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Red amaranth is a popular vegetable in Bangladesh because of its high nutritional value and
pleasant flavor. Efficient nitrogen (N) management is vital for sustainable crop production, but
conventional urea fertilizers often cause significant N losses. In recent years, organo-mineral
fertilizers (OMFs) have gained popularity for improving crop yield and soil fertility. This study
examined the effect of brown Coal Urea (BCU) as an organo-mineral N fertilizer, on growth,
fresh biomass yield, N use efficiency (NUE), and protein content of red amaranth (Amaranthus
tricolor L.). A pot experiment, conducted under a completely randomized design, assessed five
N application rates (0, 50, 75, 100, 150 kg N ha™) delivered through urea, DAP, BCU applied as
topdressing, and BCU applied as a basal treatment. The results showed that BCU treatment
significantly (p<0.05) improved all parameters compared to urea. The highest plant height and
fresh biomass yield were found with BCU basal application at 150 kg N ha™, while the greatest
NUE (77.29%) and FNUE (56.84%) were achieved at 50 kg N ha™. The improved performance
was attributed to slow-release and humic-rich nature of BCU, which enhances N retention and
uptake efficiency. Overall, BCU effectively increased yield and N efficiency in red amaranth,
highlighting its potential as a sustainable alternative to conventional fertilizers.
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INTRODUCTION

Red amaranth (Amaranthus tricolor) is widely cultivated as a veg-
etable in tropical and subtropical regions. It can be grown year-
round and reaches harvest maturity quickly, though the winter
season is most suitable for both vegetable and seed production.
In Bangladesh, red amaranth is highly popular for its rich nutri-
tion, pleasant taste, and high yield potential. The cultivation area
has gradually expanded in recent years, with production reach-
ing 61,096 metric tons in 2019-2020. As a pseudo-cereal crop,
it is valued for its nutritional and health-promoting properties
(Managa & Nemadodzi, 2023; Islam etal., 2024). The supply of
mineral nutrients during critical growth stages directly influ-
ences crop yield and quality. Nitrogen (N) is an essential element
for global agricultural production, and urea is the most common-

ly used N fertilizer (Cui etal., 2022). However, the efficiency of
Urea-N utilization is low-nearly 50% of applied N is lost through
leaching, runoff, denitrification, and volatilization—causing both
environmental pollution and economic loss (Liu et al., 2025).
Therefore, eco-friendly agricultural practices must improve
productivity while ensuring environmental, human, and animal
health. Enhancing N use efficiency (NUE) is crucial for reducing
N losses and improving yield and quality (Mustafa et al., 2022).
Efforts to minimize N loss include using slow- or controlled-
release N fertilizers, applying urease and nitrification inhibitors,
or combining organic and inorganic fertilizers (Gil-Ortiz et al.,
2020; Cuietal., 2022; Liu et al., 2025). The use of organic fertiliz-
ers has also gained popularity for producing organic crops (Islam
etal., 2024; Kumari et al., 2024; Zhao et al., 2024). Organic farm-
ing offers a sustainable alternative that promotes safe crop pro-
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duction, reduces dependence on synthetic fertilizers, and sup-
ports soil health through enhanced microbial activity. However,
their low nutrient content requires higher application rates, and
their variable composition makes precise nutrient management
difficult. Organo-mineral fertilizers (OMFs), produced by blend-
ing organic materials with mineral N fertilizers, have proven
more efficient than applying either source alone (Saha et al.,
2017; Uddin etal., 2023; Yeasmin et al., 2024). For instance, Shi
etal. (2020) reported that binding urea with biochar reduced N
release and leaching losses compared to commercial urea. These
fertilizers release N gradually to meet crop demand, minimize
leaching and gaseous losses, and improve overall NUE. Studies
have shown that such fertilizers outperform traditional organic
and inorganic types. Humic acid promotes root development,
biomass accumulation, and nutrient uptake by stimulating H*-
ATPase activity (Santos et al., 2025; Zandonadi et al., 2025).
Brown coal (BC) also contains functional groups such as phenol-
ic, carboxylic, and carbonyl, which further enhance soil fertility
and plant growth. Moreover, BC helps mitigate N losses by in-
hibiting urease activity, slowing urea hydrolysis, and reducing
ammonia volatilization (Maciejewska & Kwiatkowska-Malina,
2022). It can retain hydrolyzed urea-N as ammonium on acidic
exchange sites (Akimbekov et al., 2021; Lei et al., 2023). As per
current evidence, although several studies have examined the
combined use of brown coal and chemical fertilizers on crop
yield and quality, no research has yet investigated the granula-
tion of brown coal with urea and its impact on N use efficiency,
fertilizer N use efficiency, yield and biomass production of red
amaranth in Bangladesh. Therefore, this study aimed to assess
the impact of BC-based organo-mineral fertilizer on the growth,
fresh biomass production, N use efficiency, and fertilizer N use
efficiency of red amaranth in comparison with conventional
urea. It was hypothesized that combining BC with urea in granu-
lar form would improve N use efficiency, promote plant growth,
and increase fresh biomass yield by ensuring a prolonged availa-
bility of N to plants relative to urea fertilizer.

MATERIALS AND METHODS
Table 1. Physical and chemical properties of the experimental soil.
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Geographical location and climatic conditions

Geographically, the experimental site was positioned at 24°75’
N latitude and 90°50’ E longitude, with an altitude of 18 meters
above sea level. It belongs to the Old Brahmaputra Floodplain
Agro-Ecological Zone (AEZ-9), which is known for its Non-
calcareous Dark Grey Floodplain soil. The climate in this area is
sub-tropical, featuring high humidity, significant rainfall, and
moderate to high temperatures with longer daylight hours dur-
ing the Kharif season (April-September), and lower rainfall, re-
duced humidity, cooler temperatures, and shorter days during
the Rabi season (October-March). The soil used in the study was
sourced from the Bangladesh Agricultural University (BAU)
Farm, Mymensingh, and its physical and chemical characteristics
are detailed in Table 1.

Preparation of Brown Coal Urea (BCU) granules

The experiment utilized pre-prepared Brown Coal Urea (BCU)
granules, created using the pan granulation method (Saha etal.,
2017). This method involved mixing finely ground urea and
brown coal in a specific ratio to achieve an optimal C: N balance,
with wheat starch and molasses serving as binders. The granules
were dried at temperatures between 180-200°C to maintain a
moisture content of 4-5%. The BCU produced had an average size
of 3.43mm, a moisture content of 3.56%, and a crush strength of
6.69 kg, containing45.43% C,5.28% H,and 17.31% N.

Experimental design, treatments, and data collection

The experiment followed a Completely Randomized Design
(CRD) with five treatments and four replications, using Red Am-
aranth (Amaranthus tricolor L.) as a test crop. The BARI Lalshak-1
variety, certified by the Bangladesh Agricultural Development
Corporation (BADC), served as the planting material. The crop
was grown in a net house at the Department of Agricultural
Chemistry, BAU, Mymensingh. Each plastic pot, measuring 28
cm in height, 27 cm in top diameter, and 20 cm in bottom diame-
ter, was filled with 15 kg of processed soil, leaving about 3 cm of
space at the top for irrigation. Treatment details are provided in
Table 2. The standard N dose was calculated based on the N

Soil characteristics

Analytical value

Soil color Brownish grey

Texture Loam

Soil pH 6.73

Organic carbon (%) 0.78

Total N (%) 0.106

Available P (ppm) 15.7

Available S (ppm) 14.9

Exchangeable K (meq 100 g™) 0.14

Exchangeable Ca (meq 100g™?) 6.94

Exchangeable Mg (meq 100 g%) 2.95

Table 2. Treatment details.

S.No. Treatment symbol Rate of N (kgha) Source
1 No 0 Urea, DAP, BCU (TD), BCU (Basal)
2 Nso 50 Urea, DAP, BCU (TD), BCU (Basal)
3 N5 75 Urea, DAP, BCU (TD), BCU (Basal)
4 N100 100 Urea, DAP, BCU (TD), BCU (Basal)
5 N1s0 150 Urea, DAP, BCU (TD), BCU (Basal)

Total number of pots: 5 treatment “ 4 replication = 20; DAP= Di-Ammonium Phosphate; CU (TD) = Brown Coal Urea (Top Dressing); BCU (Basal) =

Brown Coal Urea (Basal).
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content of BCU and urea to maintain the desired N levels for
each treatment. Nitrogen was applied at rates of 0, 50, 75, 100,
and 150 kg N ha™ from BCU, urea, and diammonium phosphate
(DAP). Nitrogen fertilizers were applied in two equal portions-
half during soil preparation and the rest as top dressing at 2 in-
stallments at 20 and 30 days after sowing (DAS) to provide a con-
sistent supply of available N throughout the crop’s growth. Addition-
ally, phosphorus, potassium, and sulfur were applied as basal doses at
24, 40, and 6 kg ha™, respectively, from triple superphosphate
(TSP), muriate of potash (MoP), and gypsum, following the Ferti-
lizer Recommendation Guide. In each pot, around 80 red ama-
ranth seeds were evenly distributed, and after germination,
thinning was done to maintain a uniform plant density. Regular
intercultural practices, such as weeding, thinning, and watering,
were carried out as needed to promote optimal growth and de-
velopment of the crop until it was ready for harvest. The plants
were harvested 50 days after sowing (DAS), and their height
was measured in centimeters (cm) from the soil level to the tip
of the leaf. The fresh weight at harvest was measured with an
electric balance and reported as g plant™.

Analysis of leaf N content, uptake, and use efficiency parameters

Biomass protein content

The total N content in the leaf samples was analyzed using the
semi-micro Kjeldahl method (Yeoh & Wee, 1994). The leaf sam-
ples were oven-dried, finely ground, and digested with concen-
trated H,SO4in the presence of a catalyst mixture. The N in the
digest was distilled with NaOH, and the distillate was collected
in an H3BOj indicator solution, followed by titration with stand-
ard H,SO.. The total N content was utilized to calculate the pro-
tein content of the plant samples using the formula given by
Mariotti et al. (2008).

Protein (%) = Total N (%) x5.85

Nitrogen uptake by red amaranth was determined using the
method (Yoshida et al., 1971), where the dry biomass of the
plant was multiplied by the N concentration to estimate N
accumulation in plant tissues. Nitrogen uptake (g pot™) was
calculated as:

(N concentration (%) x Dry matter weight (g)
100

Nitrogen uptake (g pot™) =

Nitrogen Use Efficiency (NUE)

Plant nitrogen use efficiency (NUE) was evaluated following the
method of Moll et al. (1982), which measures how effectively the
crop converts the supplied N into yield. It was calculated as:

Yield (g) x 100

NUE (%) = N applied (g)

Fertilizer Nitrogen Use Efficiency (FNUE)

Fertilizer Nitrogen Use Efficiency (FNUE) was also calculated
following (Moll et al., 1982) to evaluate the proportion of applied
N recovered in the plant yield. FNUE was determined as:

(Yield of fertilized pot — Yield of control pot (g)) x 100
N applied (g)

ENUE (%) =

Statistical analysis

Statistical analysis was performed using IBM SPSS software
(version 20). Data normality was tested using the Kolmogorov-
Smirnov goodness of fit test, and the homogeneity of variances
was checked using the modified Levene’s test. Treatment means
were computed, and a two-way analysis of variance (ANOVA)
was conducted with fertilizer type and application rate as fac-
tors. When significant differences occurred, Tukey’s range test
was used for multiple mean comparisons at the 5% significance
level, following the methodology outlined by Gomez & Gomez
(1984).

RESULTS AND DISCUSSION

Plant height and fresh biomass

The height of the red amaranth plant was significantly (P < 0.05)
affected by different forms and rates of N (Figure 1) at harvest-
ing time. The maximum plant height was recorded 22.00 cm
from the application of BCU Basal @ 150Kgha™, followed by
18.25 cm, which was obtained by BCU basal application @
100kgha™. The lowest plant height was obtained from applica-
tion of control BCU TD, which was 6.5 cm. A significant variation
(P < 0.05) was also observed in fresh biomass yield per pot of
red amaranth for the interaction effect of different forms and
rates of N (Figure 2). The maximum fresh biomass yield per pot
was obtained for the application of BCU basal @ 150 kgh™,
which was 162.42 g. On the other hand, the minimum biomass
yield per pot was recorded as 17.31 g for the control urea appli-
cation. The application of different forms and rates of N signifi-
cantly affected plant height and fresh biomass yield per pot.
Among the different forms and rates, BCU @ 150 kgha™ pro-
duced the highest height (22.00 cm) and fresh biomass yield per
pot (162.42g). These results are consistent with previous stud-
ies, which stated that the addition of BC (or humic acids) in-
creases the growth of various crops (Karimi et al., 2020; Olaetx-
ea et al.,, 2020; Ampong et al., 2022). The current study found
that the height of red amaranth is proportionate to increasing N
amount among different treatments. Similar results were found
by Zaman et al. (2021) and Managa & Nemadodzi (2023). The
improved height and fresh biomass might be due to higher N
uptake and more available nutrient in soil. Jing et al. (2022)
showed that the BC (or humic acid) can produce stable complex
with urea and can provide more functional group and can im-
prove the overall growth of plant. Similarly, Yeasmin et al.
(2024) found that organo-mineral urea derived from poultry
manure can boost growth of baby corn.

Effect of different forms and rates of N on biomass protein
content

Different forms and rates induced significant (P < 0.05) varia-
tion in biomass protein content (%) (Figure 3), which ranged
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from 11.95% to 20.67%. The maximum protein content was
recorded for the application of BCU basal @ 100 Kg N ha™, while
the lowest protein content was obtained from the application of
control urea, DAP, BCU TD, and basal application, which were
statistically indifferent. A Similar result was recorded by Efthim-
iadou et al. (2022) in maize. It may be due to two aspects, firstly
the improvement of N concentration in plants; N is considered a
vital component of the proteins and protein-carrying com-
pounds (Beig et al., 2020). Secondly higher biomass along with
available N in BCU treated plant compared to commercial urea.
Zhao etal. (2022) found similar result for biochar-based fertiliz-
er in maize and Chinese cabbage plant. Due to BCU'’s large sur-
face area and great cation exchange capacity, it releases N slow-
ly compared to Urea or DAP. On the other hand, BC (or humic
acid) can also reduce the disaggregating effect cyclic wetting
and drying, giving the structural stability to soil. Again, the BC is
rich in phenolic and carboxylic functional group that provides
reactive sites and pH buffering of soil. Resulting in greater re-
tention of NH,"and reduction in N leaching loss (Akimbekov
etal., 2021; Saha et al., 2023). This may have helped to improve
the synchronization between N demand of plant and the supply
of N enhancing protein synthesis (Lei et al., 2023).

Effect of different forms and rates of N on NUE and FNUE

The NUE was significantly (P < 0.05) affected by the application
of different forms and rates of N (Figure 4). The highest NUE
(77.29%) was recorded for the application of BCU basal @ 50 kg
ha™. In contrast, the lowest value (36.35%) was obtained from
the urea @ 150 kg ha* application. Again, for different forms
and rates of N application, a significant (P < 0.05) shift in values
for fertilizer N use efficiency (FNUE) was observed (Figure 5).
The maximum FNUE (56.84%) was documented for the applica-
tion of BCU basal @ 50 kg ha'l; alternatively, the minimum value
(31.00%) was observed for the application of urea @ 150 kg ha™.
This study showed that the BCU basal application @ 50 kg ha™
has a significant effect on both NUE and FNUE. It increased NUE
and FNUE by 29.53% and 32.01% respectively, compared to
urea fertilizer. This may be attributed to higher N uptake, en-
hanced biomass, and improved protein content. Additionally, BC
might increase the retention rate and availability of N of urea
compared to urea. This results in increased NUE and FNUE of red
amaranth. This finding aligns with earlier research of Zhao
et al. (2023) who suggested that using organo-mineral urea can
improve NUE by 58.56%. This study demonstrates that approxi-
mately 60% BCU can effectively replace 100% urea without
reducing yield, a finding that aligns with the earlier results report-
ed by Saha etal. (2021). BCU (or humic-acid-coated urea) is also
recognized for enhancing soil microbial activity, which in turn in-
creases nutrient availability to plants. It also prevents nutrients
from binding with metals (Yang et al., 2021). As a result, crop yield,
NUE, and FNUE are improved. Similar result was found by Uddin et
al. (2023), who stated that, oregano-mineral fertilizer developed
from peat soil increased NUE and FNUE for baby corn. Findings of
Ibrahim et al. (2023) also align with the statement who suggested
that MgO-modified urea has higher NUE to commercial urea.
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Figure 1. Effect of different forms and rates of N on plant height of red ama-
ranth at harvesting. All presented values represent mean and tstandard error
among the replicates (n = 4).
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Figure 2. Effect of different forms and rates of N on fresh biomass yield of red
amaranth. Bars with different letters differ significantly according to Tukey-
test at P < 0.05and the error bars indicate the standard error among repli-
cates (n=4).
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Figure 3. Effect of different forms and rates of N on biomass protein con-
tent of red amaranth. Bars with different letters differ significantly accord-
ing to Tukey-test at P < 0.05and the error bars indicate the standard error
among replicates (n=4).
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Figure 4. Effect of different forms and rates of N on N use efficiency (NUE)
of red amaranth. Bars with different letters differ significantly according to
Tukey-test at P < 0.05and the error bars indicate the standard error
among replicates (n=4).
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Figure 5. Effect of different forms and rates of N on fertilizer nitrogen use
efficiency (FNUE) of red amaranth. Bars with different letters differ signifi-
cantly according to Tukey-test at P < 0.05and the error bars indicate the
standard error among replicates (n=4).

Conclusion

Maintaining agricultural sustainability while increasing produc-
tion is absolutely crucial for modern agriculture. Organo-mineral
fertilizer has the potential to be a transformative technological
improvement in this regard. In this study, different forms and
rates of BCU fertilizer used as OMF significantly influenced the
height, fresh biomass, biomass protein content, and NUE as well
as FNUE of red amaranth. Among the different form and rates of
fertilizers, BCU produced the highest plant height, fresh biomass
and protein content in red amaranth. Around 29.53% and
32.01% greater NUE and FNUE respectively, found in BCU com-
pared to commercial urea fertilizer. The findings align with earli-
er research showing that incorporating organic substances, such
as brown coal, into commercial urea through granulation sub-
stantially improves its efficiency.

ACKNOWLEDGEMENTS

The author acknowledges the Ministry of Science and Technolo-
gy, Government of the People's Republic of Bangladesh, for
financial support to carry out this experiment successfully (Grant
number: BS-31).

DECLARATIONS

Author contributions statement: Conceptualization, T.P,, S.Y.E.,
D.A,KMM,SS.J, M.D. and B.K.S.; Methodology, T.P.,S.Y.E. and
B.K.S.; Formal analysis, T.P., S.Y.E., S.5.J. and M.D.; Investigation,
T.P.,S.Y.E. and D.A;; Resources, K.M.M. and B.K.S.; Data curation,
T.P,S.Y.E., KM.M. and B.K.S.; Writing - original draft, T.P., S.Y.E.
and D.A.; Writing - review & editing, KM.M,, S.S.J., M.D. and
B.K.S.; Visualization, KM.M. and B.K.S.; Supervision, KM.M. and
B.K.S.; Project administration, KM.M. and B.K.S.; Funding acqui-
sition, B.K.S. and KM.M.; Software, S.Y.E., D.A., KM.M,,S.S.J. and
M.D.; Validation, KM.M. and B.K.S. All authors have read and
agreed to the published version of the manuscript.

Conflicts of interest: The authors declare that there are no con-
flicts of interest regarding the publication of this manuscript.

Tanushry Paul et al. /Arch. Agric. Environ. Sci., 10(4): 652-657 (2025)

Ethics approval: This study did not involve any animal or human
participant and thus ethical approval was not applicable.

Consent for publication: All co-authors gave their consent to
publish this paper in AAES.

Data availability: The data that support the findings of this
study are available on request from the corresponding author.

Supplementary data: No supplementary data is available for the
paper.

Funding statement: Not applicable.

Additional information: No additional information is available
for this paper.

Open Access: This is an open access article distributed under
the terms of the Creative Commons Attribution Non-
Commercial 4.0 International License, which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided
the original author(s) or sources are credited.

Publisher's Note: Agro Environ Media (AESA) remains neutral
with regard to jurisdictional claims in published maps, figures
and institutional affiliations.

REFERENCES

Akimbekov, N. S., Digel, |., Tastambek, K. T., Sherelkhan, D. K., Jussupova, D. B., &
Altynbay, N. P. (2021). Low-rank coal as a source of humic substances for soil
amendment and fertility management. Agriculture, 11(12), 1261.
https://doi.org/10.3390/agriculture11121261

Ampong, K., Thilakaranthna, M. S., & Gorim, L. Y. (2022). Understanding the role of
humic acids on crop performance and soil health. Frontiers in Agronomy, 4,
848621. https://doi.org/10.3389/fagro.2022.848621

Beig, B., Niazi, M. B. K., Jahan, Z., Hussain, A,, Zia, M. H., & Mehran, M. T. (2020).
Coating materials for slow release of nitrogen from urea fertilizer: A review.
Journal of Plant Nutrition, 43(10), 1510-1533.
https://doi.org/10.1080/01904167.2020.1744647

Cui, X,, Wang, J.,, Wang, J.,, Li, Y., Lou, Y., Zhuge, Y., & Dong, Y. (2022). Soil available
nitrogen and yield effect under different combinations of urease/nitrate
inhibitor in wheat/maize rotation system. Agronomy, 12(8), 1888.
https://doi.org/10.3390/agronomy12081888

Efthimiadou, A., Sparangis, P., Leonidakis, D., Kasimatis, C.-N., Kakabouki, I., My-
lonas, I., Ninou, E., Gianniotis, P., & Katsenios, N. (2022). Comparative evalu-
ation of mineral and organo-mineral nitrogen fertilization and the role of
amino acids as plant growth promoters in maize cultivation. Agronomy, 12
(11), 2638. https://doi.org/10.3390/agronomy12112638

Gil-Ortiz, R., Naranjo, M. A, Ruiz-Navarro, A, Atares, S., Garcia, C., Zotarelli, L., San
Bautista, A., & Vicente, O. (2020). Enhanced agronomic efficiency using a
new controlled-released, polymeric-coated nitrogen fertilizer in rice. Plants,
9(9), 1183. https://doi.org/10.3390/plants9091183

Gomez, K. A, & Gomez, A. A. (1984). Statistical procedures for agricultural research.
John wiley & sons.

Ibrahim, M. M, Wu, F., Chen, Y., Liu, D., Zhang, W., He, Z.,Hou, E., Xing, S., & Mao, Y.
(2023). Impacts of MgO-and sepiolite-biochar composites on N-partitioning
and dynamics of N-cycling bacteria in a soil-maize system: A field-based 15N
-urea tracer study. Geoderma, 429, 116236. https://doi.org/10.1016/
j.geoderma.2022.116236

Islam, S. S., Anik, R. B., Hasan, A. K., Karim, R., & Khomphet, T. (2024). Impacts of
vermicompost and farmyard manure as organic fertilizer with biochar



https://doi.org/10.3389/fagro.2022.848621

Tanushry Paul et al. /Arch. Agric. Environ. Sci., 10(4): 652-657 (2025)

amendment on soil quality, growth and yield of sunflower. Indian Journal of
Agricultural Research, 58(4). https://doi.org/10.18805/1JARe.AF-848

Jing, J., Zhang, S., Yuan, L, Li, Y., Zhang, Y., Wen, Y., & Zhao, B. (2022). Humic acid
complex formation with urea alters its structure and enhances biomass pro-
duction in hydroponic maize. Journal of the Science of Food and Agriculture, 102
(9), 3636-3643. https://doi.org/10.1002/jsfa.11710

Karimi, E., Shirmardi, M., Dehestani Ardakani, M., Gholamnezhad, J., & Zarebanad-
kouki, M. (2020). The effect of humic acid and biochar on growth and
nutrients uptake of calendula (Calendula officinalis L.). Communications in Soil
Science and Plant Analysis, 51(12), 1658-1669.
https://doi.org/10.1080/00103624.2020.1791157

Kumari, M., Sheoran, S., Prakash, D., Yadav, D. B., Yadav, P. K., & Jat, M. K. (2024).
Long-term application of organic manures and chemical fertilizers improve
the organic carbon and microbiological properties of soil under pearl millet-
wheat cropping system in North-Western Heliyon, 10(3).
https://doi.org/10.1016/j.heliyon.2024.e25333

Lei, H., Lian, Y., Kyaw, P. E. E., Bai, M,, Leghari, S. J,, Pan, H., Xiao, Z., & Chen, D.
(2023). Using 15N Isotope to Evaluate the Effect of Brown Coal Application
on the Nitrogen Fate in the Soil-Plant System. Agronomy, 13(1), 263.
https://doi.org/10.3390/agronomy 13010263

Liu, Y., Hu, L., Zhang, S., Yao, Z., Zhou, M., & Zhu, B. (2025). Organic-Inorganic Ferti-
lization Sustains Crop Yields While Mitigating N,O and NO Emissions in
Subtropical ~ Wheat-Maize  Systems.  Agriculture, 15(10), 1108.
https://doi.org/10.3390/agriculture15101108

Maciejewska, A., & Kwiatkowska-Malina, J. (2022). Elucidating the effect and mech-
anism of the brown coal-based amendment on plant availability of zinc, lead
and cadmium in a Haplic Luvisols. Environmental Science and Pollution Research,
29(16),23383-23391. https://doi.org/10.1007/s11356-021-17424-3

Managa, G. M., & Nemadodzi, L. E. (2023). Comparison of agronomic parameters
and nutritional composition on red and green amaranth species grown in
open field versus greenhouse environment. Agriculture, 13(3), 685.
https://doi.org/10.3390/agriculture13030685

Mariotti, F., Tomé, D., & Mirand, P. P. (2008). Converting nitrogen into protein—
beyond 6.25 and Jones' factors. Critical Reviews in Food Science and Nutrition,
48(2),177-184. https://doi.org/10.1080/10408390701279749

Moll, R, Kamprath, E., & Jackson, W. (1982). Analysis and interpretation of factors which
contribute to efficiency of nitrogen utilization 1. Agronomy Journal, 74(3), 562-564.
https://doi.org/10.2134/agronj1982.00021962007400030037x

Mustafa, A, Athar, F., Khan, I., Chattha, M. U., Nawaz, M., Shah, A. N., Mahmood, A,,
Batool, M., Aslam, M. T., & Jaremko, M. (2022). Improving crop productivity
and nitrogen use efficiency using sulfur and zinc-coated urea: A review. Fron-
tiers in Plant Science, 13, 942384. https://doi.org/10.3389/fpls.2022.942384

Olaetxea, M., Mora, V., Baigorri, R., Zamarreno, A. M., & Garcia-Mina, J. M. (2020).
The singular molecular conformation of humic acids in solution influences
their ability to enhance root hydraulic conductivity and plant growth. Mole-
cules, 26(1), 7-10. https://doi.org/10.3390/molecules26010003

Saha, B. K., Rose, M. T,, Van Zwieten, L, Wong, V. N., & Patti, A. F. (2021). Slow
release brown coal-urea fertilizer potentially influences greenhouse gas
emissions, nitrogen use efficiency, and sweet corn yield in oxisol. ACS Agricul-
tural Science & Technology, 1(5), 469-478. https://doi.org/10.1021/
acsagscitech.1c00082

Saha, B. K., Rose, M. T, Van Zwieten, L., Wong, V. N., Rose, T. J., & Patti, A. F. (2023).
Fate and recovery of nitrogen applied as slow release brown coal-urea in field

India.

657

microcosms: 15 N tracer study. Environmental Science: Processes & Impacts, 25
(3), 648-658. https://doi.org/10.1039/D2EM00482H

Saha, B. K., Rose, M. T., Wong, V., Cavagnaro, T. R., & Patti, A. F. (2017). Hybrid
brown coal-urea fertiliser reduces nitrogen loss compared to urea alone.
Science of The Total Environment, 601-602, 1496-1504.
https://doi.org/10.1016/j.scitotenv.2017.05.270

Santos, M. P., Zupunski, M., Monda, H., Gralian, J., James, A., Grossmann, G., Lamar,
R. T., & Zandonadi, D. B. (2025). Humic acids modify root architecture in
Arabidopsis through H+-ATPase-dependent target of rapamycin activation
in concert with Ca2+ and ROS signaling. Chemical and Biological Technologies
in Agriculture, 12(1), 47. https://doi.org/10.1186/s40538-025-00764-4

Shi, W., Ju, Y., Bian, R, Li, L., Joseph, S., Mitchell, D. R. G., Munroe, P., Taherymoosa-
vi, S., & Pan, G. (2020). Biochar bound urea boosts plant growth and reduces
nitrogen leaching. Science of the Total Environment, 701, 134424,
https://doi.org/10.1016/j.scitotenv.2019.134424

Uddin, M. K., Yeasmin, S., Mohiuddin, K., Chowdhury, M. A. H., & Saha, B. K. (2023).
Peat-based organo-mineral fertilizer improves nitrogen use efficiency, soil
quality, and yield of baby corn (Zea mays L.). Sustainability, 15(11), 9086.
https://doi.org/10.3390/5u15119086

Yang, F., Sui, L., Tang, C., Li, J., Cheng, K., & Xue, Q. (2021). Sustainable advances on
phosphorus utilization in soil via addition of biochar and humic substances.
Science of the Total Environment, 768, 145106. https://doi.org/10.1016/
j.scitotenv.2021.145106

Yeasmin, S., Uddin, M. K., Chowdhury, M. A. H., Mohiuddin, K., & Saha, B. K. (2024).
Poultry manure-urea fertilizer potentially influences nitrogen use efficiency,
nutritional quality, and yield of baby corn (Zea mays L.). Journal of Agriculture
and Food Research, 18, 101409. https://doi.org/10.1016/j.jafr.2024.101409

Yeoh, H.H., & Wee, Y.C. (1994). Leaf protein contents and nitrogen-to-protein
conversion factors for 90 plant species. Food Chemistry, 49(3), 245-250.
https://doi.org/10.1016/0308-8146(94)90167-8

Yoshida, S., Forno, D. A., & Cock, J. H. (1971). Laboratory manual for physiological
studies of rice.

Zaman, H., Suchi, S., Tabassum, N., & Rahman, M. (2021). Response of growth,
biomass production and nutrient uptake of red amaranth (Amaranthus tricol-
or L.) to various organic manures and chemical fertilizers. Journal of Biodiver-
sity  Conservation and  Bioresource  Management, 7(2), 73-82.
https://doi.org/10.3329/jbcbm.v7i2.60152

Zandonadi, D. B., Monda, H., Gralian, J., James, A, Lamar, R. T., & Santos, M. P.
(2025). Humic acids as drivers of plant growth: regulating root development
and photobiology through redox modulation. Chemical and Biological Technol-
ogies in Agriculture, 12(1), 71. https://doi.org/10.1186/s40538-025-00789-9

Zhao, C., Gao, Z,, Liu, G,, Qian, Z., Jiang, Y., Li, G., Zhang, J., Xu, K., Dai, Q., & Guo, B.
(2023). Optimization of combining controlled-release urea of different re-
lease period and normal urea improved rice yield and nitrogen use efficiency.
Archives  of  Agronomy and  Soil  Science, 69(5), 821-834.
https://doi.org/10.1080/03650340.2022.2035369

Zhao, H., Xie, T., Xiao, H., & Gao, M. (2022). Biochar-based fertilizer improved crop
yields and N utilization efficiency in a maize-Chinese cabbage rotation sys-
tem. Agriculture, 12(7), 1030. https://doi.org/10.3390/agriculture12071030

Zhao,N.,Ma, J.,, Wu, L., Li, X., Xu, H., Zhang, J., Wang, X., Wang, Y., Bai, L., & Wang, Z.
(2024). Effect of organic manure on crop yield, soil properties, and economic
benefit in wheat-maize-sunflower rotation system, Hetao irrigation district.
Plants, 13(16), 2250. https://doi.org/10.3390/plants13162250

«



https://doi.org/10.1002/jsfa.11710
https://doi.org/10.3390/molecules26010003
https://doi.org/10.1039/D2EM00482H
https://doi.org/10.1016/j.scitotenv.2017.05.270
https://doi.org/10.1016/j.scitotenv.2019.134424
https://doi.org/10.1016/j.scitotenv.2021.145106
https://doi.org/10.1016/j.scitotenv.2021.145106
https://doi.org/https:/doi.org/10.1016/0308-8146(94)90167-8
https://doi.org/tps:/doi.org/10.3390/agriculture12071030

