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Abstract

Background and Objectives: Nitrogen (N) fertilizer management with other soil amendments is crucial for optimal growth and
productivity of grain crops. There has been increasing interest on converting rice straw to biochar and examining its use as a soil
amendment. This study was conducted to evaluate the effects of different nitrogen fertilizer managements combined with rice straw
derived biochar on rice growth and yield attributes. Materials and Methods: This greenhouse pot study was performed in a randomized
complete block design with 4 replications. Treatments comprised of 150 kg ha=" N fertilizer as a control (T1), 9 t ha=' rice straw biochar
added to 30, 60, 90, 120 and 150 kg N ha ~' (T2, T3,T4, T5 and T6, respectively). Growth measurement was carried out at week 2, 6 and
10 after transplanting, while yield attributes were obtained upon harvesting at 110 days. The effects of N and biochar treatments data
were analysed using two-way analysis of variance (ANOVA) in PROC ANOVA in SAS Ver. 9.4 while treatments means differences were
compared using least significant difference (LSD), both at p<0.05. Results: Treatment 5 (120 kg N ha=" with biochar) was able to promote
more plant growth and yield attributes than the other treatments, especially in plant height, leaf area, relative chlorophyll content and
tiller number. Increased yield over the control treatment was found similar to 90 and 120 kg N ha~" with biochar, reducing fertilization
up to 40% and resulted in 20% grain yield improvement compared to the control. Therefore, rice straw biochar addition at
9tha™" with90-120 kg N ha~" can be recommended for sustainable rice productivity and improvement of rice yield and farmers’
profits. Conclusion: The use of biochar in addition to the chemical fertilizers in rice production systems is an economically feasible and
practical nutrient management practice.
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INTRODUCTION

Over 90% of rice production globally is harvested and
consumed in Asian countries’. In these countries, rice is the
staple food and is typically consumed two or three times a
day, makingitan essential source of carbohydratesin medium
and low-income countries. In Asia, there is still a gap between
the farmer’s field and potential yield. In Malaysia, for instance,
the rice yield gap accounts for 1.2 t ha™', which is the
difference between a potential yield of 7.2 t ha=' and the
actual yield that is 6 t ha=". By 2020, one among many
government aspirations on food security is to achieve
self-sufficiency level, which is currently around 71.6%?.
Additionally, it was estimated that by 2025, rice production
must increase about 60% more than current productivity in
ordertofulfilthe needs of an ever growing global population?.
Nevertheless, producing more food from fixed agricultural
lands signifies the need for sustainably optimising agricultural
inputs, including ones from natural resources.

Nitrogen (N) which is an important macro nutrient
elementin cropping systems, is required by rice in abundance
quantities and is more needed than any other nutrients *. The
optimization of N application for rice production is justified
through high grain yield and profitable farming, whereas
excessive N application is not only costly but could
detrimentally affects our environment (Rice Production,
BMPs)>. Therefore, for sustainable agriculture, the use of
chemicalfertilizer should be assessed not only for the food but
also for climate change mitigation®. The use of rice residue
along with chemical fertilizer in rice production to improve
physico-chemical properties of soil and consequently
contribute towards sustainable productivity of local rice
production is yet an alternative that should be weighed.

Kedah is an area located in the Muda Irrigation Scheme
and possesses Malaysia’s main rice producing fields, with
approximately 96,558 ha under cultivation’. At these
cultivation areas, most of straw from the harvested rice plants
are burntin the fields, causing air pollution problems and loss
of carbon from improved fertile soil. Through the burning of
the straw, portions of rice residues are indirectly being applied
back to soil by means of composting or direct, raw application.
However, in order to maintain sustainable soil productivity,
these straw needs yearly supplication yet the applications
should be through a more sustainable approach that possibly
can improve air quality and be cost effective. In weighing
alternatives, straw should be turned into black carbon
(biochar). The conversion of the straws into biochar is well
supported by the priorities of the local government to
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improve fertilizer efficiency and promote the use of cost
effective, recycled agricultural waste such as rice straw?.

After pyrolysis of rice material at high temperature
(600°C), the combination of inorganic and organic substances
form Si-C bonds and enclosed C as distinct chemical
properties due to the high silica content of rice plants that can
prevent degradation of carbon®''. Among benefits of biochar
are improving soil biology, physical and chemical properties,
suppressing soil-borne pathogens and acting as soil
amendments'?'3, The application of rice straw biochar with
inorganic N fertilizer has been reported to increase soil
aeration in a short term incubation study of microcosm',
reduced N,O emission by increasing the pH of soil and
enhanced soil aeration and bacterial immobilization>®,

Regarding therice straw biochar, Liu et a/" reported that
its use resulted in increasing soil pH values and decreased
methane producing bacterial activity. Zhao et a/'® found that
9 t ha™' rice straw biochar had a synergetic effect with
standard NPK fertilizer on soil properties, increased rice yield
and reduced methane gas emission, while Kamara et a/"
demonstrated that rice straw biochar had the capacity to
improve yield through early seedlings growth increment.
Nevertheless, Kyaw? illustrated insignificant differencesinrice
yield by the application of rice husk biochar (20 Mg ha="+NPK)
and rice straw biochar (20 Mg ha='+NPK).

Until now, researchers have studied the application of
organic residue with chemical fertilizer on seed production
and soil properties in tropical countries such as demonstrated
by Mutezo?'. The author, for instance, recommended the
utilization of certain amounts of good quality organic fertilizer
in tropical soil to improve mineral fertilizer use efficiency.
Filiberto and Gaunt??, on the other hand, suggested that a
single application of 25 t ha™' biochar should not be
substituted for usual fertilizer applications without adding
certain amounts of NPK fertilizer for maintaining crop yield. In
general, the interaction between different nitrogen fertilizer
managements and rice straw derived biochar on rice growth
and yield have been not well documented. In this light, the
objective of the current study was to examine the synergistic
effects of different N fertilizer rates combined with biochar
derived from rice straw on rice growth and yield.

MATERIALS AND METHODS

Experimental sites and design: This experiment was
conducted at a glasshouse (Ladang 2) in Universiti Putra
Malaysia, Serdang, Selangor, Malaysia in March, 2016. The
experimental design was a randomized complete block
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design with six rates of nitrogen (N) and a fixed rate of rice
straw biochar, replicated four times. The treatments were
150 kg N ha=! (T1) as the control rate following the MADA
recommended rate, 30 kg N t ha™" and 9 t ha™' rice straw
biochar (T2), 60 kg Ntha=" and 9tha~'rice straw biochar
(T3), 90 kg Ntha=' and 9tha~' rice straw biochar (T4),
120 kgNtha™' and 9tha™' rice straw biochar (T5) and
150 kg Ntha="and 9 t ha~" rice straw biochar (T6). The T2 to
T6 treatments were designed based on the N recommended
rate that was reduced 20% per treatment while maintaining
the same amount of biochar.

Dried rice straw was first chopped and screened through
a 2.0 cm sieve and pyrolyzed in a pyrolysis stove for 10 min at
limited oxygen conditions at 300°C. Immediately, the hot
biochar was spread on the floor by using a rolling device and
cooled to room temperature for about an hour. Prior to
analysis, the rice straw biochar was ground into fine particles
and screened through a 2 mm diameter sieve. Biochar pH 1:10
(biochar:H,0) was tested with a pH meter (Accument 910,
Fisher Scientific Ltd., Pittsburg, PA, USA). The TRU MAC CNS
Analyzer (LECO Corp., MI, USA) was used to measure total C, N
and S of the biochar using the combustion method. The
biochar was characterized by a pH of 10.08 and total C (%),
N (%) and S (%) of 24.09, 0.60 and 0.08, respectively.

The rice was grown in flooded pots containing of topsail
(0-15 cm) collected from the Muda Agricultural Development
Area (MADA) rice field in Kedah. Prior to the experiment, the
soil physico-chemical properties were analyzed and depicted
in Table 1.

The rice variety used in this study was MR288 (110 days
old), which is a common variety planted by Malaysian rice
growers in Kedah, with a yield record for this variety of 6 t ha™
using farmer’s practice. The MR228 seeds were soaked in a
beaker for 24 h and germinated in a plastic box filled with
quartz sand. Twenty litres plastic buckets were filled with
15 kg air-dried soil and mixed well with the recommended
rate of rice straw biochar (9 t ha=' rice straw biochar), which
was based on the surface area (1 ha = 10,000 m?) with inner
surface area of 0.078 m? for respective treatments T2
through T6. Watering was done to maintain approximately
70% of the water holding capacity. After 14 days of
germination, three seedlings were transplanted to each
bucket.

Actual N applications were adjusted following the
designated T1 to T6 treatments based upon the fertilization
schedule as provided by MADA (Table 2). In addition to the
treatments, 98 P,O; kg ha=',96 K,O kg ha—'and 7 MgO kg ha™"
were applied to the plants. The N were applied as urea, P,0Os as
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Table 1: Physical and chemical properties of soil used for the experiment

Characteristics Value
Textural class Silt loam
Sand (>50 pm) 18.70
Silt (2-50 pm) 60.43
Clay (<2 um) 20.85
Soil pH 5.90
CEC (cmol kg™) 8.00
Total carbon (%) 1.69
Total nitrogen (%) 0.13
Carbon nitrogen ratio (C/N) 13.00
Extractable (pgg')

Phosphorus 31.57
Potassium 135.90
Calcium 797.30
Magnesium 76.30
Copper 0.61
Iron 521.50
Manganese 797
Zinc 0.98

CEC: Cation exchange capacity

triple superphosphate (TSP), K,O as muriate of potash (MOP)
and MgO as itself. Regular management and plant protection
measures were carried out by following standard procedures.

Data collection: Plant growth measurement, such as leaf
area (cm?), plant height (cm), tiller numbers, relative
chlorophyll content (SPAD unit) and stomatal conductance
(mmol m=2sec™") were carried out on each plant at week 2, 6
and 10 after transplanting. The CI-203 Leaf Area Meter was
used to measure the leaf area of the three uppermost, fully
expanded leaves of each plant. These values were later
averaged. Plant heights were acquired by using a 3.5 m metal
measuring tape by taking the average plant height from the
base to the tip of the longest rice leaf. Prior to the panicle
initiation, the relative chlorophyll contents were obtained by
using the SPAD chlorophyll meter taken on the uppermost,
fully expanded leaf of each plant and averaged for each pot.
After the panicle initiation, the measurements were obtained
from the flag leaf. To estimate the stomatal conductance, the
uppermost expanded leaf from each plant was measured
using by a hand-held Leaf Porometer model SC-1 from
Decagon Devices.

Grain yield and yield attributes such as panicle per hill,
panicle length, number of grain per panicle and thousand
grains weight produced by the one hill of each bucket were
also recorded. The panicles were hand-threshed and
separated into filled and unfilled grain groupings to obtain
numberof grains per panicle. Length of panicle was measured
by using a 30-cm stick and filled grains were weighed.
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Table 2: Applications of treatments following MADA recommended timing which was at 15, 35, 55 and 75 days after sowing (DAS)

Actual fertilization in pot (gm 0.078 m~?)

Treatments DAS Fertilizer type Urea P,0s K,O MgO
T1 (150 kg N ha™") 15 Fertilizer mixture 17.5:15.5:10 1.070 0.967 0.468 NA

35 Urea 0.359 NA

55 Fertilizer mixture 12:12:17:2 0.356 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.356 0.364 0.390 0.027
T2 (30 kg N ha'+BC) 15 Fertilizer mixture 17.5:15.5:10 0.209 0.967 0.468 NA

35 Urea 0.072 NA

55 Fertilizer mixture 12:12:17:2 0.071 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.071 0.364 0.390 0.027
T3 (60 kg N ha=—'+BC) 15 Fertilizer mixture 17.5:15.5:10 0418 0.967 0.468 NA

35 Urea 0.144 NA

55 Fertilizer mixture 12:12:17:2 0.142 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.142 0.364 0.390 0.027
T4 (90 kg N ha="'+BC) 15 Fertilizer mixture 17.5:15.5:10 0.627 0.9672 0.468 NA

35 Urea 0.215 NA

55 Fertilizer mixture 12:12:17:2 0.214 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.214 0.364 0.390 0.027
T5 (120 kg N ha='+BC) 15 Fertilizer mixture 17.5:15.5:10 0.836 0.9672 0.468 NA

35 Urea 0.287 NA

55 Fertilizer mixture 12:12:17:2 0.285 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.285 0.364 0.390 0.027
T6 (150 kg N ha='+BC) 15 Fertilizer mixture 17.5:15.5:10 1.07 0.9672 0.468 NA

35 Urea 0.359 NA

55 Fertilizer mixture 12:12:17:2 0.356 0.364 0.390 0.027

75 Fertilizer mixture 12:12:17:2 0.356 0.364 0.390 0.027

NA: Not applicable

Statistical analysis: The growth parameters and vyield
attributes data were tested for the N and biochar treatment
effects (p<0.05) using the two-way ANOVA in PROC ANOVA in
SAS Ver. 9.4 (SAS Institute, 2013). Differences in treatments
means were compared by using least significant difference
(LSD) at p<0.05.

RESULTS

Leaf area: All biochar treated plants had significantly the
same leaf area as the control plants in week 2 and 6 after
transplanting. Only at week 10 after transplanting, all
biochar treated plants had significantly higher leaf area
than the control (150 kg N ha='), with the exception of T2
(30 kg N ha='+BC) which was significantly comparable to the
control (Table 3).

Plant height: In week 2 after transplanting, the plant height
of T3 (30 kg N ha='+BC) and T6 (150 kg N ha='+BC) had
significantly higher plant height compared to the control.
However, at week 6 and 10, the trend completely changed;
the N and biochar combined treatments failed to induce
plants with statistically higher plant heights in comparison to
the control (Table 3).
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Relative chlorophyll content: Treatment 4 (90 kg N ha='+BC)
and T5 (120 kg N ha='+BC) had significantly higher relative
chlorophyll content values at week 2 after transplanting.
At week 6 after transplanting, all of the biochar combined
treatments successfully produced plants with higher relative
chlorophyll content values than the control specimens. At 10
weeks after transplanting, only the T5 had significantly higher
relative chlorophyll content values than the control (Table 3).

Tiller number: All biochar combined treatments produced
statistically insignificant tiller number compared to the control
at week 2 after transplanting. Only at week 6 and 10 were
significant differences observed between the N and biochar
treatments and control: T6 (150 kg N ha='+BC) at week 6 and
T3 to T6 week 10 after transplanting (60-150 kg N ha='+B(),
respectively (Table 3).

Stomatal conductance: Similar to the leaf area and tiller
number at week 2, stomatal conductance measured during
this period were also insignificantly different from each other.
The trend continued at week 6 and 10, where stomatal
conductance readings of different treatments were statistically
comparable (Table 3).
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Table 3: Treatments effects on leaf area, plant height, relative chlorophyll content and stomatal conductance on week 2, 6, 10 after transplanting

Leaf area Plant height Relative chlorophyll Stomatal conductance

Treatments (cm?) (cm) content (SPAD unit) Tiller number (mmol m—2sec™)
Week 2
T1 (150 kg N ha™") 24.8° 41.6< 34.3° 3.3 295.4°
T2 (30 kg N ha='+BC) 23.7° 41.7¢ 32.9¢ 3.0° 294.9°
T3 (60 kg N ha='+BC) 25.72 44.7% 34.0° 3.52 275.9%
T4 (90 kg N ha='+BC) 24.7° 40.04 36.2° 3.5 279.9%
T5 (120 kg N ha='+BC) 25.0° 43.5b¢ 35.5° 3.0 227.6°
T6 (150 kg N ha="'+BC) 24.7° 46.9° 34.5° 3.3 268.2%
LSD at 5% 2.90 2.29 0.72 0.64 55.01
Week 6
T1 (150 kg N ha™") 64.0% 83.3% 40.6¢ 8.5° 430.3°
T2 (30 kg N ha='+BC) 63.2° 78.8¢ 43.0%® 7.5¢ 437.3°
T3 (60 kg N ha='+BC) 62.8° 80.45 42.6° 8.0 379.5%
T4 (90 kg N ha='+BC) 64.5% 81.3%¢ 43.72 8.5° 419.5
T5 (120 kg N ha='+BC) 66. 5% 84.1% 440° 8.5° 347.7°
T6 (150 kg N ha="'+BC) 67.5° 85.0° 43.2% 9.52 423.6°
LSD at 5% 3.76 430 1.07 0.91 60.06
Week 10
T1 (150 kg N ha™") 68.7¢ 99.6% 48.1° 10.8<¢ 392.5°
T2 (30 kg N ha='+BC) 70.95 97.3° 48.6% 9.54 386.0°
T3 (60 kg N ha='+BC) 75.12 105.0° 48.1° 12.3° 372.4°
T4 (90 kg N ha='+BC) 76.8° 97.3° 48.7° 12.0° 376.7°
T5 (120 kg N ha='+BC) 77.4° 104.8* 49.7° 12.0° 359.5°
T6 (150 kg N ha="'+BC) 74.2% 106.32 493 14.0° 391.2¢
LSD at 5% 4.06 7.33 1.24 1.47 78.04
Means followed by the same letter within the same column are not significantly-different (p>0.05) using LSD
Table 4: Treatments effects on yield attributes of rice plant at harvesting (110 days)

Panicle per Panicle length Grain per Thousand grain Straw yield Grain yield Increased grain yield
Treatments hill (cm) panicle weight (g) per hill (g) per hill (g) over control (%)
T1 (150 kg N ha™") 10.0¢ 22.5b¢ 66% 23.1¢ 23.4b¢ 15.9¢ 0°
T2 (30 kg N ha=' + BQ) 9.0¢ 21.8¢ 64.8° 23.9° 21.1¢ 14.0¢ -11.64
T3 (60 kg N ha™" + BC) 12.0° 22.75 66.6° 24.3° 25.0%® 19.1° 20.7¢
T4 (90 kg N ha=" + BC) 11.3° 23.5% 66.9° 2542 24.5% 19.2° 2122
T5 (120 kg N ha=" + BC) 11.5% 24.5° 67.2° 25.9° 25.0%® 19.2° 21.12
T6 (150 kg N ha=" + BC) 10.3¢ 22.6 66.5° 23.2¢ 26.3° 16.4° 330
LSD at 5% 0.57 1.11 1.58 0.56 232 0.36 2.29

Means followed by the same letter within same column are not significantly-different (p>0.05) using LSD

Yield attributes: The combination of N and biochar
treatments significantly affected grain yield and other yield
attributes (Table 4). The N fertilizer rates ranged from
60-150 kg N ha~" with biochar (T3 to T6) successfully induced
higher yield attributes such as panicle per hill, panicle length,
thousand grain weight and grain yield compared to the
control. Treatment 3 (60 kg N ha='+BC) had the highest
panicle per hill among all treatments. In contrast, panicle
length was highestinT5 (120 kg N ha='+BC). Grain per panicle
and straw yield per hill shared a similar trend in which all
biochar treated soil with increasing N fertilizer rate had
significantly higher grain per panicle and straw yield per hill
compared to the 30 kg N ha="+BC. Increasing N fertilizer rate
from 60-120 kg N ha='+BC produced significantly higher
and similar grain yields per hill. The increment found in
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60-120 kg N ha™" + BC treatments was almost 20% more than
the over control. In general, T2 remained the lowest amongst
other treatments for most yield attributes.

DISCUSSION

In this experiment, rice plants treated with N fertilizer and
biochar treatments exceptfor T2 (30 kg N ha='+BC) performed
better in terms of leaf area, plant height, SPAD value and
tiller number in comparison to the control. Previously,
Kamara et a/'® reported that rice plant height, tiller number,
dry biomass and yield were improved by sole rice straw
biocharapplications after eight weeks of planting. The positive
effects of biochar on the plant growth parameters could be
explained through the supplementary nutrients available from
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the biochar per se?, for instance, Peng et a/2*and Wu et al.
demonstrated that rice straw biochar contains nutrients
beneficial for plants such as N, C and Si. The other possible
mechanism for these positive effects of biochar is via the
increased availability of soil nutrient whereby biochar
addition into the soil was found to improve soil properties?6?,
Zhao et al?® stated that the addition of biochar could
neutralize soil pH and increase CEC, which consequently
promotes soil nutrient availability. In addition, Peng et a/*
demonstrated that the amendment of 1% biochar increased
pH and CEC as well as soil fertility for short terms. This study
finding, however, was in contrast with Xie et a/?°, who found
non-significant effects of wheat straw biochar on rice biomass
andyield in both fertile and infertile soils. This contrary finding
is perhaps due to the high application of P fertilizer, which
might influence the chemical properties of the applied
biochar.

The application of rice straw biochar with different N
fertilizer rates was found to illustrate positive effects rice plant
growth parameters and yield attributes over the control
treatmentorfarmers’ practice. Biochar addition to the reduced
N rates of 60, 90 and 120 kg N ha~" resulted in a 20%
improvement of grain yield plus strong responses from yield
attributes such as panicle per hill, panicle length, grain per
panicle and thousand grain weight. This finding was similar to
the previous study by Gathorne-Hardy et a/*® on the
combined application of 50% biocharand 80% N ha=" fertilizer
that increased barley yield up to 30%. This finding was
consistent with Peng et a/*, who showed that the application
of rice straw biochar could increase rice yield by 64% and
up to 146% with the addition of NPK fertilizer, despite yield
improvements being lower. Similarly, Zheng et a/*' observed
biochar from wood chips and corn cobs combined with a 50%
N fertilizer treatment increased corn yield up to 54 and 39%,
respectively. Zhang et a/* also reported that wheat straw
biochar combined with 300 kg N fertilizer ha=" resulted in rice
yield increments from 9-28 % in two subsequent seasons. The
increased grain yield over the control group in these
treatments again was attributed to the improved soil qualities
and increased nutrient uptake for rice growth and yield, as
above mentioned. Nonetheless, Vinh et a/* demonstrated
that while the combination of 2.5 t ha~" biochar produced
from rice straw, bamboo and tree branches with NPK fertilizer
increased rice yield, the application of biochar alone had a
negative yield reduction effect. Sui et a/** also noted the
absence of positive effects of rice straw biochar on rice yield,
regardless of N fertilization rate, which is a result possibly due
to low temperature region where grain productivity was
suppressed.
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At week 10 after transplanting, T5 (120 kg N ha="+BC)
resulted in better plant growth performance than the other
treatments, especially in terms of plant height, relative
chlorophyll content and stomatal conductance. Based on the
current study, rice straw biochar conserved N fertilizer
compared to the control (farmer’s practice) at the rate of
150 kg N ha™". It was also found that the increased yield over
the control was statistically insignificant between the 60, 90
and 120 kg N ha™" plus biochar treatments. Essentially, this
finding implies that biochar applications with reduced N rate
are an economically feasible and practical alternative to
current farmers’ practice. Steiner et a/*® earlier recommended
thatin the interest of increasing crop yield, generally, charcoal
should be applied supplementary to inorganic fertilizer. While
only 3% grain yield increased was found over the control
treatment for the 150 kg N ha='+BC, this treatment resulted in
the highest straw yield per hill. This finding supports those
of Zhao et al'8, who demonstrated that the seasonal addition
of 9 t ha™ rice straw biochar with the standard fertilizer rate
resulted in increased straw yield in both seasons but only
increased grain yield in the subsequent season. Excessive N
supply has been found to stimulate vegetative growth such as
over tillering®27 and thus promoted carbohydrates storage in
vegetative organs instead of harvesting organs. This also could
be also explained by de Melo Carvalho et a/*, who reported
that the surplus N fertilization could limit the capacity of rice
to relocate carbohydrate to fill developing grains.
Furthermore, Shukla et a/* stated that tall N plants had open
architectures panicles that consequently lead to lower grain
yield.

CONCLUSION

This study demonstrated that rice straw could be
transformed into a sustainable supplementary fertilizer in the
form of biochar forenhancing rice plant growth and seed yield
for farmers who had limited sources of inorganic fertilizer. We
recommended the application of a 120 kg N ha~'rate of
fertilization with the addition of 9 t ha™! rice straw biochar.
This practice will reduce the N application rate currently being
practiced by farmers by up to 20%. At this rate, significant
yield improvement up to 20% over farmer practice could be
obtained, mostly through improved characteristics of plant
growth such as plant height, leaf area, relative chlorophyll
contentand tiller number. The rate of 90 kg N ha=' can also be
considered due to insignificantly different yield performance
compared to the 120 kg N ha~', despite at this rate, lower
growth performance was observed. Further studies should be
conducted under field conditions to quantify the long-term
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benefits of rice straw biochar as a soil ameliorant. Moreover,
the residual effects of rice straw biochar and different N
fertilizer rates on sustainable rice productivity should be
considered.

SIGNIFICANCE STATEMENTS

This study discovered the possibility of utilizing organic
soil amendments, that is rice straw derived biochar, in saving
nitrogen (N) fertilization while promoting better growth and
yield attributes of rice. This study reveals the combined effects
of varying N fertilizer rate along with rice straw biochar on
plant growth and yield productivity. The findings can be
beneficial for agronomists as well as farmers in managing N
fertilization for grain crops. Thus, this study provided new
knowledge on the utilization of biochar in addition to the
chemical N fertilizer in rice production systems for promoting
economically feasible and practical nutrient management
practice.
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