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Nitrogen (N) is the most essential nutrient element for improving crop yield. However,
urea, its most common form, is highly prone to losses, especially in flooded rice fields.
Urea application often reduces N use efficiency (NUE) and contributes to environmental
degradation. Here, a field experiment was conducted to examine the yield and growth
performance of Aman rice, as well as to estimate NUE using different organic
amendments and inorganic N application rates. The treatments consisted of two factors:
a) organic amendments- waste biochar, sawdust biochar, cow dung, and control, and b) N
application rate- control (0), 50%, and 100% of the recommended rate. Overall, waste
biochar performed better than sawdust and cow dung. Waste biochar with 100% of the
recommended rate of urea application provided the highest grain (4.65 t ha') and straw
yield (6.72 t hal). However, waste biochar with 50% recommended urea application
provided the best NUE, i.e., agronomic N use efficiency (46 kg rice grain kg N applied),
physiological N use efficiency (28 kg rice grain kg N uptake), and apparent N recovery
(61%). The relatively higher NUE in treatments with organic amendments and half the
recommended N rate suggests a trade-off between improved NUE and rice grain yield.
The enhanced NUE was possibly manifested by retaining more N in the reactive sites of
soil organic matter and its uptake in the plant. Altogether, our results provide insights
into NUE in rice cultivation systems after application of diverse organic matters with
inorganic N application from urea.
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1. INTRODUCTION

Soil is the largest terrestrial reservoir of organic carbon,
storing approximately 2,400 Pg of carbon, which is more
than the combined carbon in the atmosphere and
vegetation (Sadatshojaei et al., 2021). Therefore, increasing
soil organic carbon (SOC) and stabilizing it in the soil is
considered one of the sustainable means for climate change
mitigation. One of the possibilities of increasing the SOC is
the application of pyrogenic carbon-rich organic matter (e.g.,
biochar), while the modern perspective is that carbon
sequestration is the protection of SOC from microbial
decomposition through organo-mineral complexation or
physical protection (Cotrufo et al., 2019). Understanding the
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relative benefits of these organic amendments is required
for informed decision-making or policy formation.

Soil organic matter (SOM) consists of a diverse mixture of
plant and microbial residues at various stages of
decomposition. Apart from its carbon sequestration role, it is
essential for both agricultural productivity and ecosystem
health (Kopittke et al., 2019). It improves soil health through
multiple ways (Powlson et al., 2011). First, organic matter
serves as a reservoir of essential nutrients. It improves the
soil’s water-holding capacity, soil aggregation, creating a
network of pores that facilitates root penetration and
provides food and habitat for beneficial microorganisms
(Jangir et al., 2019). Like many other countries, where
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intensive agriculture is practiced, the average organic matter
content in Bangladesh soils is less than 1% ranging between
0.05 to 0.9% (Huq & Shoaib, 2013). Therefore, increasing
organic matter in croplands of Bangladesh is a high priority.

Organic matter is usually applied as compost made from
farmyard, animal manure, and green manure, or as crop
residue retention. In Bangladesh, using organic matter from
agricultural residues as organic fertilizer is limited because
much of it is used as fuel for cooking. As an alternative,
municipal organic waste can be a good option for recycling
as a source of organic matter since the waste generation is
quite large, estimated at 15500 t day™ (Mia et al., 2018). The
majority fraction of the municipal waste (>75%) is organic in
nature (Mia et al., 2018). Municipal organic waste can
potentially be recycled for agriculture by pyrolysis and
composting to replenish the SOM. The biochar obtained
from municipal waste is used as an organic amendment for
its physicochemical properties (Rehrah et al., 2016). The
sawdust biochar, an organic amendment widely used in
agriculture for its N and other nutrient content (De
Bhowmick et al., 2018).

Biochar typically has a high specific surface area, which is
beneficial for nutrient retention and microbial activity (Leng
et al., 2021). It carries a significant amount of surface
functional groups, which can influence its interactions with
soil nutrients and other environmental components. These
characteristics make biochar a valuable amendment for
agriculture and environmental management, offering
benefits in soil fertility, nutrient retention, and overall
sustainability. However, the physicochemical properties of
biochar vary significantly based on production conditions
and the feedstock used in its production (Baquy et al., 2022;
Septiana et al., 2018; Tomczyk et al., 2020). The wood-based
biochar tends to have a higher proportion of carbon,
specifically aromatic carbon, due to its cellulose-rich nature.
They generally contain fewer plant-available nutrients,
making them more beneficial for long-term carbon
sequestration rather than their immediate role as a nutrient
source. Manure-based biochar has a lower carbon content
compared to wood-based biochar. They are rich in nutrients,
such as nitrogen, phosphorus (P), and potassium, which can
be readily available for plant uptake (Piash et al., 2021). This
makes manure-based biochar suitable for short-term soil
fertility improvement. In contrast to biochar, organic
amendments such as compost and cow dung carry relatively
more readily available nutrients.

The N use efficiency (NUE) in rice cultivation is a crucial
topic, especially concerning sustainable agriculture and
environmental impact. Nitrogen applied to rice fields can be
lost through leaching into groundwater or volatilization into
the atmosphere, reducing its availability to the plants and
potentially causing environmental pollution (Chen et al,
2021). Improper timing and uneven distribution of N
application can lead to suboptimal uptake by rice plants,
resulting in reduced yield and efficiency. Excessive N use can
lead to environmental issues such as water pollution
(eutrophication) and greenhouse gas emissions (e.g., nitrous
oxide) (Chen et al., 2021; Tyagi et al., 2022). The NUE can
vary widely depending on factors like soil type, climate, crop
variety, and management practices (Govindasamy et al.,
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2023; Sharma & Bali, 2018). Optimizing these factors is
essential for improving efficiency.

The N is one of the most important essential nutrient
elements that plays a critical role in plant growth and yield
(Igbal et al., 2021). Therefore, a large amount of N is applied
to boost yield. However, long-term effects of chemical N
fertilizers on soil health can indeed lead to soil degradation,
which hinders plant growth and reduces productivity over
time (Guo et al.,, 2017). The combined application of
inorganic fertilizer and organic amendments has been
suggested as a strategy to increase nutrient use efficiency
through nutrient cycling and changing soil properties with
organic amendments (Igbal et al.,, 2019; Oyetunji et al.,
2022). The biochar application with N fertilizer in the rice
field increases yield and NUE (Liu et al., 2022; Yuan et al.,
2024). Since the organic amendment varies in biochemical
properties, the effects of the combined application of
organic and inorganic fertilizers can be variable. However,
understanding is limited on how the application of biochar
with diverse properties with urea would affect the
productivity and N use efficiency in rice cultivation. Here, we
examined the combined application of urea and biochar
(produced from sawdust and organic waste) on rice culture.

Our aim was to examine the effect of the combined
application of diverse organic amendments with inorganic
urea-N on the NUE and grain yield in rice. Specifically, the
efficacy of diverse biochar (sawdust and waste biochar) was
compared with cow dung and absolute controls against two
rates of N application using a field trial.

2. MATERIAL AND METHODS
2.1. Field trial

The experiment was conducted from 13™ August to 6%
December 2020 in the Agronomy Field Laboratory (22°
27.50'N and 90° 23.08’E) at Dumki, Patuakhali, Bangladesh.
The experimental area is situated in the subtropical climatic
zone, which belongs to the Agro-ecological Zone of the
Ganges Tidal Flood Plain (AEZ-13). During the experimental
period, the average temperature, precipitation, relative
humidity and monthly sunshine hours are declined in Fig. 1.
The experiment included two factors. Factor A included
organic amendments- (i) waste biochar (ii) sawdust biochar
(iii) cow dung (iv) control while factor B included rate of N
fertilizer application- (i) 100% recommended N (RN) (ii) 50%
RN, and (iii) control. The treatments were replicated three
times. Biochar was produced from waste and sawdust in a
slow pyrolysis biochar kiln for 10 h at ~ 400 °C (Mia et al,,
2015).

Organic fertilizers (biochar and cow dung) were applied
to plots at 5.0 t ha™ on a dry biomass basis during final land
preparation and incorporated into surface soils (0-20 cm).
The inorganic fertilizer was applied as per the
recommendation of fertilizer for BRRI Dhan 52 cultivation
technology (BRRI, 2016). As per the calculation, the
recommended rates of fertilizers were 167, 62, 84, 56, and 8
kg ha? of urea, triple super phosphate, muriate of potash,
gypsum, and zinc sulphate, respectively, for BRRI Dhan 52.
The plot size was 10 m2. One-third of the urea and all other
fertilizers were applied to each plot at final land preparation.
The second and third instalments of urea were broadcast at
25 DAT and at 55 DA.
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Figure 1. Weather data during experimental period; (a) average temperature, (b) average precipitation, (c) average relative
humidity, and (d) mean monthly sunshine hours

Table 1. Chemical properties of organic amendments and initial soil

Properties
treatments
pH EC (dSm™) %C %N %P
Waste biochar 7.410.1 0.36+0.01 68.9+0.4 2.83+0.15 0.23+0.02
Sawdust biochar 6.510.6 0.52+0.01 66.3+0.6 0.73+0.13 0.12+0.01
Cow dung 8.210.1 1.6210.03 42.7+1.2 1.80+0.10 0.44+0.02
Soil (initial) 7.5£0.2 6.31+0.24 0.014+0.001 0.07+0.01 0.0008+0.0001

Twenty-five-day-old healthy seedlings of BRRI Dhan 52
were transplanted with a spacing of 25 cm x 20 cm. After
transplanting, regular irrigation was maintained during the
growing period, if required. Three weddings were done
during the growing period. At harvest, five hills (excluding
the border one) from each plot were randomly selected,
uprooted, and properly tagged for recording necessary data
on crop yield contributing characters. The rest of the plot
was harvested separately to record the yield for each plot.
Soil samples (0-20 cm) were collected before land
preparation.

The properties of the initial soil and the organic
amendments are presented in Table 1. The initial soil
contained a very low amount of N (0.07%). The waste
biochar contained relatively higher amount of N (2.83%)
than cow dung (1.80%), followed by sawdust biochar
(0.73%). Similarly, the waste biochar had a relatively higher
amount of carbon (68.9%) than sawdust biochar (66.3%),
followed by cow dung (42.7%). The cow dung showed the
highest value of EC (6.31 dSm™) and P (0.44%) compared to
waste biochar, followed by sawdust biochar.

2.2. Soil and plant chemical analysis

Soil pH was determined by a glass electrode pH meter
(Jackson, 1973). Twenty grams (20 g) of air-dried soil from
each sample was taken in 50 ml beakers separately, and 50
ml of distilled water was added to each beaker. The
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suspensions were shaken by a shaker for about 30 minutes
and pH was measured (APHA, 2012). The electrical
conductivity of collected soil samples was determined
electrometrically (1:5, soil : water ratio) by a conductivity
meter (APHA, 2012). Organic carbon was determined wet
oxidation method. One gram of soil, along with 10 mL of 0.5
N potassium dichromate solution and 20 mL of H,SO4, was
taken in a 500 mL conical flask. After 30 minutes of rest, 200
mL of distilled water was added, followed by the addition of
10 mL of concentrated H3PO,4 and 40 drops of diphenylamine
indicator. The solution mixture was then titrated against 0.2
N ferrous ammonium sulphate solution until the purplish
blue color turned to fresh green color (Walkley & Black,
1934). Total N content in samples was determined by the
macro Kjeldahl method. Five grams of soil was taken in an
800 mL Kjeldahl flask, and then 20 mL concentrated H,SO4,
and 5 g catalyst mixture (100 10 1, K,SO4: CuSQOg: Se powder)
were added to it, and the digestion was started. The flask
was placed in the distillation set, so that the end of the
condenser remained below the surface of the boric acid
solution. When about 150 mL of distillate was collected,
distillation was over. Then the distillate was titrated against
H,SO,. At the endpoint, the green color of the solution
changed to blue. A blank titration was conducted following
the same procedure stated above (Jackson, 2005). For
determining the available P in soil and organic amendments,
Olsen’s method was applied. Five grams of the sample were
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taken in a 250 mL conical flask. Then, a little of (P and
arsenic-free) carbon black and 100 mL 0.5M NaHCO; were
added to it. The contents were then shaken for 30 minutes
on a horizontal mechanical shaker and were filtered through
Whatman No. 42 filter paper. For determining the P, 5 mL of
extract was taken into a 50 mL volumetric flask, followed by
4 mL of sulphomolybdate solution and distilled water up to
the volume of 45 mL. A few drops of stannous chloride
solution were added, and finally, the volume was made up
to the mark with distilled water and allowed to stand for 10
minutes for complete colour development. The absorption
readings were taken with the help of a spectrophotometer
at 660 nm wavelength, comparing with a standard series
solution running in the same way (Jackson, 2005).

2.3. Nitrogen use efficiency and recovery

The agronomic nitrogen use efficiency (ANUE),
physiological nitrogen use efficiency (PNUE), and apparent
nitrogen recovery (ANR) were calculated using Equations, 1,
2, and 3, respectively (Oladele et al., 2019).

YN¢-YNg

ANUE = 2 0 e 1]
NA
PNUE = i 0 e 2]
PN¢—PN,
ANR = 2PN 00 e 3]
NA

Where, ANUE= Agronomic N use efficiency (Kg grain Kg*N
applied), YN= Yield in N treated plots (kg), YNo= Yield in N
untreated plots (kg), PNUE= physiological N use efficiency
(Kg grain Kg* N uptake), PN«= Plant N uptake in treated plots
(kg), PNo= Plant N uptake in untreated plots (kg), ANR=
apparent N recovery (%), NA= N applied (kg).

2.4. Statistical analysis

A two-way analysis of variance was performed to
examine the main and interactive effects of biochar
amendments and N application rates using JMP 8.0 (SAS,
USA). The means were separated using Tukey’s HSD at 5%.
Model assumptions, including normality and equal variance,
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were checked, and data were transformed when
assumptions were not met. Regression and principal
component analyses were also performed.

3. RESULTS
3.1. Plant performance
Average across fertilizer treatments, the rice

performance and yield was higher in waste biochar (4.65 t ha)
treatment than both control (3.23 t ha?) and sawdust
biochar (4.11 t hal) treatment (Table 2). Among the N
application rates, 100%RN produced the maximum grain
(4.65 t hal) and straw (6.72 t hal) yield. The interaction
effect of different biochars and inorganic N treatment had
significant effects on the plant height, effective tillers hill%,
filled grains panicle™, unfilled grains panicle, panicle length,
thousand-grain weight, straw yield of rice and grain yield of
rice (P<0.05, Table 2). Waste biochar with 100% of the
recommended N addition produced significantly the longest
plant (116.27 cm), the highest number of effective tillers hill’
1 (14.13), the highest no of filled grains panicle (110), the
maximum thousand-grain weight(28.84 g), the maximum
straw yield (6.72 t ha') and the maximum grain yield (4.65 t
ha') (Table 2). The lowest values for all parameters were
found in control treatments except unfilled grains panicle™.

3.2. Nitrogen content in plants and soils

There is a significant difference in grain and straw N
concentration among the treatments (Table 3). Higher grain
and straw N concentration was recorded in organic
amended plots, including cow dung and biochar, compared
to no fertilizer (i.e., control) application treatment. The
highest concentration of N in straw (0.56%) was found in
cow dung with 100% recommended N fertilizer, while the
lowest amount (0.33%) was found from the control
treatment, i.e., no organic and inorganic N application (Table
3). Similarly, grain N concentration was relatively higher in
cow dung treatment with 100% recommended N fertilizer
application (1.13%), while the lowest concentration (0.70%)
was found in the control treatment (Table 3).

Table 2. Effect of biochars of different sources and N fertilizers on yield and yield contributing character of rice (mean + SD)

Treatment Combination Plant Height Number of Number of Number of ) . . :
- i ) X ] X Panicle length 1000- grain Straw yield Yield
Organic Nitrogen at Harvest Effective filled grain unfilled grain (cm) weight (g) (tha) (tha)
Amendments (cm) Tiller per hill per panicle per panicle
Control 0% RN 95.1+0.8f 6.9+0.1f 64.6x1.4e 52.2+4.65ab 19.62+0.15¢g 23.2540.15f 1.88+0.02f 1.82+0.03h
Control 50% RN 101.040.4d 9.3+0.2d 70.540.6d 44.47+2.44bc 21.57+0.15f 24.58+0.34e 3.3+0.45d 2.53+0.12f
Control 100% RN 106.0+0.8c 10.6%0.2¢ 85.3+2.3c 60.33%2.1a 23.29+0.38de 25.27+0.21de 5.16+0.26c  3.23+0.22e
Cow dung 0% RN 99.4+0.4de 8.0+0.5de 69.5+1.3d 44.87+1.17bc 22.69+0.16ef 24.42+0.17e 3.2740.17de 2.27+0.06g
Cow dung 50% RN 105.7+0.2c 10.7+0.8c 87.5+1.3c 48.53+5.72abc 24.14+0.06cd 26.2510.04cd 4.91+0.4c 3.51+0.03d
Cow dung 100% RN 113.240.8b 12.5+0.4b 95.740.5b 36.6+3.86¢cd 25.25+0.29bc 27.38%0.09b 6.1310.72b  4.29+0.5bc
Sawdust biochar 0% RN 98.7+1.2e 8.3+0.5e 69.1+1.51d 44.87+1.17bc 22.69+1.16ef 24.42+0.17e 2.91+0.05e  2.08+0.05g
Sawdust biochar 50% RN 105.0+0.6¢ 10.7+0.26¢ 87.53+1.29¢ 48.5315.72abc  24.32+0.34bcd 25.2510.04de 5.03+0.11c 3.54+0.1d
Sawdust biochar  100% RN 112.61.0b 12.6+0.2b 96.67+2.04b 36.6+3.86¢cd 25.25+0.29bc 27.58%0.27b 6.0610.55b 4.11+0.7¢c
Waste biochar 0% RN 100.741.1de 8.6+0.2e 71.441.51d 53+11.36ab 23.840.24de 24.89+0.07e 3.4910.24d  2.57+0.04f
Waste biochar 50% RN 111.610.8b 12.3310.1b 94.87+1.42b 55.6+4.01ab 25.35+0.18b 26.91+0.93bc 5.8310.2b 4.3410.05b
Waste biochar 100% RN 116.3+0.4a 14.13+0.31a 109.6*1a 26.87+5.69d 26.55%0.2a 28.64+0.49a 6.72+0.19a 4.65%0.13a
CV% 6.2 20.6 16.5 21.8 7.9 6.6 31.3 30.0
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Level of significance

%k

%k

%k

%k

%k

%k

* %k

k%

Notes: **= Significant at 1% level of probability; Means that do not share same letters are significantly different at 5% level

(Tukey HSD), 100% RN=76.84 kg N haX
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Table 3. Effect of organic amendments and N fertilizers on nitrogen concentration in rice grain and straw (mean + SD)

SAINS TANAH — Journal of Soil Science and Agroclimatology, 22(2), 2025

Treatment Combination

Organic Amendments Nitrogen Straw %N Grain %N
Control 0% RN 0.34+0.06d 0.70+0.13d
Control 50% RN 0.45+0.09bc 0.95+0.19bc
Control 100% RN 0.48+0.02bc 0.96+0.04bc
Cow dung 0% RN 0.44+0.06bc 0.92+0.13bc
Cow dung 50% RN 0.51+0.17ab 1.08+0.35ab
Cow dung 100% RN 0.56+0.08a 1.13+0.04a
Sawdust biochar 0% RN 0.41+0.02cd 0.86+0.04c
Sawdust biochar 50% RN 0.46%0.03bc 0.97+0.05bc
Sawdust biochar 100% RN 0.50+0.02ab 1.03+£0.07ab
Waste biochar 0% RN 0.41+0.02cd 0.86+0.03c
Waste biochar 50% RN 0.46%0.03bc 0.97+0.07abc
Waste biochar 100% RN 0.51+0.02ab 1.06+0.07ab
CV% 13.2 28.2
P value <0.01 <0.01
Level of significance *E ok
Table 4. Soil chemical properties after harvest of rice (meanSE)
Treatment Combination Available P

Organic Amendments Nitrogen Total N (%) (mg/Kg soil) PH EC {dSm)
Control 0% RN 0.07+0.00 5749 8.26+0.02 0.12+0.00e
Control 50% RN 0.08+0.00 67112 7.49+0.10 0.18+0.00d
Control 100% RN 0.09+0.00 73117 7.26+0.02 0.23+0.00bc
Cow dung 0% RN 0.07+0.01 57+13 8.15+0.04 0.18+0.01d
Cow dung 50% RN 0.09+0.00 6717 7.72+0.15 0.21+0.00 bd
Cow dung 100% RN 0.10+0.00 50112 7.40+0.10 0.25+0.01b
Sawdust biochar 0% RN 0.07+0.00 5010 8.14+0.01 0.18+0.01d
Sawdust biochar 50% RN 0.09+0.00 63124 7.68+0.23 0.20+0.02cd
Sawdust biochar 100% RN 0.09+0.00 67127 7.30+0.10 0.25+0.00b
Waste biochar 0% RN 0.07+0.00 93123 8.42+0.05 0.19+0.01cd
Waste biochar 50% RN 0.09+0.00 4713 7.51+0.06 0.25+0.01b
Waste biochar 100% RN 0.09+0.00 4016 7.75+0.40 0.36+0.02a
P- value 0.43 0.30 0.38 <0.01
Level of significance NS NS NS wk

Although there was no significant difference in soil N
content among the treated fields after rice harvest, the
highest N content was observed in the plots treated with
100% RN. Similarly, for electrical conductivity (EC), no
significant differences were found among the treatments;
however, the highest EC value was recorded in the plots
treated with waste biochar combined with 100% RN. In
addition, there were no significant differences in soil P and pH
values among the treated fields after rice harvest (Table 4).

3.3. Effect of organic amendments and N fertilizer on
nitrogen use efficiency and recovery

The interaction effect of organic amendments and
inorganic fertilizer treatment showed a significant effect on
agronomic N use efficiency (ANUE), physiological N
efficiency (PNUE) and apparent N recovery (ANR) (P<0.01,
Fig. 2, 3, & 4). Better nitrogen use efficiency was recorded in
organic-amended treatments compared to no-organic
fertilizer treatments. Among all the treatment combinations,
maximum ANUE (46 kg rice grain kg! N applied) was
obtained from the application of waste biochar with 50% of

the recommended N and the minimum ANUE (18 kg rice grain
kg® N applied) was recorded from the combination control
and 50% of the recommended N (Fig. 2). The maximum
(28.02 kg rice grain kg N uptake) PNUE was obtained from
the application of waste biochar with 50% of the
recommended - N and the minimum PNUE (19.36 kg rice
grain kg* N uptake) was observed in the combination of
control and 50% of the recommended N treated plot (Fig. 3).
The highest (61.03%) ANR was found from the application of
waste biochar with 50% of the recommended N and the
lowest ANRE (7.97%) was observed in the combination of
control and 50% of the recommended N treated plot (Fig. 4).

3.4. Variables explaining grain yield and NUE

A positive relation between grain N % and straw N%,
yield, and SPAD value, and yield and soil N was found (Fig.
5). Moreover, grain yield had significant positive corrections
with total number of tillers, number of grains per panicle
and grain weight (Fig. 6). A principal component analysis is
used to generalize the variation in different among response
variables. Component 1 and 2 explained 67.6% and 6.7% of
the variabilities in the data set.

483



Lipi et al.

SAINS TANAH — Journal of Soil Science and Agroclimatology, 22(2), 2025

=_ 50 - a
.58 45 4 b
23 40 -
E a 35 c
o = d d d
aZ 30 A
= 25 e
z» e
Q c 20 A
ET 15 -
c ™ 10 4
o o
C 5 -
[ J—
< 0' T T T T T T T
Z Z g g g g g g
X X X N N X X X
o =) o o o o o o
n ] =) o n n =] n
Re] = = — o] Re) - he]
c © © © c c © c
© c % % © © c ©
© © —_
E o (o) — _fZU %D _O 8
(3] e S 2 ] 3 =] €
o (o] (] o e
o o g s} el 2 IS} 8
o 3 o - [}
.8 ] — wn (&) ©
%] 2 (@] wn =}
© 1% =} kel
= g 'g 2
©
(%)
3
Treatments

Figure 2. The interaction effect of organic amendments and N fertilizers on agronomic nitrogen use efficiency. Treatments
having different lowercase letters are significantly different from each other at P<0.05
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Figure 3. The interaction effect of organic amendments and N fertilizers on physiological nitrogen use efficiency. Treatments
having different lowercase letters are significantly different from each other at P<0.05

The loading od plant performance (e.g., biomass and grain
yield) was closely linked to yield contributing characters, soil
N and P while their loading were opposite to soil pH (Fig. 7).

4, DISCUSSION

Biochar application along with inorganic nitrogen can
significantly affect crop performance including rice through
improving nutrient use efficiency (Ahmed et al., 2025; Awad
et al, 2018). In our study, application of organic
amendments significantly improved crop yield. Average
across fertilizer treatments, the yield advantage was 52%,
27% and 32% in waste biochar, sawdust biochar, and cow
dung respectively (Table 2).

Among the N application rates, the highest yield (4.07 t
hal) was obtained in the 100% RN, which is 86% greater

than the control treatment. This increment was 59% when
50% RN was applied (Table 2). When organic amendment
and inorganic fertilizers were applied in combination, the
increment was dependent on the rate of N application.
Without any N addition, the yield improvement was 24.7%,
14.3% and 41.2% with cow dung, sawdust and waste
biochar application. At 50% RN, these increments were at
38.7%, 39.9% and 71.5% while N application at 100% RN
rates, 32.8%, 27.2% and 44% improvement in yield were
recorded in cow dung, sawdust and waste biochar,
respectively. This infers that the highest yield (4.65 t ha)
was obtained from waste biochar with 100% RN compared
to the control treatment receiving 100% RN (Table 2).
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Figure 4. The interaction effect of organic amendments and N fertilizers on apparent nitrogen recovery. Treatments having
different lowercase letters are significantly different from each other at P< 0.05
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Similar results were reported in the previous in different
crops, such as in Allium (Rahayu et al., 2019), rice (Ahmed et
al., 2025), and sorghum (Bhatta Kaudal & Weatherley, 2018).
In contrast to our study, Liu et al. (2025) reported a
reduction in rice yield with biochar-based organic fertilizers
due to a reduction in N mineralization. However, a similar
reduction in soil available N was not observed in our study.
Organic amendment can significantly improve crop yield
as well as NUE (Yuan et al.,, 2024). We believe the
improvement in yield in rice was primarily manifested by an
increased retention of applied N on the soil reactive surfaces
which was partially contributed by biochar (Ahmed et al.,
2025). The nutrient was then taken up by plants and
transferred to the grains (Shi et al.,, 2024). Significant
relationship between soil total N, SPAD value, and straw N
concentration with grain yield support our attribution (Fig. 5
& 6). Our PCA analysis also showed similar trends with
arrows of N concentrations and grain yield in the same
directions (Fig. 7). It is plausible because soil reactive
surfaces might have increased due to the addition of biochar
that carried a relatively a higher cation exchange capacity
(Sukartono et al., 2022). Moreover, waste biochar possibly
partially contributed to soil nutrition since it carried
relatively a larger amount of N and P (Baquy et al., 2022;
Singh et al., 2023). In addition, there was a negative relation
between soil pH and grain yield suggesting that a higher pH

might have caused a significant loss of N through
volatilization. Volatilization of N might have been partially
suppressed by organic amendments including biochar.
However, soil pH in the biochar treatment was not
significantly lower than control treatments. A relatively
lower vyield improvement in sawdust biochar treatment
compared to cow dung and waste biochar treatment can be
explained by its lower nutritive value (Table 1).Specifically,
the N and P contents were much lower 0.73% and 0.12%,
respectively, compared waste biochar (N-2.83% and P-
0.23%) and cow dung (N-1.8%, P-0.44%). Therefore, the yield
improvement in rice with combined application of organic
and inorganic fertilizers is possibly increased through
nutrient addition from organic amendment and their
capacity to retain in the reactive surfaces, and supply of
these nutrients to rice plant (Ahmed et al., 2025; Awad et
al., 2018; Shi et al., 2024).

Application of N at right amount is critical for having a
higher crop yield (Lan et al., 2026). Because a low application
rate can compromise the yield while a higher application
rate may reduce yield through excessive vegetative growth
and lodging. In our study, the average yield improvement
with different organic amendments was relatively greater
with 50% RN (50.1% over control) than 100% RN (34.7% over
control), suggesting that the response to fertilizer was
relatively higher with a low application rate than at a higher
application rate.
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Figure 6. Pearson correlation plot of different variables
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Figure 7. Principal component analysis of different variables

However, there were variations in yield improvement
among different organic amendments. The N response was
higher in waste biochar and cow dung treatments compared
to sawdust biochar application. Although it is not certain
why the response was relatively lower in sawdust biochar at
100 RN, some of the mineral N could have immobilized in
this treatment.

Increasing NUE is one of the prime global agendas for
sustaining agricultural production (Cassman et al., 2002; Liu
et al., 2022). Because NUE is relatively low in rice production
systems, there are consequences for economic loss and
environmental degradation. In our study, the ANUE, PNUE,
and ANR were relatively high in plots treated with waste
biochar at 50% RN, although the highest yield was achieved
with 100% RN (Table 3). This suggests that a reduction of N
application to 50% might provide more economic benefits by
lowering fertilizer costs while maintaining efficient N
utilization. The biochar has been shown to enhance NUE by
increasing N retention, and reducing N losses through
volatilization and leaching (Ahmed et al.,, 2021). The

SAINS TANAH — Journal of Soil Science and Agroclimatology, 22(2), 2025

application of biochar increased soil N, and enhanced crop N
uptake (Jia et al., 2021). These factors suggest that the
inclusion of biochar could make it possible to reduce N
inputs while still achieving high NUE, which highlights
biochar's ability to reduce the need for excessive N
fertilization use (Yadav et al.,, 2019). This indicates that,
although higher N rates may lead to greater yields, biochar’s
role in improving nutrient dynamics still supports efficient N
use even at 50%RN application. Therefore, these findings
underscore the importance of tailored N management
strategies that balance nitrogen input and overall
productivity to enhance NUE while providing economic and
environmental benefits.

5. CONCLUSION

A field trial was conducted to examine the combined
effect of organic amendments and inorganic N fertilizer on
the yield and NUE. Among the treatment combinations,
waste biochar with 100% of the recommended rate of urea
application showed the highest grain yield (4.65 t ha) and
straw yield (6.72 t ha). However, waste biochar with 50%
RN showed the highest agronomic use efficiency of N. Thus,
our findings show a tradeoff between yield advantage and
NUE in rice production with the combined application of
biochar and urea.
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