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Integrated Nutrient Management (INM), which combines organic soil amendments with
synthetic fertilizers, is an important strategy for maintaining soil fertility and crop productivity.
The aim of this study was to evaluate the performance of wheat (var. Zinc Gahun-1) and
the post-harvest soil nitrogen dynamics under residual effects of organic amendments with

varied urea types and rates in Rupandehi, Nepal. A split plot experiment was conducted
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using Farmyard Manure (FYM) and biochar as main-plot factors and five urea treatments
with 100% Neem Coated Urea (NCU), 50% NCU, 100% Prilled Urea (PU), 50% PU and
a zero-urea (control) as sub-plot factors. Post-harvest soil total nitrogen (TN%) in topsoil
(0-15cm) and subsoil (15-30cm) was evaluated using the Kjeldhal apparatus alongside key
agronomic traits. The 100% NCU treatment yielded peak performance with 87.37cm plant

height, 202.8 tillers/m?, 43.2 grains/spike and 3.65 t ha* while, the control attributed 76.83cm
plant height, 184.98 tiller numbers/m?, 35.63 grains/spike and grain yield of 2.36 t ha*. 50%
NCU and 100% PU showed statistically similar performance in almost all variables. Soil total
nitrogen correlated strongly to topsoil (0- 15cm) at 0.099% compared to subsoil (15- 30cm) at
0.043%, indicating lower nitrate leaching. However, organic amendments showed negligible
statistical differences with slight numerical edge of biochar compared to FYM. Thus, this
indicated that farmers in terai of Nepal can effectively reduce the input costs for fertilizers
by substituting conventional prilled urea with neem coated urea for similar crop productivity
while maintaining organic amendments for long term soil health.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the third most vital cereal crop
in Nepal, covering 681,851 hectares in area and annual produc-
tion of 2,035,559 metric tons with majority of production in
terairegion (MoALD, 2025). Nitrogen(N) is an indispensable nu-
trient for wheat productivity and physiology, however Nitrogen
Use Efficiency (NUE) especially in rice-wheat cropping system
in Nepal remains low at 30-40%, which suggests more than
half of the applied Nitrogen is lost through volatilization and
leaching (Begho et al., 2025; Hafiza et al., 2025). As chemical
fertilizers are easy to handle and show quick plant response on
application along with increasing demand and lack of organic
alternatives, reliance on chemical fertilizers especially urea has
increased, reaching 259,542 mt in 2025 from 226,148 mt

in 2024 (MoALD, 2025). Farmers use urea in higher doses
without following the recommendations, usually only during
the basal application which leads to higher yield gaps and lower
fertilizer use efficiency (Devkota et al., 2018; Pandit et al., 2022).
Continuous and irrational application of synthetic fertilizers
along with inadequate organic inputs has resulted in soil health
degradation like soil acidification, environmental pollution with
reduced crop productivity causing financial constraints for
farmers (Duan et al., 2019; Anas et al.,, 2020; Yadav, 2024).
Similarly, acute fertilizer shortage especially urea during the
peak cropping season calls for search of better alternatives
(Khadka et al., 2025).

Integrated Nutrient Management (INM) which combines or-
ganic amendments like Farm Yard Manure and biochar with
enhanced efficiency fertilizers presents a viable and long term
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solution for degraded soil by reducing dependency on chemical
fertilizers and incorporation of organic sources (Tiwari et al.,
2009; Panta & Parajulee, 2021; Yimer & Tarwana, 2025). FYM,
the complex of macronutrients and micronutrients improves
microbial activity, soil aeration, water retention and nutrient
mobilization which ultimately improves the soil structure and
nutrient composition (Lamichhane et al., 2022; Sheoran et al.,
2024). Biochar, on the other hand, also called “black gold” has
porous structure and high charge density which helps in carbon
stability, balancing pH, increasing microbial activity and water
retention, thus restoring soil health (Abel et al., 2013; Herath
et al., 2013; Zhang et al., 2021). Combined application of FYM
and Biochar help in amelioration of poor and degraded soil by
transforming soil biological, chemical and physical properties in
a sustainable way which ultimately increases crop productivity
(Singh et al., 2019; Pandey et al., 2023; Dotaniya et al., 2024).
Additionally, slow release coated urea formulations such as
Neem Coated Urea (NUE) contain nitrification inhibitors which
helps to maintain supply of N throughout the crop cycle and
reduce losses due to volatilization and runoff (Ghafoor et dl.,
2021; Rehman et al., 2021; Pandit et al., 2022).

While prior studies have examined the effect of FYM, Biochar
or slow release urea independently, combined research includ-
ing residual effects of organic amendments along with varied
urea formulations is lacking particularly within the subtropical
terai region of Nepal. Hence, this study aims to evaluate the
carryover effects of FYM and Biochar with different urea
types and rates on post harvest soil total nitrogen and wheat
productivity to address the local productivity constraints and
soil degradation.

MATERIALS AND METHODS

Study area

The study was conducted at the Agronomy Farm of the Institute
of Agriculture and Animal Science (IAAS), Paklihawa campus,
Rupandehi district, Nepal. The site is geographically located
at 27°29’ 02’ ' N latitude and 83°27'17’ ' E longitude at an
altitude of 110 masl. The soil of the site is classified as sandy
loam with pH 6.32, Nitrogen % 0.0877% and 2.144% organic
matter showing medium fertility status. Wheat variety Zinc
Gahun-1, a biofortified variety was used which is adapted to
Terai agro-ecology.

Experimental design and treatment details

The experiment followed split plot design where the main
factor was organic amendments while the sub- plots were urea
types and rates (Figure 1). The study included 10 treatment
combinations, replicated 3 times with 30 treatment plots. The
total experiment field measured 30m x 17m with area of a
single plot 12m? and spacing of 1.5m space between replica-
tions, 1m between main plots and 0.5m between sub-plots.
Organic amendments (FYM and biochar) at the rate of 20
t/ha were applied two years earlier to the study and no fresh
additions were made during the experiment. Preparation of
biochar was done with majority of coconut waste and other
tropical agricultural byproducts while FYM was prepared by
composting available crop residues, cattle dung and livestock
bedding materials. There were five varying nitrogen levels used
in following doses at the recommended dose of 120: 40:40
NPK kg/ha. Urea was divided into three splits 50% at basal
application, 25% at tillering and 25% at booting stage.

T1: Farmyard Manure (FYM)
To: Biochar

t1: Control, no urea (NO)

to: 100% Recommended Dose of Nitrogen (RDN) as Prilled
Urea (PU100)

t3: 50% RDN as Prilled Urea (PU50)
t4: 100% RDN as Neem-Coated Urea (NCU100)
ts: 50% RDN as Neem-Coated Urea (NCU 50)

The total experiment field measured 30m x 17m with area
of a single plot 12m?and spacing of 1.5m space between
replications, 1m between main plots and 0.5m between sub-
plots.

Tt

|

| | [
| | 1
w] [ s [ ]
| | | L]

“ ]

‘ K ‘

Tt

22 13
FYM Biochar FYM Biochar FYM Biochar

Replication-1 Replication-2

30m

Replication-3

Figure 1. Split plot experimental layout used in the study.

Cultivation practices

The land was ploughed, levelled, irrigated and prepared ac-
cording to the previous layout. The recommended dose of
urea, DAP and Potassium were applied during the sowing. Line
sowing was followed by manually sowing at a seed rate of
140 kg/ha where seeds were placed in rows spaced at 20cm.
Weeding and irrigation was provided at regular intervals.

Data collection

Data were collected on wheat performance parameters: plant
height (cm) at maturity, number of tillers per square meter, num-
ber of grains per spike and grain yield (t/ha). After harvesting,
three random soil samples were collected using a soil sampling
hand auger from each plot at two different depths: surface layer
(0-15cm) and sub-surface layer (15-30cm). The soil samples
were composited for each plot, air-dried and sieved through a
2mm mesh sieve. Total nitrogen in soil was determined using
the Kjeldahl method (Bremner & Mulvaney, 1982).

Total Nitrogen % = [1.4007 n (S-B) *100] = W

Where, n = normality of acid, S = Sample after titration, B =
Blank after titration and W = weight of soil sample

Statistical analysis

Data collection, arrangement and organization was carried out
using Microsoft Office-Excel 2013. Data analysis was done
using Rstudio version 4.5.1 for Analysis of Variance (ANOVA)
to test main plot, sub-plot, and interaction effects. Mean
separation was done using the Least Significant Difference
(LSD) test at 5% and 1% levels of significance. The significance
of differences among treatment effects was tested by the ‘F’
test with p-value <0.05. Regression was employed to study
relationships between soil nitrogen content in varied depth and
wheat yield using MS excel.
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RESULTS AND DISCUSSION

Soil total nitrogen

During the study, soil total nitrogen (TN %) was comparatively
higher in topsoil (0-15cm) than subsoil (15-30 cm) for all factors.
TN in NCU100% plots ranged from 0.0990% at 0-15cm to
0.0427% at 15-30cm, while PU100% varied from 0.0801% in
topsoil to 0.0427% in subsoil. However, N level for control was
0.0643% and declined to 0.0364% in subsoil. This effectively
shows vertical stratification of N in soil attributed to surface
application of fertilizers, microbial activity and also due to
adsorption capacity of biochar ultimately mitigating nitrate
leaching (Li et al., 2023; Neupane & Kafle, 2025). The higher
TN content under NCU100% implies the effectiveness of neem
coating by slowing inorganic N release and reducing ammonia

and nitrate loss via volatilization and leaching (Ghafoor et al.,
2021). Likewise, Surekha et al. (2024) observed that neem
coated urea demonstrated nitrification inhibition with ammonia
retention in soil and reduced N loss. On the other hand,
the lower TN values in reduced urea treatments show that
replenishment of nutrients in soil was poor. Although the effect
of organic amendments along with the interactive effects on
TN was not statistically significant, biochar resulted in higher
levels in both topsoil (0.083%) and subsoil (0.042%) compared
to FYM, which yielded 0.0764% in topsoil and 0.0411% in the
subsoil. Khan et al. (2024) also observed similar results where
integrating biochar showed higher TN compared to FYM as N
source. This may also be due to the masking effect of synthetic
fertilizers over organic amendments in short-period.

Table 1. Wheat growth and yield response to organic amendments and nitrogen sources.

Treatment Plant height(cm) Tiller no/m? Grain/ spike Grain yield(t/ha)
Factor A

Biochar 83.40° 183.052 40.122 3.242
FYM 79.992 178.532 40.112 3.022
cv 2.8 6.3 5.8 9.5
Grand mean 81.69 180.79 40.11 3.13
F-test NS NS NS NS
LSD 3.59 17.92 3.63 0.46
SE(+) 0.59 2.94 0.59 0.07
Factor B

NO 76.83¢ 184.98P 35.63¢ 2.36d
NCU100% 87.37° 202.832 43.152 3.652
NCU50% 83.78b 177.46¢ 41.33¢ 3.25b¢
PU100% 83.71b 171.66°¢ 41.91b 3.36P
PU50% 76.78¢ 167.03¢ 38.56° 3.03¢
cv 3.1 7 7.1 5.8
Grand mean 81.69 180.79 40.11 3.13
F_test %k %k k k% *k k%%
LSD 3.11 15.04 3.47 0.22
SE(+) 1.03 5.13 1.15 0.07

Note: NS-Non significance (p>0.05), -significant (p<0.05), *-highly significant (p<0.01), ***- extremely highly significant (p<0.001), LSD- Least Significant Difference, SE-

Standard Error and CV-Coefficient of variance, (T/ha-tonnes per hectare).

Agronomical parameters of wheat

The results on agronomical parameters of wheat are given in
Tables 1, 2, 3. Application of urea significantly influenced all
evaluated wheat parameters, especially NCU showed superior
performance, by minimizing soil N losses and synchronizing
N availability with crop demand (Ghafoor et al., 2021; Abdel-
hamied et al., 2024). Notably, NCU applied at 50% performed
similar to PU100%, as a result of rapid N release and volatiliza-
tion and leaching loss, similar to findings of Ghafoor et al.
(2021). However, Biochar and FYM did not show significant
effects on wheat growth and vyield, likely attributed to their
structural stability and slow nutrient mineralization leading
to low immediate effect on crop performance. As supported
by Keller et al. (2023), improvements in soil structure, water
retention and microbial activity driven by biochar generally is
seen after sustained, multi-season application.

Table 2. Effect of organic amendments with varied urea
treatments.

Treatment TN %(0-15cm) TN %(15-30cm)
Factor A

Biochar 0.083? 0.0432
FYM 0.07642 0.04112
Ccv 18.12 19.077
Grand mean 0.0797 0.042
F-test NS NS

LSD 0.0227 0.0126
SE(+) 0.0037 0.0079
Factor B

NO 0.0643¢ 0.0364b
NCU100% 0.0990° 0.0427°2
NCU50% 0.08057b 0.04222b
PU100% 0.080164P 0.04272b
PU50% 0.0747b¢ 0.04112b
cv 11.81 13.40
Grand mean 0.0808 0.041
F-test o *

LSD 0.0115 0.0069
SE(+) 0.0038 0.0023

Note: NS-Non significance (p>0.05),

-significant (p<0.05), *-highly significant

(p<0.01), ***- extremely highly significant (p<0.001), LSD- Least Significant
Difference, SE- Standard Error and CV-Coefficient of variance.
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Table 3. Interaction between FYM, biochar and urea forms in
relation to soil total nitrogen in varied depths.

Interaction TN % (0-15 cm) TN% (15-30 cm)
Biochar: NO 0.0686¢ 0.0372b¢
Biochar: NCU100 0.10742 0.04943b
Biochar: NCU50 0.0821bc 0.04403bc
Biochar:PU100 0.0810bc 0.04392bc
Biochar:PU50 0.0761bcd 0.040542bc
FYM: NO 0.06004 0.0356°¢
FYM: NCU100 0.0905° 0.0466%0
FYM: NCU50 0.0790bc 0.04032bc
FYM:PU100 0.0793b¢ 0.04143bc
FYM:PU50 0.0732¢d 0.04182bc
CV% 11.81 18.4
Grand mean 0.07972 0.04207
F-test NS NS

LSD 0.0163 0.0097
SE(+) 0.0054 0.0032

Note: NS-Non significance (p>0.05), -significant (p<0.05), *-highly significant
(p<0.01), ***-  extremely highly significant (p<0.001), LSD- Least Significant
Difference, SE- Standard Error and CV-Coefficient of variance.

Plant height

Nitrogen treatments significantly increased plant height such
that tallest plants were recorded under NCU 100% (87.37cm).
NCU 50% showed similar plant height as PU 100% (83.78cm
and 83.71 cm) (Table 1). Previous findings support that neem
coated urea supported plant height and overall vegetative
growth compared to conventional urea (Aziz et al., 2025). In
contrast, plant height was not significantly affected by organic
amendments alone but biochar treated plots produced average
height of 83.40 cm while FYM treated plots averaged 79.99cm
showing 4.26% difference. It may be attributed to water and
nutrient retention of biochar, particularly nitrogen (Rehman et
al., 2021).

Tiller number

NCU100% produced the highest tiller number per unit area
(202.83), followed by NCU50% (177.46), PU100% (171.66),
PU50% (167.03), and control (184.98) (Table 1). The higher tiller
number for NCU100% may be due to continuous and steady
supply of nitrogen which helps tiller initiationand survival of the
tillers productively. Neem oil coating serves as a nitrification
inhibitor which slows the conversion of ammonium into nitrate,

y = 0,0165x + 0.0265
R*=0.4419

0.14
0.12

0.08 =¥ ®]

TM%

0.06
0.04
0.02

2 3 4

Grain yield

synchronizing N release with crop demand (Aziz et al., 2025).
Tiller number was slightly higher under biochar (183.05) than
FYM (178.53), but showed non-significance

Grain per spike

Grains per spike was almost identical under biochar (40.12)
and FYM (40.11), the highest number of grains per spikes
were observed under NCU100% (43.15), followed by PU100%
(41.91), NCU50% (41.33), PU50% (38.56), and control (35.63)
(Table 1). The positive effect of NCU100% on grains per spike
highlights the importance of consistent nitrogen availability
during reproductive stages for floret survival and grain set
(Rehman et al., 2021). Reduced nitrogen levels in PU50% or
control likely limited floret development, leading to fewer
grains per spike. Previous findings reveal the effectiveness of
coated urea compared to normal urea by Aziz et al. (2025) and
Ghafoor et al. (2021).

Grain yield

Grain yield was slightly higher under biochar (3.24 t ha=!)
than FYM (3.02 t ha=—!) while Nitrogen treatments significantly
influenced yield with NCU100% producing the highest yield
(3.65 t ha™1), followed by PU100% (3.36 t ha—!), NCU50%
(3.25 t ha™'), PU50% (3.03 t ha~!), and control (2.36 t
ha=!) (Table 1). Urea caused significant effects on all wheat
parameters especially, NCU slow-release urea showed superior
performance, synchronizing N availability with crop demand
also reported by Abdelhamied et al. (2024) and Rehman et
al. (2021). NCU50% showed almost similar performance as
PU100% due to fast release of N and loss during volatilization
and leaching as observed by Ghafoor et al. (2021) when NCU
performed better than uncoated urea. Regression analysis
revealed a strong positive relationship between grain yield
and post-harvest residual soil total nitrogen (TN%) within the
0-15cm depth profile (R?=0.44) and moderately at the depth
of 15-30cm (R?=0.40) (Figure 2). These findings of higher con-
centrations of soil nitrogen after crop harvest indicate nutrient
pool preservation for subsequent seasons. Slow mineralization
of organic amendments along with sustained inorganic nitrogen
sources of coated urea likely helped in crop yield and improved
soil nitrogen pool which is similar to findings of Aziz et al.
(2025).

y =0.0087x + 0.0147
R* = 04004
0.07
0.06
0.05
2 0.04
£

= 0.03
0.02
0.01
0

0 1 2 3 4 5

Grain yield

Figure 2. Regression analysis of grain yield and residual total nitrogen (TN%).
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Conclusion

This study conducted in Rupandehi, Nepal, demonstrated that
coated urea, particularly, full-dose neem coated urea (100%
NCU) was significantly superior compared to standard prilled
urea. NCU enhances major agronomic parameters of wheat in-
cluding plant height, tiller numbers, grain per spike and grain
yield while also maintaining soil total nitrogen. Full dose PU
achieved similar vegetative and grain performance as half dose
NCU, which proves that neem coating enhances NUE and lim-
its N losses. However, short-term and single season application
of FYM and Biochar produced no immediate effects or inter-
action effect with urea on wheat productivity and soil N. This
suggests that organic amendments require multi-season and
sustained implementation for nutrient mobilization. Biochar,
though not statistically significant, showed slight advantage
over FYM in nutrient retention due to its porous structure
and adsorption capacity. Furthermore, soil profile testing shows
residual N stratification within topsoil and subsoil, suggesting
nutrient capturing in topsoil as a result of reduced leaching
through slow release urea and biochar. This research confirms
that nutrient management strategy involving high efficiency fer-
tilizers like NCU presents an actionable and cost-effective path
for Nepalese farmers to increase crop productivity while also
conserving soil and reducing expensive fertilizers use. Moving
forward, multi-season field trials and tracking of real time crop
N uptake and losses are suggested to account for the effective-
ness of fertilizers for enhanced productivity and sustainable soil
health.
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