walkley and Black 1934), 
available P by Olsen method (Olsen and Sommers, 1982), S by turbidimetric method 
(Chesnin and Yien, 1950) and K by ammonium acetate extraction method (Barker and Surh, 
1982). The fumigation extraction procedure was used to measure soil microbial biomass 
carbon (SMBC) and soil microbial biomass nitrogen (SMBN) in the soil as previously 
described by Brookes et al. (1985). Soil bulk density (Bd) and water holding capacity (WHC) 
were measured according to methods described by Page et al. (1982). For water stable soil 
aggregates (WSA), collected soil was air dried and divided into 0.50 mm and 0.25 mm 
aggregates and water stable soil aggregates were determined by wet sieving method 
(Castellanos-Navarrete, 2013).

2.4 Statistical analysis

Statistix version 10.0 statistical software was used for the statistical analysis of the data. 
ANOVA and univariate analyses were conducted to assess all parameters, and the separation 
of treatment means was accomplished through the least signi�icant difference (LSD) method. 
Various graphs were generated using Microsoft Excel (Of�ice 2007).  

3. Results and Discussion
Effects of different treatments on soil properties are presented in table and graphs, and 
discussed below.

3.1 Bulk density 

Effects of different treatments on bulk density (Bd) of post-harvest soil are summarized 
in Fig. 1(a). Signi�icant interactive effect was found from the combination of biochar and N 
fertilizer on soil bulk density. The biochar treatments recorded the lowest soil Bd value (1.32 
g cm-3) which was probably due to the less dense and highly porous nature of rice husk 
biochar. When applied as a soil conditioner, biochar supports proliferation of soil faunas 
under these treatments, which in turn helps in maintaining the soil structure with proper 
soil aeration and water movement contributing to lowering of soil Bd (Burrell et al., 2016). 
Celik et al. (2010) found alike information that compared to mineral fertilization, different 
organic amendment reduced the bulk density at 0-15 cm soil depth. 

Fig. 1 Effects of different treatments on (a) bulk density and (b) water holding capacity of post-harvest 
soil; Vertical bar on the column indicates standard error. (Different letters on the bar of respective 
parameter indicate signi�icant difference)

3.2 Water holding capacity 

Similar to bulk density, a signi�icant effect was observed from the combined application 
of biochar and N fertilizer on soil water-holding capacity (WHC) of post-harvest soil, as 
shown in Fig. 1(b). The treatment demonstrated the highest WHC of 41%, the reason can be 
attributed to the large surface area and macro- and micropores structure on the external and 
internal surface of rice husk biochar which possibly helped water storing in the pore 
network. Also, the less hydrophobicity and polarity of rice husk biochar due to its 
conditioning after pyrolysis possibly in�luenced soil aggregation (Busscher et al., 2010), 
which could have potentially contributed to the enhanced WHC. On the other hand, the 
N-treated plot exhibited an inconsistent change in water-holding capacity, might be due to N 
increased microbial activity and accelerated the decomposition rate. Findings from our 

study are corroborated by Burrell et al. (2016) who reported similar results with an increase 
in WHC upon wood residue biochar application.  

3.3    Water stable soil aggregates (WSA) 

Treatments exhibited signi�icant effects on soil aggregate stability (Fig. 2). The 
signi�icantly highest WSA were attributed in the biochar treatment for both 0.50 mm 
(318%) and 0.25 mm (348%) sized soil particles. It is evident that smaller sized soil 
particles are more stable than that of the larger particles. Roy et al. (2019) also found that 
smaller sized soil particles contributed to a higher degree of aggregate stability. Soil 
aggregate stability largely depends on different agronomic management practices which 
may affect and breakdown larger aggregates, while the smaller aggregates may exist in high 
percentage (Simansky, 2013).                                                                                                                     

In terms of WSA, the treatments followed the order BRDN>USG>RDN>FP>Control 
(Fig. 2). Biochar is ef�icient in increasing soil aggregate stability of its larger surface area, 
and being organic materials, it acts as glue in binding soil particles together and makes 
soil aggregates stronger. Thus, the improved soil structure might contribute to nutrient 
and water retention, and also it becomes stronger to resist disruptive force and control 
soil erosion. 

Fig. 2  Soil aggregate stability (SAS) as affected by different N management practices (Different letters 
on the bar of respective parameter indicate signi�icant difference)
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Abstract 

Excessive use of nitrogen (N) fertilizer harms the environment, lowers N use ef�iciency 
and affects soil health. Biochar can substitute partially N fertilizer and bene�it crop 
production.  A �ield experiment was conducted to investigate the effect of biochar along with 
N fertilization on the growth and yield of rice (cv. BRRI dhan89), N use ef�iciency and soil 
properties. The treatments were T0 (Control), T1 (100% RDN), T2 (100% RDN + 2 t ha-1 
biochar), T3 (75% RDN + 2 t ha-1 biochar), and T4 (50% RDN + 2 t ha-1 biochar); RDN means 
recommended dose of nitrogen. The experiment was laid out in a randomized complete 
block design (RCBD) with four replications. Results showed that there was a signi�icant 
positive effect of biochar and N fertilization on rice crop. The signi�icantly highest plant 
height (103 cm), tillers (13.8), SPAD value (37.8), 1000-grain weight (25.2 g), straw yield 
(5.93 t ha-1) and grain yield (5.7 t ha-1) were recorded in T2 treatment which was statistically 
similar with T1 and T3 treatments. The combined application of biochar and N fertilizer 
increased agronomic ef�iciency by 5.8% and apparent N recovery by 13.6% in T3 treatment 
compared to sole application of RDN fertilizer (T1). Moreover, the physico-chemical 
properties of post-harvest soils were signi�icantly improved. Hence, the combined 
application of biochar and N fertilizer can be practiced to improve soil health, N use 
ef�iciency and rice productivity.

Keywords: BRRI dhan89, Soil health, SPAD value, Straw yield, Thousand-grain weight

1. Introduction
In Bangladesh, declining soil quality and nutrient loss have been the main constraints to 

rising agricultural productivity and food security. In addition to these issues, farmers are 
under tremendous pressure to boost crop yields, which exacerbates due to geometric 
population rise and climate change. Nitrogen is main de�icient element in this country’s soil 
and consequently, farmers use huge urea fertilizer to obtain higher crop yield. So, judicial N 

management is important for achieving sustainable soil health and crop yield.  Excessive use 
of N fertilizer can harm the soil health such as soil acidi�ication, soil organic matter content 
decline, bulk density increment, mineralization decline (Karimi et al., 2023). Soil fertility 
declines and environmental degradation occurs due to unbalanced use of N fertilizer. 
Excessive use of N fertilizer can harm the soil health such as soil acidi�ication, soil organic 
matter content decline, bulk density increment, mineralization decline (Karimi et al., 2023). 
The government subsidizes N fertilizer.  It is also apparent that the fertilizer subsidy does not 
guarantee balanced use of N fertilizer. Among the three types of rice, N fertilizer 
consumption is the highest in boro rice, because this high yielding crop receives the greatest 
inputs (Hossain et al., 2012; FRG, 2018). 

Excessive N inputs in intensive agricultural ecosystems have resulted in decreased N use 
ef�iciency (NUE). However, N undergoes several transformations in the soil and crop 
environments that result in loss of the N through leaching, denitri�ication, NH3 volatilization, 
surface runoff, N2O emissions that cannot be taken up by the crop via the hydrosphere, 
atmosphere, and soil (Brady et al., 2008). Hence, despite intensive cropping with modern 
crop varieties and the use of mostly chemical fertilizers, N use ef�iciency is declining in 
Bangladesh (Rahman et al., 2021). Better management techniques can reduce N fertilizer 
inputs, improve storage of soil N, and enhance N use ef�iciency. Thus, it becomes requisite to 
look into sustainable methods of optimizing crop production potential and regulating soil N 
through inorganic fertilizer along with organic sources. Applying biochar in this situation 
might be a way to knock a balance between the health of the soil and the amount of N 
fertilizer used. Biochar is a carbon-rich product from pyrolysis of biomass at relatively high 
temperature (400-6000C) such as wood, crop residues, and manure (Lehmann and Joseph, 
2015). Its (biochar) physiochemical properties such high surface area, high surface charge, 
high porosity, high water holding capacity, high pH, high nutrient exchange capacity etc. 
make it ideal for use as a soil conditioner and carbon sequester. Biochar enhances the 
physicochemical characteristics of soil, lowers soil acidity, raises cation exchange capacity 
(CEC), strengthens soil aggregates, holds onto nutrients, and in�luences the dynamics of 
water in�iltration in various types of soil (Bouqbis et al., 2016). Several studies have 
demonstrated the bene�icial effects of applying biochar on soil N level, crop N uptake, and 
fertilizer N use ef�iciency. However, the degree, timing, and type of biochar application, along 
with the characteristics of the soil, are all highly related to these effects (Fiorentino et al., 
2019). On the other hand, biochar can adsorb N and other nutrients in the soil, reduce N 
leaching loss and NH3 volatilization (Fiorentino et al., 2019), and enhance crop N uptake and 
N use ef�iciency (Huang et al., 2018) because of its porosity, high cation exchange capacity, 
and rich functional groups. Rice is the dominant crop covering about 75% cultivable area in 
Bangladesh. The situation dictates the need of improving N use ef�iciency is of utmost 
importance for smallholder. Application of biochar which is a stable source of organic matter 

and plant nutrients could play a good role in sustenance of soil quality and crop productivity. 
Considering the above-mentioned situation, the present study was undertaken to investigate 
the potentiality of biochar along with N fertilization for increasing rice yield, N use ef�iciency 
and soil quality. 

2. Materials and Methods

2.1 Experimental site 

The experiment was conducted in the research �ield of the Soil Science Department of 
Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur. The 
experimental farm belongs to Salna series and has been classi�ied as Shallow Red Brown 
Terrace soil and inceptisol as USDA classi�ication system (FAO and UNDP, 1988). The soil is 
under the agro-ecological zone of Madhupur Tract (AEZ 28) and acidic in nature. The 
physico-chemical properties of experimental soil are presented in Table 1. Chemical analysis 
was done following the methods as outlined by Page et al. (1982). The experimental site is 
located at 24.09° N latitude and 90.26° E longitudes with an elevation of 8.2 m from sea level. 
The experimental site experiences subtropical humid climate. 

Table 1. Physico-chemical properties of the experimental soil and biochar

Parameters Soil Biochar

Soil moisture content  24 % -

Bulk density 1.49 g cm-3 -

Soil texture Silt loam -

Soil pH 5.94 7.56

Cation exchange capacity (CEC) 12.3 cmol kg-1 16 cmol kg-1

Organic carbon (OC) 0.88 % 41.3 %

Total Nitrogen (N) 0.09 % 0.50 %

Available P 7.45 ppm 0.13 %

Exchangeable K 0.27 me% 1.90 %

Available S 11.3 ppm 0.50 %

     
2.2 Experiment set up  

The experiment was carried out in a Randomized Complete Block Design (RCBD) with 
�ive treatments and four replications. The treatment combinations were as: T0= Control 
(without fertilizer and biochar); T1= 100% RDN (recommended dose of nitrogen); T2= 

100% RDN + 2 t ha-1 biochar; T3= 75% RDN + 2 t ha-1 biochar; T4= 50% RDN + 2 t ha-1 
biochar. The boro Rice variety BRRI dhan89 was used as the test crop. Biochar was 
prepared from rice husk (collected from rice mill) using the modi�ied biochar preparation 
stove developed by the Department of Soil Science, BSMRAU. Characterization of biochar 
was performed using standard methods. The characteristics of biochar are shown in Table 
1. Along with the biochar, fertilizers such as urea for N, triple superphosphate (TSP) for P, 
muriate of potash (MoP) for K and gypsum for S were calculated as prescribed by 
Bangladesh Agricultural Research Council (FRG, 2018). Thirty days’ old seedlings were 
transplanted on 01 February 2023 and the crop was harvested on 05 May 2023. The urea 
for N was applied as top dressing in three equal splits at 15, 30, and 45 days after 
transplanting (DAT) and other fertilizers applied as basal. All the intercultural operations 
were performed as per standard methods and procedures. Five hills of rice were selected 
randomly for different data collection such as plant height (cm), number of tillers per hill, 
SPAD value at maximum tillering stage, panicle length (cm), 1000 grain weight (g), straw 
yield (t ha-1) and grain yield (t ha-1). 

2.3 Nutrient analysis of the soil and plant samples 

The collected soil and plant samples (grain and straw) from each plot were dried in an 
oven at 700C for 48 hr until a constant weight was gained and ground by a grinding machine 
The soil and plant samples were analyzed for relevant parameters in the laboratory 
following the standard methodologies. Rice straw and grain samples were analyzed for N 
concentrations using Kjeldahl method as described by Jackson (1958). Nitrogen uptake in 
grain and straw was calculated by multiplying N content with the respective straw and grain 
yield per hector (ha). Total N content in straw and grain samples was used for calculating N 
use ef�iciency according to Guarda et al. (2004). The different ef�iciencies of nitrogen were 
derived using the following formula:

2.4 Statistical analysis

Experimental data were analyzed statistically with the help of statistical software 
STATISTIX 10. The mean differences of the treatments were obtained from least signi�icant 
difference (LSD) test at 5% level of probability for the interpretation of results.

3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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Abstract
Nitrogen (N) is an essential nutrient element for crop production, nevertheless too 

much or too little N is harmful for soil, environment and crops. Over the last century the 
reactive N (Nr) in the environment has become doubled from industrial and agricultural 
activities. Such Nr may impact soil physical, chemical and biological characteristics 
especially at farm level due to improper fertilizer management. Therefore, an experiment 
was conducted at the farmer’s �ield of Tokenagar village of Kapasia upazila under Gazipur 
district to evaluate the effects of various N management practices including biochar 
application on bio-physicochemical properties of soils in the Boro-T. Aman rice pattern. 
The experiment consisted of �ive treatments: T1-, control (zero nitrogen), T2 - farmer’s 
practice (FP) of N as prilled urea (PU), T3- recommended dose of N (RDN) as PU, T4 - 
biochar (2 t ha-1) + RDN (BRDN), and T5 - deep placement of urea super granule (USG). Soil 
samples were collected after each crop harvest s and analyzed for different physical and 
chemical parameters. Results indicated that biochar + RDN (T4) treatment positively 
contributed to decreased soil bulk density and increased water-holding capacity. The same 
treatment increased soil pH by 4.9% and the USG treatment (T5) did increase by 2.8% 
compared to the initial level. Compared to the control, water stable soil aggregates 
markedly increased in biochar (148-157%) and USG (54-111%) treatments. Smaller size 
soil particles (0.25 mm) were found more stable than larger sized particles (0.50 mm) size 
particles. Improvement of soil fertility is also evidenced, however, increment of 18% 
carbon for the biochar treatment is notable in terms of carbon-negative economy. 
Furthermore, the highest microbial biomass C and N due to biochar treatment con�irms its 
effectiveness for sustained soil quality and environment. 

Keywords: Biochar, Soil properties, Farmer �ield, Biomass carbon, Reactive nitrogen

1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for half of the global population. 

As the world's population is projected to reach 9.7 billion by 2050, meeting the rising 
demand for food will be a signi�icant challenge (UN, 2015). The current population in 
Bangladesh is 173 million which is expected to reach 220 million in 2050 (UNFPA, 2024). It 
is crucial to produce food for the ever-burgeoning population from a limited land resource. 
Nitrogen (N) fertilization plays a vital role in ful�illing the growing food requirements of the 
rapidly expanding global population. It in�luences key physiological processes in plants, 
including photosynthesis, protein synthesis and grain yield (Ladha et al., 2020). In many 
cropping systems, especially in tropical and subtropical climates, soil N is de�icient which 
seriously limits crop yields (Rahman et al., 2022a). Due to de�iciency of N in agricultural land 
and cropping systems across the world, external supply of N as fertilizer is necessary to meet 
the increasing demand of food. However, the excessive use of synthetic N fertilizers 
adversely affects soil health and the environment. Despite the over application of chemical N 
fertilizers, a substantial portion is either lost or remains unavailable to plants, leading to 
issues such as groundwater contamination, increased greenhouse gas emissions, and soil 
fertility degradation (Islam et al., 2024). Therefore, effective N management practices are 
crucial for improving soil health and maintaining soil fertility for future generations.

Alternatively, biochar application is an effective method for enhancing soil physico- 
chemical properties, such as soil porosity, bulk density, moisture content, soil organic 
carbon, total nitrogen, and other micronutrients (Islam et al., 2024). Biochar, a carbon-rich 
material formed through the thermal decomposition of biomass and organic wastes, has 
demonstrated a signi�icant improvement in soil quality (Rahman et al., 2020). Its use 
bene�its soil properties due to its high cation exchange capacity, large surface area, and rich 
nutrient composition. By increasing nutrient availability, improving soil chemical properties, 
and boosting soil microbial biomass carbon (C) and N, biochar can promote plant growth 
(Rahman, 2014). The slow decomposition rate of biochar allows it to have a lasting effect on 
soil properties and helps restore soil fertility (Rahman et al., 2020). Research has shown that 
combining biochar with synthetic N fertilizers can enhance crop yields in acidic soils (Ullah 
et al., 2021). Additionally, biochar can enhance plant growth by improving soil quality, 
increasing soil aggregate stability, increasing water retention, enhancing nutrient 
availability, promoting bene�icial microbial activity, and reducing soil-borne diseases. 
Therefore, biochar is considered a valuable soil amendment for crop production (Glaser et 
al., 2015). While recent studies suggest that using urea super granules (USG) through deep 
placement signi�icantly improves N use ef�iciency (NUE) and rice yield but farm level 
adoption of this technology is low in Bangladesh (Rea et al., 2019; Alam et al. 2023). 
Therefore, the present study was conducted in farmer’s �ields in Bangladesh to investigate 
the impact of applying urea fertilizer along with biochar, or applying the N fertilizers by deep 

placement of USG on soil physico-chemical properties of rice �ield. The study aims to offer 
guidance on effective N management practices that improve soil health and preserve soil 
fertility for sustainable agriculture.

2. Materials and Methods 

2.1 Site description

The study was conducted at Tokenagar village under Kapasia upazila of Gazipur district 
in Bangladesh. This village is located 24002' and 24016' N and in between 90030' and 90042' 
E. The village is under the agro-ecological zone (AEZ) of Old Brahmaputra Floodplain (AEZ 
9). Rice is the main crop for the farmers in this village. Most of the farmers follow 
Boro-Fallow-T. Aman (Transplanted Aman) rice cropping system. The yield of rice in the 
study village is low because of dependency on only synthetic fertilizers without use of 
organic fertilizers, which has resulted in a decline in soil fertility. 

2.2 Treatments, experimental design and fertilization 

The study consisted of �ive treatments: T1: zero N (control), T2: normal farmer practice 
(FP), where prilled urea was used, T3: soil test-based recommended dose of prilled urea 
(RDN), T4: biochar 2 t ha-1 + RDN (BRDN), and T5: deep placement of urea supper granules 
(USG). The experiment was laid out in a randomized complete block design with four 
replications. The size of individual plot was 16 m2 (4 m × 4 m). A 0.5 m irrigation channel 
separated the blocks from each other, while each plot was separated by a 0.5 m wide levee to 
prevent horizontal seepage of water and fertilizer between the plots.   

Prilled urea (PU) was used in all the N treatments except the USG. Soil samples at 0-15 cm 
were collected before the experiment was started and analyzed to determine soil test-based 
N rates which were 163 kg and 82 kg N ha-1 in Boro and T. Aman rice seasons, respectively 
while in normal farmer-practice, the application rates of prilled urea were 103 kg and 62 kg 
N ha-1. For USG treatment, the rates were 104 kg and 69 kg N ha-1, respectively.  Rice husk 
biochar was used in the BRDN treatment at the rate of 3.2 kg plot-1 (air-dry basis) equivalent 
to a dose of 2 t ha-1. This was applied 7 days before �inal land preparation and transplanting. 
Biochar was produced using rice husk in a burner developed by the Department of Soil 
Science, BSMRAU.    

The study was conducted in the Boro-Fallow-T. Aman cropping system during 
2022–2023. Boro is the dry season rice was grown with full irrigation, while T. Aman was 
grown under rainfed condition with supplementary irrigation, if needed. In the PU 
treatments, N was applied in three equal splits at 15, 35, and 55 days after transplantation 
(DAT). Urea super granules were applied as a single application at 15 DAT. Based on soil test 

results P, K and S were applied at 18 kg, 77 kg and 13 kg ha-1, respectively for Boro rice as 
basal and mixed with soil on the day of transplanting in all the treatments including zero-N 
control.  

For T. Aman rice (15 August–15 November 2023) variety Binadhan-17 was used. The soil 
test-based rates for P, K, and S were 6 kg, 52 kg, and 8 kg ha-1, respectively. In the PU 
treatments, N was applied in three equal splits on 10, 25, and 40 DAT, while USG was applied 
at a single dose at 10 DAT. Triple super phosphate (TSP), muriate of potash (MoP), and 
gypsum served as sources for P, K, and S, respectively, in both the Boro and T. Aman seasons. 
Crop and plot management practices were uniform across all plots, encompassing consistent 
approaches to irrigation, weed control, and pest management. 

2.3 Soil sampling and analysis

Before setting up the experiment and after completion of two-season rice harvesting, 
random composite soil samples (3 per plot) from 0-15 cm depth were taken using an auger. 
The soil samples were left to dry naturally in a shaded area and then pulverized with a 
mortar and ground to attain a particle size capable of passing through a 2 mm sieve. 
Nitrogen concentration in soil was determined by Kjeldahl method (Douglas et al., 1980). 
Soil samples were analysed for pH by glass electrode pH meter using a soil and water ratio of 
1: 2.5 (Jackson, 1958), organic carbon by wet oxidation method (Walkley and Black 1934), 
available P by Olsen method (Olsen and Sommers, 1982), S by turbidimetric method 
(Chesnin and Yien, 1950) and K by ammonium acetate extraction method (Barker and Surh, 
1982). The fumigation extraction procedure was used to measure soil microbial biomass 
carbon (SMBC) and soil microbial biomass nitrogen (SMBN) in the soil as previously 
described by Brookes et al. (1985). Soil bulk density (Bd) and water holding capacity (WHC) 
were measured according to methods described by Page et al. (1982). For water stable soil 
aggregates (WSA), collected soil was air dried and divided into 0.50 mm and 0.25 mm 
aggregates and water stable soil aggregates were determined by wet sieving method 
(Castellanos-Navarrete, 2013).

2.4 Statistical analysis

Statistix version 10.0 statistical software was used for the statistical analysis of the data. 
ANOVA and univariate analyses were conducted to assess all parameters, and the separation 
of treatment means was accomplished through the least signi�icant difference (LSD) method. 
Various graphs were generated using Microsoft Excel (Of�ice 2007).  

3. Results and Discussion
Effects of different treatments on soil properties are presented in table and graphs, and 
discussed below.

3.1 Bulk density 

Effects of different treatments on bulk density (Bd) of post-harvest soil are summarized 
in Fig. 1(a). Signi�icant interactive effect was found from the combination of biochar and N 
fertilizer on soil bulk density. The biochar treatments recorded the lowest soil Bd value (1.32 
g cm-3) which was probably due to the less dense and highly porous nature of rice husk 
biochar. When applied as a soil conditioner, biochar supports proliferation of soil faunas 
under these treatments, which in turn helps in maintaining the soil structure with proper 
soil aeration and water movement contributing to lowering of soil Bd (Burrell et al., 2016). 
Celik et al. (2010) found alike information that compared to mineral fertilization, different 
organic amendment reduced the bulk density at 0-15 cm soil depth. 

Fig. 1 Effects of different treatments on (a) bulk density and (b) water holding capacity of post-harvest 
soil; Vertical bar on the column indicates standard error. (Different letters on the bar of respective 
parameter indicate signi�icant difference)

3.2 Water holding capacity 

Similar to bulk density, a signi�icant effect was observed from the combined application 
of biochar and N fertilizer on soil water-holding capacity (WHC) of post-harvest soil, as 
shown in Fig. 1(b). The treatment demonstrated the highest WHC of 41%, the reason can be 
attributed to the large surface area and macro- and micropores structure on the external and 
internal surface of rice husk biochar which possibly helped water storing in the pore 
network. Also, the less hydrophobicity and polarity of rice husk biochar due to its 
conditioning after pyrolysis possibly in�luenced soil aggregation (Busscher et al., 2010), 
which could have potentially contributed to the enhanced WHC. On the other hand, the 
N-treated plot exhibited an inconsistent change in water-holding capacity, might be due to N 
increased microbial activity and accelerated the decomposition rate. Findings from our 

study are corroborated by Burrell et al. (2016) who reported similar results with an increase 
in WHC upon wood residue biochar application.  

3.3    Water stable soil aggregates (WSA) 

Treatments exhibited signi�icant effects on soil aggregate stability (Fig. 2). The 
signi�icantly highest WSA were attributed in the biochar treatment for both 0.50 mm 
(318%) and 0.25 mm (348%) sized soil particles. It is evident that smaller sized soil 
particles are more stable than that of the larger particles. Roy et al. (2019) also found that 
smaller sized soil particles contributed to a higher degree of aggregate stability. Soil 
aggregate stability largely depends on different agronomic management practices which 
may affect and breakdown larger aggregates, while the smaller aggregates may exist in high 
percentage (Simansky, 2013).                                                                                                                     

In terms of WSA, the treatments followed the order BRDN>USG>RDN>FP>Control 
(Fig. 2). Biochar is ef�icient in increasing soil aggregate stability of its larger surface area, 
and being organic materials, it acts as glue in binding soil particles together and makes 
soil aggregates stronger. Thus, the improved soil structure might contribute to nutrient 
and water retention, and also it becomes stronger to resist disruptive force and control 
soil erosion. 

Fig. 2  Soil aggregate stability (SAS) as affected by different N management practices (Different letters 
on the bar of respective parameter indicate signi�icant difference)
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Abstract 

Excessive use of nitrogen (N) fertilizer harms the environment, lowers N use ef�iciency 
and affects soil health. Biochar can substitute partially N fertilizer and bene�it crop 
production.  A �ield experiment was conducted to investigate the effect of biochar along with 
N fertilization on the growth and yield of rice (cv. BRRI dhan89), N use ef�iciency and soil 
properties. The treatments were T0 (Control), T1 (100% RDN), T2 (100% RDN + 2 t ha-1 
biochar), T3 (75% RDN + 2 t ha-1 biochar), and T4 (50% RDN + 2 t ha-1 biochar); RDN means 
recommended dose of nitrogen. The experiment was laid out in a randomized complete 
block design (RCBD) with four replications. Results showed that there was a signi�icant 
positive effect of biochar and N fertilization on rice crop. The signi�icantly highest plant 
height (103 cm), tillers (13.8), SPAD value (37.8), 1000-grain weight (25.2 g), straw yield 
(5.93 t ha-1) and grain yield (5.7 t ha-1) were recorded in T2 treatment which was statistically 
similar with T1 and T3 treatments. The combined application of biochar and N fertilizer 
increased agronomic ef�iciency by 5.8% and apparent N recovery by 13.6% in T3 treatment 
compared to sole application of RDN fertilizer (T1). Moreover, the physico-chemical 
properties of post-harvest soils were signi�icantly improved. Hence, the combined 
application of biochar and N fertilizer can be practiced to improve soil health, N use 
ef�iciency and rice productivity.

Keywords: BRRI dhan89, Soil health, SPAD value, Straw yield, Thousand-grain weight

1. Introduction
In Bangladesh, declining soil quality and nutrient loss have been the main constraints to 

rising agricultural productivity and food security. In addition to these issues, farmers are 
under tremendous pressure to boost crop yields, which exacerbates due to geometric 
population rise and climate change. Nitrogen is main de�icient element in this country’s soil 
and consequently, farmers use huge urea fertilizer to obtain higher crop yield. So, judicial N 

management is important for achieving sustainable soil health and crop yield.  Excessive use 
of N fertilizer can harm the soil health such as soil acidi�ication, soil organic matter content 
decline, bulk density increment, mineralization decline (Karimi et al., 2023). Soil fertility 
declines and environmental degradation occurs due to unbalanced use of N fertilizer. 
Excessive use of N fertilizer can harm the soil health such as soil acidi�ication, soil organic 
matter content decline, bulk density increment, mineralization decline (Karimi et al., 2023). 
The government subsidizes N fertilizer.  It is also apparent that the fertilizer subsidy does not 
guarantee balanced use of N fertilizer. Among the three types of rice, N fertilizer 
consumption is the highest in boro rice, because this high yielding crop receives the greatest 
inputs (Hossain et al., 2012; FRG, 2018). 

Excessive N inputs in intensive agricultural ecosystems have resulted in decreased N use 
ef�iciency (NUE). However, N undergoes several transformations in the soil and crop 
environments that result in loss of the N through leaching, denitri�ication, NH3 volatilization, 
surface runoff, N2O emissions that cannot be taken up by the crop via the hydrosphere, 
atmosphere, and soil (Brady et al., 2008). Hence, despite intensive cropping with modern 
crop varieties and the use of mostly chemical fertilizers, N use ef�iciency is declining in 
Bangladesh (Rahman et al., 2021). Better management techniques can reduce N fertilizer 
inputs, improve storage of soil N, and enhance N use ef�iciency. Thus, it becomes requisite to 
look into sustainable methods of optimizing crop production potential and regulating soil N 
through inorganic fertilizer along with organic sources. Applying biochar in this situation 
might be a way to knock a balance between the health of the soil and the amount of N 
fertilizer used. Biochar is a carbon-rich product from pyrolysis of biomass at relatively high 
temperature (400-6000C) such as wood, crop residues, and manure (Lehmann and Joseph, 
2015). Its (biochar) physiochemical properties such high surface area, high surface charge, 
high porosity, high water holding capacity, high pH, high nutrient exchange capacity etc. 
make it ideal for use as a soil conditioner and carbon sequester. Biochar enhances the 
physicochemical characteristics of soil, lowers soil acidity, raises cation exchange capacity 
(CEC), strengthens soil aggregates, holds onto nutrients, and in�luences the dynamics of 
water in�iltration in various types of soil (Bouqbis et al., 2016). Several studies have 
demonstrated the bene�icial effects of applying biochar on soil N level, crop N uptake, and 
fertilizer N use ef�iciency. However, the degree, timing, and type of biochar application, along 
with the characteristics of the soil, are all highly related to these effects (Fiorentino et al., 
2019). On the other hand, biochar can adsorb N and other nutrients in the soil, reduce N 
leaching loss and NH3 volatilization (Fiorentino et al., 2019), and enhance crop N uptake and 
N use ef�iciency (Huang et al., 2018) because of its porosity, high cation exchange capacity, 
and rich functional groups. Rice is the dominant crop covering about 75% cultivable area in 
Bangladesh. The situation dictates the need of improving N use ef�iciency is of utmost 
importance for smallholder. Application of biochar which is a stable source of organic matter 

and plant nutrients could play a good role in sustenance of soil quality and crop productivity. 
Considering the above-mentioned situation, the present study was undertaken to investigate 
the potentiality of biochar along with N fertilization for increasing rice yield, N use ef�iciency 
and soil quality. 

2. Materials and Methods

2.1 Experimental site 

The experiment was conducted in the research �ield of the Soil Science Department of 
Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur. The 
experimental farm belongs to Salna series and has been classi�ied as Shallow Red Brown 
Terrace soil and inceptisol as USDA classi�ication system (FAO and UNDP, 1988). The soil is 
under the agro-ecological zone of Madhupur Tract (AEZ 28) and acidic in nature. The 
physico-chemical properties of experimental soil are presented in Table 1. Chemical analysis 
was done following the methods as outlined by Page et al. (1982). The experimental site is 
located at 24.09° N latitude and 90.26° E longitudes with an elevation of 8.2 m from sea level. 
The experimental site experiences subtropical humid climate. 

Table 1. Physico-chemical properties of the experimental soil and biochar

Parameters Soil Biochar

Soil moisture content  24 % -

Bulk density 1.49 g cm-3 -

Soil texture Silt loam -

Soil pH 5.94 7.56

Cation exchange capacity (CEC) 12.3 cmol kg-1 16 cmol kg-1

Organic carbon (OC) 0.88 % 41.3 %

Total Nitrogen (N) 0.09 % 0.50 %

Available P 7.45 ppm 0.13 %

Exchangeable K 0.27 me% 1.90 %

Available S 11.3 ppm 0.50 %

     
2.2 Experiment set up  

The experiment was carried out in a Randomized Complete Block Design (RCBD) with 
�ive treatments and four replications. The treatment combinations were as: T0= Control 
(without fertilizer and biochar); T1= 100% RDN (recommended dose of nitrogen); T2= 

100% RDN + 2 t ha-1 biochar; T3= 75% RDN + 2 t ha-1 biochar; T4= 50% RDN + 2 t ha-1 
biochar. The boro Rice variety BRRI dhan89 was used as the test crop. Biochar was 
prepared from rice husk (collected from rice mill) using the modi�ied biochar preparation 
stove developed by the Department of Soil Science, BSMRAU. Characterization of biochar 
was performed using standard methods. The characteristics of biochar are shown in Table 
1. Along with the biochar, fertilizers such as urea for N, triple superphosphate (TSP) for P, 
muriate of potash (MoP) for K and gypsum for S were calculated as prescribed by 
Bangladesh Agricultural Research Council (FRG, 2018). Thirty days’ old seedlings were 
transplanted on 01 February 2023 and the crop was harvested on 05 May 2023. The urea 
for N was applied as top dressing in three equal splits at 15, 30, and 45 days after 
transplanting (DAT) and other fertilizers applied as basal. All the intercultural operations 
were performed as per standard methods and procedures. Five hills of rice were selected 
randomly for different data collection such as plant height (cm), number of tillers per hill, 
SPAD value at maximum tillering stage, panicle length (cm), 1000 grain weight (g), straw 
yield (t ha-1) and grain yield (t ha-1). 

2.3 Nutrient analysis of the soil and plant samples 

The collected soil and plant samples (grain and straw) from each plot were dried in an 
oven at 700C for 48 hr until a constant weight was gained and ground by a grinding machine 
The soil and plant samples were analyzed for relevant parameters in the laboratory 
following the standard methodologies. Rice straw and grain samples were analyzed for N 
concentrations using Kjeldahl method as described by Jackson (1958). Nitrogen uptake in 
grain and straw was calculated by multiplying N content with the respective straw and grain 
yield per hector (ha). Total N content in straw and grain samples was used for calculating N 
use ef�iciency according to Guarda et al. (2004). The different ef�iciencies of nitrogen were 
derived using the following formula:

2.4 Statistical analysis

Experimental data were analyzed statistically with the help of statistical software 
STATISTIX 10. The mean differences of the treatments were obtained from least signi�icant 
difference (LSD) test at 5% level of probability for the interpretation of results.

3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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Abstract
Nitrogen (N) is an essential nutrient element for crop production, nevertheless too 

much or too little N is harmful for soil, environment and crops. Over the last century the 
reactive N (Nr) in the environment has become doubled from industrial and agricultural 
activities. Such Nr may impact soil physical, chemical and biological characteristics 
especially at farm level due to improper fertilizer management. Therefore, an experiment 
was conducted at the farmer’s �ield of Tokenagar village of Kapasia upazila under Gazipur 
district to evaluate the effects of various N management practices including biochar 
application on bio-physicochemical properties of soils in the Boro-T. Aman rice pattern. 
The experiment consisted of �ive treatments: T1-, control (zero nitrogen), T2 - farmer’s 
practice (FP) of N as prilled urea (PU), T3- recommended dose of N (RDN) as PU, T4 - 
biochar (2 t ha-1) + RDN (BRDN), and T5 - deep placement of urea super granule (USG). Soil 
samples were collected after each crop harvest s and analyzed for different physical and 
chemical parameters. Results indicated that biochar + RDN (T4) treatment positively 
contributed to decreased soil bulk density and increased water-holding capacity. The same 
treatment increased soil pH by 4.9% and the USG treatment (T5) did increase by 2.8% 
compared to the initial level. Compared to the control, water stable soil aggregates 
markedly increased in biochar (148-157%) and USG (54-111%) treatments. Smaller size 
soil particles (0.25 mm) were found more stable than larger sized particles (0.50 mm) size 
particles. Improvement of soil fertility is also evidenced, however, increment of 18% 
carbon for the biochar treatment is notable in terms of carbon-negative economy. 
Furthermore, the highest microbial biomass C and N due to biochar treatment con�irms its 
effectiveness for sustained soil quality and environment. 

Keywords: Biochar, Soil properties, Farmer �ield, Biomass carbon, Reactive nitrogen

1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for half of the global population. 

As the world's population is projected to reach 9.7 billion by 2050, meeting the rising 
demand for food will be a signi�icant challenge (UN, 2015). The current population in 
Bangladesh is 173 million which is expected to reach 220 million in 2050 (UNFPA, 2024). It 
is crucial to produce food for the ever-burgeoning population from a limited land resource. 
Nitrogen (N) fertilization plays a vital role in ful�illing the growing food requirements of the 
rapidly expanding global population. It in�luences key physiological processes in plants, 
including photosynthesis, protein synthesis and grain yield (Ladha et al., 2020). In many 
cropping systems, especially in tropical and subtropical climates, soil N is de�icient which 
seriously limits crop yields (Rahman et al., 2022a). Due to de�iciency of N in agricultural land 
and cropping systems across the world, external supply of N as fertilizer is necessary to meet 
the increasing demand of food. However, the excessive use of synthetic N fertilizers 
adversely affects soil health and the environment. Despite the over application of chemical N 
fertilizers, a substantial portion is either lost or remains unavailable to plants, leading to 
issues such as groundwater contamination, increased greenhouse gas emissions, and soil 
fertility degradation (Islam et al., 2024). Therefore, effective N management practices are 
crucial for improving soil health and maintaining soil fertility for future generations.

Alternatively, biochar application is an effective method for enhancing soil physico- 
chemical properties, such as soil porosity, bulk density, moisture content, soil organic 
carbon, total nitrogen, and other micronutrients (Islam et al., 2024). Biochar, a carbon-rich 
material formed through the thermal decomposition of biomass and organic wastes, has 
demonstrated a signi�icant improvement in soil quality (Rahman et al., 2020). Its use 
bene�its soil properties due to its high cation exchange capacity, large surface area, and rich 
nutrient composition. By increasing nutrient availability, improving soil chemical properties, 
and boosting soil microbial biomass carbon (C) and N, biochar can promote plant growth 
(Rahman, 2014). The slow decomposition rate of biochar allows it to have a lasting effect on 
soil properties and helps restore soil fertility (Rahman et al., 2020). Research has shown that 
combining biochar with synthetic N fertilizers can enhance crop yields in acidic soils (Ullah 
et al., 2021). Additionally, biochar can enhance plant growth by improving soil quality, 
increasing soil aggregate stability, increasing water retention, enhancing nutrient 
availability, promoting bene�icial microbial activity, and reducing soil-borne diseases. 
Therefore, biochar is considered a valuable soil amendment for crop production (Glaser et 
al., 2015). While recent studies suggest that using urea super granules (USG) through deep 
placement signi�icantly improves N use ef�iciency (NUE) and rice yield but farm level 
adoption of this technology is low in Bangladesh (Rea et al., 2019; Alam et al. 2023). 
Therefore, the present study was conducted in farmer’s �ields in Bangladesh to investigate 
the impact of applying urea fertilizer along with biochar, or applying the N fertilizers by deep 

placement of USG on soil physico-chemical properties of rice �ield. The study aims to offer 
guidance on effective N management practices that improve soil health and preserve soil 
fertility for sustainable agriculture.

2. Materials and Methods 

2.1 Site description

The study was conducted at Tokenagar village under Kapasia upazila of Gazipur district 
in Bangladesh. This village is located 24002' and 24016' N and in between 90030' and 90042' 
E. The village is under the agro-ecological zone (AEZ) of Old Brahmaputra Floodplain (AEZ 
9). Rice is the main crop for the farmers in this village. Most of the farmers follow 
Boro-Fallow-T. Aman (Transplanted Aman) rice cropping system. The yield of rice in the 
study village is low because of dependency on only synthetic fertilizers without use of 
organic fertilizers, which has resulted in a decline in soil fertility. 

2.2 Treatments, experimental design and fertilization 

The study consisted of �ive treatments: T1: zero N (control), T2: normal farmer practice 
(FP), where prilled urea was used, T3: soil test-based recommended dose of prilled urea 
(RDN), T4: biochar 2 t ha-1 + RDN (BRDN), and T5: deep placement of urea supper granules 
(USG). The experiment was laid out in a randomized complete block design with four 
replications. The size of individual plot was 16 m2 (4 m × 4 m). A 0.5 m irrigation channel 
separated the blocks from each other, while each plot was separated by a 0.5 m wide levee to 
prevent horizontal seepage of water and fertilizer between the plots.   

Prilled urea (PU) was used in all the N treatments except the USG. Soil samples at 0-15 cm 
were collected before the experiment was started and analyzed to determine soil test-based 
N rates which were 163 kg and 82 kg N ha-1 in Boro and T. Aman rice seasons, respectively 
while in normal farmer-practice, the application rates of prilled urea were 103 kg and 62 kg 
N ha-1. For USG treatment, the rates were 104 kg and 69 kg N ha-1, respectively.  Rice husk 
biochar was used in the BRDN treatment at the rate of 3.2 kg plot-1 (air-dry basis) equivalent 
to a dose of 2 t ha-1. This was applied 7 days before �inal land preparation and transplanting. 
Biochar was produced using rice husk in a burner developed by the Department of Soil 
Science, BSMRAU.    

The study was conducted in the Boro-Fallow-T. Aman cropping system during 
2022–2023. Boro is the dry season rice was grown with full irrigation, while T. Aman was 
grown under rainfed condition with supplementary irrigation, if needed. In the PU 
treatments, N was applied in three equal splits at 15, 35, and 55 days after transplantation 
(DAT). Urea super granules were applied as a single application at 15 DAT. Based on soil test 

results P, K and S were applied at 18 kg, 77 kg and 13 kg ha-1, respectively for Boro rice as 
basal and mixed with soil on the day of transplanting in all the treatments including zero-N 
control.  

For T. Aman rice (15 August–15 November 2023) variety Binadhan-17 was used. The soil 
test-based rates for P, K, and S were 6 kg, 52 kg, and 8 kg ha-1, respectively. In the PU 
treatments, N was applied in three equal splits on 10, 25, and 40 DAT, while USG was applied 
at a single dose at 10 DAT. Triple super phosphate (TSP), muriate of potash (MoP), and 
gypsum served as sources for P, K, and S, respectively, in both the Boro and T. Aman seasons. 
Crop and plot management practices were uniform across all plots, encompassing consistent 
approaches to irrigation, weed control, and pest management. 

2.3 Soil sampling and analysis

Before setting up the experiment and after completion of two-season rice harvesting, 
random composite soil samples (3 per plot) from 0-15 cm depth were taken using an auger. 
The soil samples were left to dry naturally in a shaded area and then pulverized with a 
mortar and ground to attain a particle size capable of passing through a 2 mm sieve. 
Nitrogen concentration in soil was determined by Kjeldahl method (Douglas et al., 1980). 
Soil samples were analysed for pH by glass electrode pH meter using a soil and water ratio of 
1: 2.5 (Jackson, 1958), organic carbon by wet oxidation method (Walkley and Black 1934), 
available P by Olsen method (Olsen and Sommers, 1982), S by turbidimetric method 
(Chesnin and Yien, 1950) and K by ammonium acetate extraction method (Barker and Surh, 
1982). The fumigation extraction procedure was used to measure soil microbial biomass 
carbon (SMBC) and soil microbial biomass nitrogen (SMBN) in the soil as previously 
described by Brookes et al. (1985). Soil bulk density (Bd) and water holding capacity (WHC) 
were measured according to methods described by Page et al. (1982). For water stable soil 
aggregates (WSA), collected soil was air dried and divided into 0.50 mm and 0.25 mm 
aggregates and water stable soil aggregates were determined by wet sieving method 
(Castellanos-Navarrete, 2013).

2.4 Statistical analysis

Statistix version 10.0 statistical software was used for the statistical analysis of the data. 
ANOVA and univariate analyses were conducted to assess all parameters, and the separation 
of treatment means was accomplished through the least signi�icant difference (LSD) method. 
Various graphs were generated using Microsoft Excel (Of�ice 2007).  

3. Results and Discussion
Effects of different treatments on soil properties are presented in table and graphs, and 
discussed below.

3.1 Bulk density 

Effects of different treatments on bulk density (Bd) of post-harvest soil are summarized 
in Fig. 1(a). Signi�icant interactive effect was found from the combination of biochar and N 
fertilizer on soil bulk density. The biochar treatments recorded the lowest soil Bd value (1.32 
g cm-3) which was probably due to the less dense and highly porous nature of rice husk 
biochar. When applied as a soil conditioner, biochar supports proliferation of soil faunas 
under these treatments, which in turn helps in maintaining the soil structure with proper 
soil aeration and water movement contributing to lowering of soil Bd (Burrell et al., 2016). 
Celik et al. (2010) found alike information that compared to mineral fertilization, different 
organic amendment reduced the bulk density at 0-15 cm soil depth. 

Fig. 1 Effects of different treatments on (a) bulk density and (b) water holding capacity of post-harvest 
soil; Vertical bar on the column indicates standard error. (Different letters on the bar of respective 
parameter indicate signi�icant difference)

3.2 Water holding capacity 

Similar to bulk density, a signi�icant effect was observed from the combined application 
of biochar and N fertilizer on soil water-holding capacity (WHC) of post-harvest soil, as 
shown in Fig. 1(b). The treatment demonstrated the highest WHC of 41%, the reason can be 
attributed to the large surface area and macro- and micropores structure on the external and 
internal surface of rice husk biochar which possibly helped water storing in the pore 
network. Also, the less hydrophobicity and polarity of rice husk biochar due to its 
conditioning after pyrolysis possibly in�luenced soil aggregation (Busscher et al., 2010), 
which could have potentially contributed to the enhanced WHC. On the other hand, the 
N-treated plot exhibited an inconsistent change in water-holding capacity, might be due to N 
increased microbial activity and accelerated the decomposition rate. Findings from our 

study are corroborated by Burrell et al. (2016) who reported similar results with an increase 
in WHC upon wood residue biochar application.  

3.3    Water stable soil aggregates (WSA) 

Treatments exhibited signi�icant effects on soil aggregate stability (Fig. 2). The 
signi�icantly highest WSA were attributed in the biochar treatment for both 0.50 mm 
(318%) and 0.25 mm (348%) sized soil particles. It is evident that smaller sized soil 
particles are more stable than that of the larger particles. Roy et al. (2019) also found that 
smaller sized soil particles contributed to a higher degree of aggregate stability. Soil 
aggregate stability largely depends on different agronomic management practices which 
may affect and breakdown larger aggregates, while the smaller aggregates may exist in high 
percentage (Simansky, 2013).                                                                                                                     

In terms of WSA, the treatments followed the order BRDN>USG>RDN>FP>Control 
(Fig. 2). Biochar is ef�icient in increasing soil aggregate stability of its larger surface area, 
and being organic materials, it acts as glue in binding soil particles together and makes 
soil aggregates stronger. Thus, the improved soil structure might contribute to nutrient 
and water retention, and also it becomes stronger to resist disruptive force and control 
soil erosion. 

Fig. 2  Soil aggregate stability (SAS) as affected by different N management practices (Different letters 
on the bar of respective parameter indicate signi�icant difference)

3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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3.3 Nutrient content in grain and straw

Signi�icant differences were noticed in NPKS concentrations in rice grain among various 
treatments (Table 2). Notably, T5 produced the highest N content in grains, 1.18%, while the 
lowest value was found in T1 (0.73%). This difference was signi�icant compared to T4, T5, and 
T7, where the same quantity of fertilizers was applied. For P, the range in grain content varied 
from 0.18% in T1 to 0.24% in T5, which was signi�icant over T2 (where only chemical 
fertilizers were used). The grain K content varied from 0.17% in the control to 0.26% in T5, 
which was signi�icant over the other treatments. Additionally, T5 exhibited the highest S 
content in grain at 0.15%, while the lowest value was in T1 (0.06%).

Like grain nutrients, the straw concentrations of different nutrients (N, P, K & S) varied 
among the treatments. Notably, T5, where PM was combined with NPKS fertilizers, had the 
highest total N content of 0.69% and the control plots had the lowest total N content 
(0.57%). The straw P content ranged from 0.07% in T1 to 0.21% in T5, which was statistically 
notable versus T4, T6, and T7 (where the fertilizer amount was the same). The K content was 
1.12% in T1 and 1.36% in T7 which statistically similar to T5 (1.31%). The straw-S content 
varied from 0.04% in T1 to 0.1% in T5, showing a signi�icant difference across the treatments.

Table 2. Nutrient contents in of BRRI dhan84 as in�luenced by integrated use of manures 
and fertilizers 

Treatment N content (%) P content (%) K content (%) S content (%)
 Grain Straw Grain Straw Grain Straw Grain  Straw

T1 0.73d 0.57b 0.18c 0.07b 0.17c 1.12d 0.06b 0.04b

T2 1.08bc 0.61b 0.19c 0.09b 0.19abc 1.22bc 0.07b 0.06ab

T3 1.02c 0.59b 0.16c 0.08b 0.19bc 1.19cd 0.07b 0.05ab

T4 1.11ab 0.62ab 0.21b 0.19a 0.21abc 1.3a 0.09ab 0.09ab

T5 1.18a 0.69a 0.24a 0.21a 0.26a 1.31a 0.15a 0.10a

T6 1.14ab 0.63ab 0.19bc 0.12b 0.22abc 1.29ab 0.10ab 0.05ab

T7 1.16ab 0.62ab 0.17c 0.11b 0.25ab 1.36a 0.10ab 0.06ab

CV% 2.49 4.28 3.72 6.87 3.85 1.97 8.3 9.44

SE (±) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance.

3.4 NPKS uptake by rice plant 

Different treatments signi�icantly in�luenced N, P, K and S uptake by grain and straw. 
Notably, T5 exhibited the highest total N uptake of 106.79 kg ha-1, while T1 had the lowest 
value of 39.8 kg ha-1. For P, T5 led the way with 20.49 kg ha-1, statistically similar to T4, which 
showed a 35.6% increase over T2 (where only chemical fertilizers were applied). K uptake 
ranged from 38.01 kg ha-1 in T1 to 86.46 kg ha-1 in T5, representing a 27.65% increase over T2. 
Additionally, S uptake varied from 5.4 kg ha-1 in T1 to 11.9 kg ha-1 in T5, demonstrating a 
37.67% increase over T2 (Table 3). 

Table 3. Effect of manures and fertilizers on total N, P, K, and S uptake by BRRI dhan84 
(Mean±SE)

Treatments Nutrient uptake (kg ha-1)
 N P K S

T1 39.80g ± 0.06 9.01f ± 0.13 38.01g ± 0.08 5.4e ± 0.05

T2 82.50f ± 0.05 15.11e ± 0.11 67.73e ± 0.02 8.66d ± 0.03

T3 81.36e ± 0.08 14.93e ± 0.05 66.5f ± 0.03 8.49d ± 0.07

T4 91.82d ± 0.07 19.97b ± 0.03 77.98b ± 0.04 10.26b ± 0.07

T5 106.79a ± 0.08 20.49a ± 0.06 86.46a ± 0.04 11.9a ± 0.04

T6 92.71c ± 0.02 17.16c ± 0.03 76.23c ± 0.02 9.92c ± 0.05

T7 101.72b ± 0.02 16.67d ± 0.07 74.42d ± 0.04 10.22b ± 0.02

CV (%) 0.92 0.18 0.12 `0.93

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance. 

4. Discussion
The results of the experiment demonstrated that the yield and yield components of rice 

were signi�icantly in�luenced by the application of CD, PM, rice straw, household ash, with 
NPKS fertilizers. Yield attributes were always higher in T5 treatment, where poultry manure 
was applied in combination with fertilizers on an IPNS basis, compared to those observed in 
other treatments. These �indings are in align with previous studies (Islam et al., 2014; 
Anisuzzaman et al., 2022; Moe et al., 2019). The superior performance of PM is likely due to 
its higher nutrient level and its slow release (Babu et al., 2021; Prasai et al., 2018). 

The T5 treatment, which combined PM with chemical fertilizers, yielded the highest grain 

(77.5% over control) and straw output (58.3% over control), supporting �indings reported 
by Anisuzzaman et al. (2022). This may be due to PM enhances yield by improving nutrient 
uptake, reducing sterile spikelets, and increasing grain weight although not signi�icant due 
to its rich nutrient content (Schmidt & Knoblauch, 2020; Ismael et al., 2021). Its high uric 
acid content accelerates decomposition, further boosting nutrient availability and vegetative 
growth (Anisuzzaman et al., 2022; Islam et al., 2016). Application of manures and fertilizers 
signi�icantly in�luenced the nutrient concentration and absorption by plants. The highest N, 
P, K, and S uptake was observed in the T5 treatment, and the lowest value was found in T1 
(control), which corroborates �indings by Hoque et al. (2014); Schmidt & Knoblauch (2020); 
Moe et al. (2019). The same explanation applies to both yield and nutrient uptake 
(Anisuzzaman et al., 2022; Tarafder et al., 2020). 

5. Conclusions
Co-application of organic and inorganic fertilizers improved nutrient availability and 

uptake, leading to better growth and yield attributes of rice. Application of T5 (70% RFD + 
PM @ 3 t ha-1) resulted in the maximum rice yield during Boro season. Based on the study, 
applying poultry manure with chemical fertilizers on IPNS basis can be recommended for 
maximizing the yield of BRRI dhan84 during Boro season. However, further research in 
various regions of Bangladesh is needed to validate these �indings before widespread 
recommendation. 
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3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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3.3 Nutrient content in grain and straw

Signi�icant differences were noticed in NPKS concentrations in rice grain among various 
treatments (Table 2). Notably, T5 produced the highest N content in grains, 1.18%, while the 
lowest value was found in T1 (0.73%). This difference was signi�icant compared to T4, T5, and 
T7, where the same quantity of fertilizers was applied. For P, the range in grain content varied 
from 0.18% in T1 to 0.24% in T5, which was signi�icant over T2 (where only chemical 
fertilizers were used). The grain K content varied from 0.17% in the control to 0.26% in T5, 
which was signi�icant over the other treatments. Additionally, T5 exhibited the highest S 
content in grain at 0.15%, while the lowest value was in T1 (0.06%).

Like grain nutrients, the straw concentrations of different nutrients (N, P, K & S) varied 
among the treatments. Notably, T5, where PM was combined with NPKS fertilizers, had the 
highest total N content of 0.69% and the control plots had the lowest total N content 
(0.57%). The straw P content ranged from 0.07% in T1 to 0.21% in T5, which was statistically 
notable versus T4, T6, and T7 (where the fertilizer amount was the same). The K content was 
1.12% in T1 and 1.36% in T7 which statistically similar to T5 (1.31%). The straw-S content 
varied from 0.04% in T1 to 0.1% in T5, showing a signi�icant difference across the treatments.

Table 2. Nutrient contents in of BRRI dhan84 as in�luenced by integrated use of manures 
and fertilizers 

Treatment N content (%) P content (%) K content (%) S content (%)
 Grain Straw Grain Straw Grain Straw Grain  Straw

T1 0.73d 0.57b 0.18c 0.07b 0.17c 1.12d 0.06b 0.04b

T2 1.08bc 0.61b 0.19c 0.09b 0.19abc 1.22bc 0.07b 0.06ab

T3 1.02c 0.59b 0.16c 0.08b 0.19bc 1.19cd 0.07b 0.05ab

T4 1.11ab 0.62ab 0.21b 0.19a 0.21abc 1.3a 0.09ab 0.09ab

T5 1.18a 0.69a 0.24a 0.21a 0.26a 1.31a 0.15a 0.10a

T6 1.14ab 0.63ab 0.19bc 0.12b 0.22abc 1.29ab 0.10ab 0.05ab

T7 1.16ab 0.62ab 0.17c 0.11b 0.25ab 1.36a 0.10ab 0.06ab

CV% 2.49 4.28 3.72 6.87 3.85 1.97 8.3 9.44

SE (±) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance.

3.4 NPKS uptake by rice plant 

Different treatments signi�icantly in�luenced N, P, K and S uptake by grain and straw. 
Notably, T5 exhibited the highest total N uptake of 106.79 kg ha-1, while T1 had the lowest 
value of 39.8 kg ha-1. For P, T5 led the way with 20.49 kg ha-1, statistically similar to T4, which 
showed a 35.6% increase over T2 (where only chemical fertilizers were applied). K uptake 
ranged from 38.01 kg ha-1 in T1 to 86.46 kg ha-1 in T5, representing a 27.65% increase over T2. 
Additionally, S uptake varied from 5.4 kg ha-1 in T1 to 11.9 kg ha-1 in T5, demonstrating a 
37.67% increase over T2 (Table 3). 

Table 3. Effect of manures and fertilizers on total N, P, K, and S uptake by BRRI dhan84 
(Mean±SE)

Treatments Nutrient uptake (kg ha-1)
 N P K S

T1 39.80g ± 0.06 9.01f ± 0.13 38.01g ± 0.08 5.4e ± 0.05

T2 82.50f ± 0.05 15.11e ± 0.11 67.73e ± 0.02 8.66d ± 0.03

T3 81.36e ± 0.08 14.93e ± 0.05 66.5f ± 0.03 8.49d ± 0.07

T4 91.82d ± 0.07 19.97b ± 0.03 77.98b ± 0.04 10.26b ± 0.07

T5 106.79a ± 0.08 20.49a ± 0.06 86.46a ± 0.04 11.9a ± 0.04

T6 92.71c ± 0.02 17.16c ± 0.03 76.23c ± 0.02 9.92c ± 0.05

T7 101.72b ± 0.02 16.67d ± 0.07 74.42d ± 0.04 10.22b ± 0.02

CV (%) 0.92 0.18 0.12 `0.93

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance. 

4. Discussion
The results of the experiment demonstrated that the yield and yield components of rice 

were signi�icantly in�luenced by the application of CD, PM, rice straw, household ash, with 
NPKS fertilizers. Yield attributes were always higher in T5 treatment, where poultry manure 
was applied in combination with fertilizers on an IPNS basis, compared to those observed in 
other treatments. These �indings are in align with previous studies (Islam et al., 2014; 
Anisuzzaman et al., 2022; Moe et al., 2019). The superior performance of PM is likely due to 
its higher nutrient level and its slow release (Babu et al., 2021; Prasai et al., 2018). 

The T5 treatment, which combined PM with chemical fertilizers, yielded the highest grain 

(77.5% over control) and straw output (58.3% over control), supporting �indings reported 
by Anisuzzaman et al. (2022). This may be due to PM enhances yield by improving nutrient 
uptake, reducing sterile spikelets, and increasing grain weight although not signi�icant due 
to its rich nutrient content (Schmidt & Knoblauch, 2020; Ismael et al., 2021). Its high uric 
acid content accelerates decomposition, further boosting nutrient availability and vegetative 
growth (Anisuzzaman et al., 2022; Islam et al., 2016). Application of manures and fertilizers 
signi�icantly in�luenced the nutrient concentration and absorption by plants. The highest N, 
P, K, and S uptake was observed in the T5 treatment, and the lowest value was found in T1 
(control), which corroborates �indings by Hoque et al. (2014); Schmidt & Knoblauch (2020); 
Moe et al. (2019). The same explanation applies to both yield and nutrient uptake 
(Anisuzzaman et al., 2022; Tarafder et al., 2020). 

5. Conclusions
Co-application of organic and inorganic fertilizers improved nutrient availability and 

uptake, leading to better growth and yield attributes of rice. Application of T5 (70% RFD + 
PM @ 3 t ha-1) resulted in the maximum rice yield during Boro season. Based on the study, 
applying poultry manure with chemical fertilizers on IPNS basis can be recommended for 
maximizing the yield of BRRI dhan84 during Boro season. However, further research in 
various regions of Bangladesh is needed to validate these �indings before widespread 
recommendation. 
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3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.

Con�licts of Interest
The authors declare no con�licts of interest regarding publication of this paper.
 
References
Ali, I., He, L., Ullah, S., Quan, Z., Wei, S. et al. 2020a. Biochar addition coupled with nitrogen 

fertilization impacts on soil quality, crop productivity, and nitrogen uptake under 
double-cropping system. Food Energy Secur. 9:208.

Ali, I., Ullah, S., He, L., Zhao, Q. and Iqbal, A., et al. 2020b. Combined application of biochar and 
nitrogen fertilizer improves rice yield, microbial activity and N-metabolism in a pot 
experiment. PeerJ. 8:10311.

Ali, I., Zhao, Q., Wu, K., Ullah, S., Iqbal, A., et al. 2021. Biochar in combination with nitrogen 
fertilizer is a technique: to enhance physiological and morphological traits of rice 
(Oryza sativa L.) by improving soil physio-biochemical properties. J. Pt. Grt. Reg. 
41:2406–2420.

Angst, T.E. and Sohi, S.P. 2013. Establishing release dynamics for plant nutrients from 
biochar. Gcb Bioer. 5, 221-226.

Bouqbis, L., Daoud, S., Koyro, H.W., Kammann, C.I. and Ainlhout, L.F.Z. 2016. Biochar from 
argan shells: production and characterization. Int. J. Recycl. Org. Waste Agric. 
5:361-365. 

Brady, N.C., Weil, R.R. and Weil, R.R. 2008. The nature and properties of soils. Upper Saddle 
River, NJ: Prentice Hall. 13, 662-710. 

FAO and UNDP. 1988. Land Resources Appraisal of Bangladesh for Agricultural 
Development. Report No. 2. Agro-Ecological Regions of Bangladesh. United Nations 
Development Programme and Food and Agricultural Organization., Rome., Italy, 
212-221.

Fiorentino, N., Sánchez-Monedero, M.A., Lehmann, J., Enders, A. and Fagnano, M., et al.  2019. 
Interactive priming of soil N transformations from combining biochar and urea 
inputs: A 15N isotope tracer study. Soil Bio. Biochem. 131:166-175.

FRG. 2018. Fertilizer Recommendation Guide. Soils. Pub. No. 41. Bangladesh Agricultural 
Research Council, Farmgate, Dhaka-1215.

Guarda, G., Padovan, S., Delogu, G. 2004. Grain yield, nitrogen-use ef�iciency and baking 
quality of old and modern Italian bread-wheat cultivars grown at different nitrogen 
levels. Eur. J. Agron. 21:181-192.

Hossain, M.F., Elahi, S.F., White, S.K., Alam, Q.K. and Rother, J.A., et al. 2012. Nitrogen budgets 
for boro rice (Oryza sativa L.) �ields in Bangladesh. Field Crops Res. 131:97-109.

Huang, M., Fan, L., Chen, J., Jiang, L. and Zou, Y. 2018. Continuous applications of biochar to 
rice: Effects on nitrogen uptake and utilization. Sci. Rep. 8:11461.

Jackson, M.L. 1958. Soil chemical analysis prentice Hall. Inc., Englewood Cliffs, NJ, 498, 
183-204.

Karimi, S., Soltani, S. and Jasemi, K. 2023. Positive and Negative Impact of Nitrogen Fertilizer 
on Soil Properties and Nutrient Dynamic. Asian J. Res. Agr. Forest. 9:233-240. 

Lehmann, J. and Joseph, S. 2015. Biochar for environmental management: an introduction. In 
Biochar for environmental management. Routledge.1, 1-13. 

Li, J., Feng, Y., Wang, X., Peng, J. and Yang, D. et al. 2020. Stability and applicability of the leaf 
value model for variable nitrogen application based on SPAD value in rice. Plos One 
J. 15, 0233735.

Ning, C., Liu, R., Kuang, X., Chen, H. and Tian, J. et al. 2022. Nitrogen fertilizer reduction 
combined with biochar application maintain the yield and nitrogen supply of rice 
but improve the nitrogen use ef�iciency. Agron. 12:3039.

Oladele, S., Adeyemo, A., Awodun, M., Ajayi, A. and Fasina, A. 2019. Effects of biochar and 
nitrogen fertilizer on soil physicochemical properties, nitrogen use ef�iciency and 
upland rice (Oryza sativa) yield grown on an Al�isol in Southwestern Nigeria. Int. J. 
Recyl. Org. Waste. Agricul. 8:295-308.

Page, A.L., Miller, R.H. and Keeney, D.R., 1982. Methods of Soil Analysis. 2nd Edn, Amer. Soc. 
Agron., Madison, WI., USA.

Rahman, M.M., Biswas, J.C., Sutton, M.A., Drewer, J. and Adhya, T.K. 2021. Assessment of 
reactive nitrogen �lows in Bangladesh’s agriculture sector. Sustain. 14:272.

Randolph, P., Bansode, R.R., Hassan, O.A., Rehrah, D.J. and Ravella, R. 2017. Effect of biochars 
produced from solid organic municipal waste on soil quality parameters. J. Environ. 
Manage. 192:271-280.

Sarma, B., Gogoi, N., Bharali, M. and Mali, P. 2018. Field evaluation of soil and wheat 
responses to combined application of hardwood biochar and inorganic fertilizers 
in acidic sandy loam soil. Exp. Agri. 54:507-519.

Zhang, A.P., Liu, R.L., Gao,J., Zhang, Q.W. and Chen, Z. et al. 2015. Effects of biochar on rice 
yield and nitrogen use ef�iciency in the Ningxia Yellow River irrigation region. J. 
Plant. Nutri. Ferti. 21:1352-1360.

3.3 Nutrient content in grain and straw

Signi�icant differences were noticed in NPKS concentrations in rice grain among various 
treatments (Table 2). Notably, T5 produced the highest N content in grains, 1.18%, while the 
lowest value was found in T1 (0.73%). This difference was signi�icant compared to T4, T5, and 
T7, where the same quantity of fertilizers was applied. For P, the range in grain content varied 
from 0.18% in T1 to 0.24% in T5, which was signi�icant over T2 (where only chemical 
fertilizers were used). The grain K content varied from 0.17% in the control to 0.26% in T5, 
which was signi�icant over the other treatments. Additionally, T5 exhibited the highest S 
content in grain at 0.15%, while the lowest value was in T1 (0.06%).

Like grain nutrients, the straw concentrations of different nutrients (N, P, K & S) varied 
among the treatments. Notably, T5, where PM was combined with NPKS fertilizers, had the 
highest total N content of 0.69% and the control plots had the lowest total N content 
(0.57%). The straw P content ranged from 0.07% in T1 to 0.21% in T5, which was statistically 
notable versus T4, T6, and T7 (where the fertilizer amount was the same). The K content was 
1.12% in T1 and 1.36% in T7 which statistically similar to T5 (1.31%). The straw-S content 
varied from 0.04% in T1 to 0.1% in T5, showing a signi�icant difference across the treatments.

Table 2. Nutrient contents in of BRRI dhan84 as in�luenced by integrated use of manures 
and fertilizers 

Treatment N content (%) P content (%) K content (%) S content (%)
 Grain Straw Grain Straw Grain Straw Grain  Straw

T1 0.73d 0.57b 0.18c 0.07b 0.17c 1.12d 0.06b 0.04b

T2 1.08bc 0.61b 0.19c 0.09b 0.19abc 1.22bc 0.07b 0.06ab

T3 1.02c 0.59b 0.16c 0.08b 0.19bc 1.19cd 0.07b 0.05ab

T4 1.11ab 0.62ab 0.21b 0.19a 0.21abc 1.3a 0.09ab 0.09ab

T5 1.18a 0.69a 0.24a 0.21a 0.26a 1.31a 0.15a 0.10a

T6 1.14ab 0.63ab 0.19bc 0.12b 0.22abc 1.29ab 0.10ab 0.05ab

T7 1.16ab 0.62ab 0.17c 0.11b 0.25ab 1.36a 0.10ab 0.06ab

CV% 2.49 4.28 3.72 6.87 3.85 1.97 8.3 9.44

SE (±) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance.

3.4 NPKS uptake by rice plant 

Different treatments signi�icantly in�luenced N, P, K and S uptake by grain and straw. 
Notably, T5 exhibited the highest total N uptake of 106.79 kg ha-1, while T1 had the lowest 
value of 39.8 kg ha-1. For P, T5 led the way with 20.49 kg ha-1, statistically similar to T4, which 
showed a 35.6% increase over T2 (where only chemical fertilizers were applied). K uptake 
ranged from 38.01 kg ha-1 in T1 to 86.46 kg ha-1 in T5, representing a 27.65% increase over T2. 
Additionally, S uptake varied from 5.4 kg ha-1 in T1 to 11.9 kg ha-1 in T5, demonstrating a 
37.67% increase over T2 (Table 3). 

Table 3. Effect of manures and fertilizers on total N, P, K, and S uptake by BRRI dhan84 
(Mean±SE)

Treatments Nutrient uptake (kg ha-1)
 N P K S

T1 39.80g ± 0.06 9.01f ± 0.13 38.01g ± 0.08 5.4e ± 0.05

T2 82.50f ± 0.05 15.11e ± 0.11 67.73e ± 0.02 8.66d ± 0.03

T3 81.36e ± 0.08 14.93e ± 0.05 66.5f ± 0.03 8.49d ± 0.07

T4 91.82d ± 0.07 19.97b ± 0.03 77.98b ± 0.04 10.26b ± 0.07

T5 106.79a ± 0.08 20.49a ± 0.06 86.46a ± 0.04 11.9a ± 0.04

T6 92.71c ± 0.02 17.16c ± 0.03 76.23c ± 0.02 9.92c ± 0.05

T7 101.72b ± 0.02 16.67d ± 0.07 74.42d ± 0.04 10.22b ± 0.02

CV (%) 0.92 0.18 0.12 `0.93

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance. 

4. Discussion
The results of the experiment demonstrated that the yield and yield components of rice 

were signi�icantly in�luenced by the application of CD, PM, rice straw, household ash, with 
NPKS fertilizers. Yield attributes were always higher in T5 treatment, where poultry manure 
was applied in combination with fertilizers on an IPNS basis, compared to those observed in 
other treatments. These �indings are in align with previous studies (Islam et al., 2014; 
Anisuzzaman et al., 2022; Moe et al., 2019). The superior performance of PM is likely due to 
its higher nutrient level and its slow release (Babu et al., 2021; Prasai et al., 2018). 

The T5 treatment, which combined PM with chemical fertilizers, yielded the highest grain 

(77.5% over control) and straw output (58.3% over control), supporting �indings reported 
by Anisuzzaman et al. (2022). This may be due to PM enhances yield by improving nutrient 
uptake, reducing sterile spikelets, and increasing grain weight although not signi�icant due 
to its rich nutrient content (Schmidt & Knoblauch, 2020; Ismael et al., 2021). Its high uric 
acid content accelerates decomposition, further boosting nutrient availability and vegetative 
growth (Anisuzzaman et al., 2022; Islam et al., 2016). Application of manures and fertilizers 
signi�icantly in�luenced the nutrient concentration and absorption by plants. The highest N, 
P, K, and S uptake was observed in the T5 treatment, and the lowest value was found in T1 
(control), which corroborates �indings by Hoque et al. (2014); Schmidt & Knoblauch (2020); 
Moe et al. (2019). The same explanation applies to both yield and nutrient uptake 
(Anisuzzaman et al., 2022; Tarafder et al., 2020). 

5. Conclusions
Co-application of organic and inorganic fertilizers improved nutrient availability and 

uptake, leading to better growth and yield attributes of rice. Application of T5 (70% RFD + 
PM @ 3 t ha-1) resulted in the maximum rice yield during Boro season. Based on the study, 
applying poultry manure with chemical fertilizers on IPNS basis can be recommended for 
maximizing the yield of BRRI dhan84 during Boro season. However, further research in 
various regions of Bangladesh is needed to validate these �indings before widespread 
recommendation. 
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3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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3.3 Nutrient content in grain and straw

Signi�icant differences were noticed in NPKS concentrations in rice grain among various 
treatments (Table 2). Notably, T5 produced the highest N content in grains, 1.18%, while the 
lowest value was found in T1 (0.73%). This difference was signi�icant compared to T4, T5, and 
T7, where the same quantity of fertilizers was applied. For P, the range in grain content varied 
from 0.18% in T1 to 0.24% in T5, which was signi�icant over T2 (where only chemical 
fertilizers were used). The grain K content varied from 0.17% in the control to 0.26% in T5, 
which was signi�icant over the other treatments. Additionally, T5 exhibited the highest S 
content in grain at 0.15%, while the lowest value was in T1 (0.06%).

Like grain nutrients, the straw concentrations of different nutrients (N, P, K & S) varied 
among the treatments. Notably, T5, where PM was combined with NPKS fertilizers, had the 
highest total N content of 0.69% and the control plots had the lowest total N content 
(0.57%). The straw P content ranged from 0.07% in T1 to 0.21% in T5, which was statistically 
notable versus T4, T6, and T7 (where the fertilizer amount was the same). The K content was 
1.12% in T1 and 1.36% in T7 which statistically similar to T5 (1.31%). The straw-S content 
varied from 0.04% in T1 to 0.1% in T5, showing a signi�icant difference across the treatments.

Table 2. Nutrient contents in of BRRI dhan84 as in�luenced by integrated use of manures 
and fertilizers 

Treatment N content (%) P content (%) K content (%) S content (%)
 Grain Straw Grain Straw Grain Straw Grain  Straw

T1 0.73d 0.57b 0.18c 0.07b 0.17c 1.12d 0.06b 0.04b

T2 1.08bc 0.61b 0.19c 0.09b 0.19abc 1.22bc 0.07b 0.06ab

T3 1.02c 0.59b 0.16c 0.08b 0.19bc 1.19cd 0.07b 0.05ab

T4 1.11ab 0.62ab 0.21b 0.19a 0.21abc 1.3a 0.09ab 0.09ab

T5 1.18a 0.69a 0.24a 0.21a 0.26a 1.31a 0.15a 0.10a

T6 1.14ab 0.63ab 0.19bc 0.12b 0.22abc 1.29ab 0.10ab 0.05ab

T7 1.16ab 0.62ab 0.17c 0.11b 0.25ab 1.36a 0.10ab 0.06ab

CV% 2.49 4.28 3.72 6.87 3.85 1.97 8.3 9.44

SE (±) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance.

3.4 NPKS uptake by rice plant 

Different treatments signi�icantly in�luenced N, P, K and S uptake by grain and straw. 
Notably, T5 exhibited the highest total N uptake of 106.79 kg ha-1, while T1 had the lowest 
value of 39.8 kg ha-1. For P, T5 led the way with 20.49 kg ha-1, statistically similar to T4, which 
showed a 35.6% increase over T2 (where only chemical fertilizers were applied). K uptake 
ranged from 38.01 kg ha-1 in T1 to 86.46 kg ha-1 in T5, representing a 27.65% increase over T2. 
Additionally, S uptake varied from 5.4 kg ha-1 in T1 to 11.9 kg ha-1 in T5, demonstrating a 
37.67% increase over T2 (Table 3). 

Table 3. Effect of manures and fertilizers on total N, P, K, and S uptake by BRRI dhan84 
(Mean±SE)

Treatments Nutrient uptake (kg ha-1)
 N P K S

T1 39.80g ± 0.06 9.01f ± 0.13 38.01g ± 0.08 5.4e ± 0.05

T2 82.50f ± 0.05 15.11e ± 0.11 67.73e ± 0.02 8.66d ± 0.03

T3 81.36e ± 0.08 14.93e ± 0.05 66.5f ± 0.03 8.49d ± 0.07

T4 91.82d ± 0.07 19.97b ± 0.03 77.98b ± 0.04 10.26b ± 0.07

T5 106.79a ± 0.08 20.49a ± 0.06 86.46a ± 0.04 11.9a ± 0.04

T6 92.71c ± 0.02 17.16c ± 0.03 76.23c ± 0.02 9.92c ± 0.05

T7 101.72b ± 0.02 16.67d ± 0.07 74.42d ± 0.04 10.22b ± 0.02

CV (%) 0.92 0.18 0.12 `0.93

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance. 

4. Discussion
The results of the experiment demonstrated that the yield and yield components of rice 

were signi�icantly in�luenced by the application of CD, PM, rice straw, household ash, with 
NPKS fertilizers. Yield attributes were always higher in T5 treatment, where poultry manure 
was applied in combination with fertilizers on an IPNS basis, compared to those observed in 
other treatments. These �indings are in align with previous studies (Islam et al., 2014; 
Anisuzzaman et al., 2022; Moe et al., 2019). The superior performance of PM is likely due to 
its higher nutrient level and its slow release (Babu et al., 2021; Prasai et al., 2018). 

The T5 treatment, which combined PM with chemical fertilizers, yielded the highest grain 

(77.5% over control) and straw output (58.3% over control), supporting �indings reported 
by Anisuzzaman et al. (2022). This may be due to PM enhances yield by improving nutrient 
uptake, reducing sterile spikelets, and increasing grain weight although not signi�icant due 
to its rich nutrient content (Schmidt & Knoblauch, 2020; Ismael et al., 2021). Its high uric 
acid content accelerates decomposition, further boosting nutrient availability and vegetative 
growth (Anisuzzaman et al., 2022; Islam et al., 2016). Application of manures and fertilizers 
signi�icantly in�luenced the nutrient concentration and absorption by plants. The highest N, 
P, K, and S uptake was observed in the T5 treatment, and the lowest value was found in T1 
(control), which corroborates �indings by Hoque et al. (2014); Schmidt & Knoblauch (2020); 
Moe et al. (2019). The same explanation applies to both yield and nutrient uptake 
(Anisuzzaman et al., 2022; Tarafder et al., 2020). 

5. Conclusions
Co-application of organic and inorganic fertilizers improved nutrient availability and 

uptake, leading to better growth and yield attributes of rice. Application of T5 (70% RFD + 
PM @ 3 t ha-1) resulted in the maximum rice yield during Boro season. Based on the study, 
applying poultry manure with chemical fertilizers on IPNS basis can be recommended for 
maximizing the yield of BRRI dhan84 during Boro season. However, further research in 
various regions of Bangladesh is needed to validate these �indings before widespread 
recommendation. 
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3. Results and Discussion 

3.1 Effects of biochar and nitrogen on the growth and yield of rice 

The effect on the growth and yield of BRRI dhan89 rice is presented in Table 2. There was 
a signi�icant difference in plant height, tillers per hill and SPAD value under different 
treatment combinations. At maximum tillering stage the highest SPAD value (37.8) was 
recorded in T2 treatment which was statistically similar with the T1 treatment (37.6) and T3 
treatment (37.1). Whereas, the lowest plant height (85.5 cm), number of tillers per hill 
(8.25) and SPAD value (30.6) were observed in T0 (control) treatment. Current �indings are 
in line with the �indings of Ning et al. (2022), Ali et al. (2021) and Zhang et al. (2015) who 
reported that biochar application in combination of N fertilizer had signi�icant positive 
in�luence on plant height and tillers per hill of rice as compared to the control. Higher SPAD 
value in N and biochar treatments could be attributed to the higher amount of N uptake by 
plants, more greenness (chlorophyll) of leaf, higher photosynthesis and N nutrition status 
(Li et al. 2020; Ali et al., 2020a). 

Table 2. Growth, yield components and yield of rice as in�luenced by biochar and nitrogen 
fertilizer

Treatments Plant  Tillers per SPAD Tillers 1000-grain Straw yield Grain yield
 height (cm) hill (no.) value per hill weight (g) (t ha-1) (t ha-1)

T0 85.5 8.3 30.6 7.3 21.2 3.28 3.11

T1 100.8 13.0 37.6 11.8 24.9 5.92 5.67

T2 102.3 13.8 37.8 12.8 25.2 5.93 5.70

T3 100.8 13.0 37.1 11.8 24.9 5.92 5.59

T4 96.3 10.8 34.6 9.8 23.4 5.10 4.70

LSD (0.05) 2.1 0.9 2.2 1.4 0.4 0.14 0.20

CV (%) 1.40 5.21 3.95 8.22 1.00 1.74 2.61

Results presented in Table 2 shows that the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice were signi�icantly in�luenced by different treatment 
combinations of urea-N and biochar.  The higher number of tillers per hill (12.8), 1000- grain 
weight (25.2 g), straw yield (5.93 t ha-1) and grain yield (5.70 t ha-1) were observed in T2 
treatment which was statistically similar with the T1 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t 
ha-1 and 5.67 t ha-1 respectively) and T3 treatment (26.0 cm, 11.8, 24.9 g, 5.92 t ha-1 and 5.59 
t ha-1, respectively). On the other hand, the lowest number of tillers per hill (7.3), 1000- grain 
weight (21.2 g), straw yield (3.28 t ha-1) and grain yield (3.11 t ha-1) were observed in T0 

(control) treatment. Furthermore, the highest straw yield increase (80.8%) and grain yield 
increase (83.2%) over the control was found in T2 treatment and the lowest increase (55.5% 
and 51.1%, respectively) was noted in T4 treatment (Table 2). Results of the present study 
demonstrate a signi�icant role of biochar in combination with urea-N fertilizer which could 
reduce 25% N fertilizer without hampering the number of tillers per hill, 1000- grain weight, 
straw yield and grain yield of rice. The higher grain yield in T2 treatment might be ascribed 
by the greater in�luence of plant growth and yield contributing characters.  

Present �indings are in line with the �indings of previous studies where signi�icant 
positive in�luence on tillers, 1000- grain weight, straw yield and grain yield (Ali et al., 2020b; 
Ali et al. 2020b; Ning et al. 2022) was reported where biochar was applied in combination 
with N fertilizer as compared to the control treatment. 

3.2 Effects of biochar and N fertilizer on N use ef�iciency (NUE) of rice

A signi�icant difference was observed in N concentration of rice straw and rice grain 
under different treatment combinations (Table 3).  The highest N content in straw (0.590%) 
and grain (1.20%) was found in T2 treatment which was statistically similar with the T1 
treatment (0.578% and 1.195% respectively) and T3 treatment (0.572% and 1.193% 
respectively). The lowest N content in straw (0.388%) and grain (01.008%) was observed in 
T0 treatment. This �inding indicates that biochar application along with N fertilizer could 
reduce 25% N fertilizer without hampering the N content of rice straw and grain (Table 4). 
Current �indings are in line with Ning et al. (2022) who reported that N fertilizer along with 
biochar increased N uptake by rice plants compared to control treatment.

In the light of agronomic ef�iciency of rice, the signi�icantly highest agronomic ef�iciency 
was observed in T3 treatment (Table 4). In case of T3 treatment, the application of biochar 
along with N fertilizer increased 5.83% agronomic ef�iciency compared to sole application of 
100% recommended dose of N fertilizer (T1) and increased 25.65% agronomic ef�iciency 
compared to control. Similarly, the signi�icantly highest apparent N recovery was observed 
in the treatment T3 where biochar application along with N fertilizer increased 13.56% N 
recovery compared to sole application of 100% recommended dose of N fertilizer (T1) and 
increased 58.45% apparent N recovery compared to control. 

Table 3. Nitrogen concentration and N use ef�iciency of rice 

Treatments N conc. in  N conc. in  Agronomic  Apparent N
 straw (%) grain (%) ef�iciency  recovery (%)
   (kg kg-1)  

T0 0.388c 1.01c - -

T1 0.578a 1.20a 19.8b 44.9b

T2 0.590a 1.20a 20.1b 46.0b

T3 0.572a 1.19a 25.7a 58.5a

T4 0.440b 1.10b 24.5a 46.5b

LSD (0.05) 0.05 0.09 2.4 3.9

CV (%) 5.62 6.24 6.63 4.98

T0: Control, T1: 100% RDN, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN + 2 t ha-1 Biochar, 
T4: 50% RDN + 2 t ha-1 Biochar. Values in a column having similar letter (s) do not differ 
signi�icantly as per LSD at 5% level of signi�icance. The data for plant height and number of 
tillers per hill was recorded at 60 DAT and SPAD value at maximum tillering stage.

Results from current study revealed highest growth and yield in T2 treatment but highest 
N use ef�iciency noted in T3 treatment due to biochar could play a better role in stabilizing 
grain yield and N uptake of rice plant in case of N shortage. In current study, increase in 
agronomic ef�iciency and apparent N recovery through the co-application of biochar and N 
fertilizer supports the importance of using a stable nutrient-retaining substance such as 
biochar for nutrient retention and bioavailability. Application of biochar mostly improved N 
fertilizer use ef�iciency through positive and additive effects. Present �indings line with the 
�indings of Sarma et al. (2018), Oladele et al. (2019) and Ning et al. (2022) where they 
reported that the signi�icant positive in�luence of biochar application in combination with N 
fertilizer on agronomic ef�iciency and apparent N recovery of rice plants compared to 
control plants and sole application of N fertilizer.

3.3 Physico-chemical properties of post-harvest soils 
Results presented in Table 4 shows that all physico-chemical properties of post-harvest 

soil except bulk density was signi�icantly (p<0.05) changed under different treatment 
combinations. Overall, the higher bulk density was observed where biochar was not applied 
such as in T0 treatment (1.52 g cm-3) which was comparatively lower than the T2 (1.45 g 
cm-3), T3 (1.45 g cm-3) and T4 (1.44 g cm-3) treatments where 2 t ha-1 biochar was applied 
along with N fertilizer which probably due to the less dense and highly porous nature of rice 
husk biochar which could minimize soil compaction and increase volume of soil and 

ultimately decrease bulk density of soil. Findings from current study are corroborated by 
Randolph et al. (2017), who reported similar results with reduced bulk density upon 
combined application of biochar and N fertilizer. Signi�icantly (p<0.05) the highest pH 
(6.01), OC (0.92 %) and CEC (13.2 me%) were recorded in T4 treatment where 2 t ha-1 
biochar was applied along with N fertilizers and the lowest results showing 5.89, 0.87 % and 
12.0 me%, respectively. According to Sarma et al. (2018), the presence of ash and cations in 
biochar helped to increase the pH. Ali et al. (2021) and Oladele et al. (2019) reported that 
biochar application along with nitrogen fertilizer increased soil OC and CEC due to its high 
carbon content and surface area respectively. Signi�icantly (p<0.05) the highest N (0.13 %) 
in T2 treatment and P (12.0 ppm), K (0.33 me%) and S (13.9 ppm) in T4 treatment were 
recorded and the lowest results showing 0.08 %, 6.9 ppm, 0.23 me% and 10.3 ppm, 
respectively in T0 treatment. The �indings of Oladele et al. (2019) and Randolph et al. (2017) 
are in align with our study.

Table 4. Effects of biochar and N fertilization on post-harvest soil properties

Treatments Bulk  pH OC  CEC Total Available Exchangeable Available 
 density   (%) (me%) N P  K  S
 (g cm-3)       (%)   (ppm)  (me%) (ppm)

T0 1.52 5.90 0.87 12.0 0.08 6.9 0.23 10.3

T1 1.46 5.89 0.89      13.0 0.12 10.6 0.31 12.7

T2 1.45 5.99 0.91        13.2 0.13 11.6 0.31 13.4

T3 1.45 6.00 0.91       13.2 0.12 11.9 0.32 13.4

T4 1.44 6.01 0.92       13.2 0.10 12.0 0.33 13.9

LSD (0.05) 0.12 0.02    0.01 0.3 0.01 0.7 0.02 0.7

CV (%) 5.38 0.20 0.73 1.44 7.96 4.35 3.76 3.43

T0: Control, T1: 100% RDN + without Biochar, T2: 100% RDN + 2 t ha-1 Biochar, T3: 75% RDN 
+ 2 t ha-1 Biochar, T4: 50% RDN + 2 t ha-1 Biochar. Values having similar letter (s) do not differ 
signi�icantly whereas values with dissimilar letter (s) differ signi�icantly as per LSD at 5% 
level of signi�icant.

4. Conclusions
Biochar and nitrogen (N) fertilization had signi�icant positive in�luence on rice growth 

and yield compared to control. About 25% urea-N saving is possible if biochar is used. 
Biochar and N fertilization had signi�icant positive effect on agronomic ef�iciency and 
apparent N recovery of rice. The 5.83% t agronomic ef�iciency and 13.6% N recovery is 

possible with the application of 75% RDN + 2 t ha-1 biochar   compared to sole application of 
recommended dose of N fertilizer. Application of biochar plus RDN improved soil quality 
including organic carbon content and nutrient availability in comparison with the results of   
sole application of chemical fertilizers.
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3.3 Nutrient content in grain and straw

Signi�icant differences were noticed in NPKS concentrations in rice grain among various 
treatments (Table 2). Notably, T5 produced the highest N content in grains, 1.18%, while the 
lowest value was found in T1 (0.73%). This difference was signi�icant compared to T4, T5, and 
T7, where the same quantity of fertilizers was applied. For P, the range in grain content varied 
from 0.18% in T1 to 0.24% in T5, which was signi�icant over T2 (where only chemical 
fertilizers were used). The grain K content varied from 0.17% in the control to 0.26% in T5, 
which was signi�icant over the other treatments. Additionally, T5 exhibited the highest S 
content in grain at 0.15%, while the lowest value was in T1 (0.06%).

Like grain nutrients, the straw concentrations of different nutrients (N, P, K & S) varied 
among the treatments. Notably, T5, where PM was combined with NPKS fertilizers, had the 
highest total N content of 0.69% and the control plots had the lowest total N content 
(0.57%). The straw P content ranged from 0.07% in T1 to 0.21% in T5, which was statistically 
notable versus T4, T6, and T7 (where the fertilizer amount was the same). The K content was 
1.12% in T1 and 1.36% in T7 which statistically similar to T5 (1.31%). The straw-S content 
varied from 0.04% in T1 to 0.1% in T5, showing a signi�icant difference across the treatments.

Table 2. Nutrient contents in of BRRI dhan84 as in�luenced by integrated use of manures 
and fertilizers 

Treatment N content (%) P content (%) K content (%) S content (%)
 Grain Straw Grain Straw Grain Straw Grain  Straw

T1 0.73d 0.57b 0.18c 0.07b 0.17c 1.12d 0.06b 0.04b

T2 1.08bc 0.61b 0.19c 0.09b 0.19abc 1.22bc 0.07b 0.06ab

T3 1.02c 0.59b 0.16c 0.08b 0.19bc 1.19cd 0.07b 0.05ab

T4 1.11ab 0.62ab 0.21b 0.19a 0.21abc 1.3a 0.09ab 0.09ab

T5 1.18a 0.69a 0.24a 0.21a 0.26a 1.31a 0.15a 0.10a

T6 1.14ab 0.63ab 0.19bc 0.12b 0.22abc 1.29ab 0.10ab 0.05ab

T7 1.16ab 0.62ab 0.17c 0.11b 0.25ab 1.36a 0.10ab 0.06ab

CV% 2.49 4.28 3.72 6.87 3.85 1.97 8.3 9.44

SE (±) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance.

3.4 NPKS uptake by rice plant 

Different treatments signi�icantly in�luenced N, P, K and S uptake by grain and straw. 
Notably, T5 exhibited the highest total N uptake of 106.79 kg ha-1, while T1 had the lowest 
value of 39.8 kg ha-1. For P, T5 led the way with 20.49 kg ha-1, statistically similar to T4, which 
showed a 35.6% increase over T2 (where only chemical fertilizers were applied). K uptake 
ranged from 38.01 kg ha-1 in T1 to 86.46 kg ha-1 in T5, representing a 27.65% increase over T2. 
Additionally, S uptake varied from 5.4 kg ha-1 in T1 to 11.9 kg ha-1 in T5, demonstrating a 
37.67% increase over T2 (Table 3). 

Table 3. Effect of manures and fertilizers on total N, P, K, and S uptake by BRRI dhan84 
(Mean±SE)

Treatments Nutrient uptake (kg ha-1)
 N P K S

T1 39.80g ± 0.06 9.01f ± 0.13 38.01g ± 0.08 5.4e ± 0.05

T2 82.50f ± 0.05 15.11e ± 0.11 67.73e ± 0.02 8.66d ± 0.03

T3 81.36e ± 0.08 14.93e ± 0.05 66.5f ± 0.03 8.49d ± 0.07

T4 91.82d ± 0.07 19.97b ± 0.03 77.98b ± 0.04 10.26b ± 0.07

T5 106.79a ± 0.08 20.49a ± 0.06 86.46a ± 0.04 11.9a ± 0.04

T6 92.71c ± 0.02 17.16c ± 0.03 76.23c ± 0.02 9.92c ± 0.05

T7 101.72b ± 0.02 16.67d ± 0.07 74.42d ± 0.04 10.22b ± 0.02

CV (%) 0.92 0.18 0.12 `0.93

The �igure(s) having common letter(s) in a column do not differ signi�icantly at 5% level of 
signi�icance. 

4. Discussion
The results of the experiment demonstrated that the yield and yield components of rice 

were signi�icantly in�luenced by the application of CD, PM, rice straw, household ash, with 
NPKS fertilizers. Yield attributes were always higher in T5 treatment, where poultry manure 
was applied in combination with fertilizers on an IPNS basis, compared to those observed in 
other treatments. These �indings are in align with previous studies (Islam et al., 2014; 
Anisuzzaman et al., 2022; Moe et al., 2019). The superior performance of PM is likely due to 
its higher nutrient level and its slow release (Babu et al., 2021; Prasai et al., 2018). 

The T5 treatment, which combined PM with chemical fertilizers, yielded the highest grain 

(77.5% over control) and straw output (58.3% over control), supporting �indings reported 
by Anisuzzaman et al. (2022). This may be due to PM enhances yield by improving nutrient 
uptake, reducing sterile spikelets, and increasing grain weight although not signi�icant due 
to its rich nutrient content (Schmidt & Knoblauch, 2020; Ismael et al., 2021). Its high uric 
acid content accelerates decomposition, further boosting nutrient availability and vegetative 
growth (Anisuzzaman et al., 2022; Islam et al., 2016). Application of manures and fertilizers 
signi�icantly in�luenced the nutrient concentration and absorption by plants. The highest N, 
P, K, and S uptake was observed in the T5 treatment, and the lowest value was found in T1 
(control), which corroborates �indings by Hoque et al. (2014); Schmidt & Knoblauch (2020); 
Moe et al. (2019). The same explanation applies to both yield and nutrient uptake 
(Anisuzzaman et al., 2022; Tarafder et al., 2020). 

5. Conclusions
Co-application of organic and inorganic fertilizers improved nutrient availability and 

uptake, leading to better growth and yield attributes of rice. Application of T5 (70% RFD + 
PM @ 3 t ha-1) resulted in the maximum rice yield during Boro season. Based on the study, 
applying poultry manure with chemical fertilizers on IPNS basis can be recommended for 
maximizing the yield of BRRI dhan84 during Boro season. However, further research in 
various regions of Bangladesh is needed to validate these �indings before widespread 
recommendation. 
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