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Abstract: Field experiment on effect of replacing urea top dressing by nano urea on yield and quality of direct seeded rice (Oryza sativa L.)
under rainfed condition was conducted on clay soils during kharifseason, 2023 at Central Agricultural University, Iroisemba, Imphal to evaluate
the possibility of replacing urea top dressing by nano urea and its efficacy. Initial soil of the experimental field was acidic (pH 5.25). Replacing
urea top dressing by nano urea had significant effect on the yield attributing characters. Highest yield attributes were observed under top dress
(urea) at active tillering + nano urea (foliar spray) at panicle initiation + nano urea (foliar spray) at heading (T;). The nutrient uptake (NPK), in T
was the highest. On the basis of above findings, it can be inferred that foliar application of nano urea twice at panicle initiation and heading
stages can effectively replace urea top dressing at panicle initiation stage of crop growth.
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Rice (Oryza sativa L.) is the main staple food for over half
the population of the world producing highest next to wheat
with a record of 520.5 mt produced in 2022 (Anonymous,
2022). In India rice is grown in an area of 43.79 million ha™
producing 112.91 million tonnes with an average productivity
of 2578 kg ha” (Singh et al., 2020). Direct seeded rice is a
resource conservation technology and reduces water and
labor use by 50%. Productivity of DSR is 5-10% more than
the yield of transplanted rice. It is considered as prosperous
provided that there is good crop establishment and adequate
weed control methods by maintaining the crop free from
weeds (Rao et al., 2007, Rao and Nagamani 2007). Methane
gas emission is also lower in DSR than with conventionally
tilled transplanted puddle rice giving better option in the era of
climate change(Marasinietal., 2016).

Nitrogen continues to be the “kingpin” of the nutrient
kingdom and its management is a critical issue to be
addressed across the globe including in India. In recent
years, the input of chemical fertilizer is rising rapidly and N
and P have been overused in rice production, leading to not
only environmental pollution but also an increase in
production cost (Wang et al., 2020). Nevertheless, soil N
supply is often limited (Kumar et al., 2017), which forces
farmers to increase the amount of N fertilizers in order to
accomplish better crop yield. However, farmers may provoke
nitrogen over fertilization, which effect optimum plant
productivity as plants are not able to absorb the excess of N-
fertilizer(Shrestha et al., 2020). Since a major portion of
added N got lost through leaching, volatilization, and
denitrification, the N use efficiency of crops hardly exceeds

30-35% (Ladha et al., 2005). The primary target of nano
fertilizers in field of agronomy is to increase the plant nutrient
use efficiency and diminish losses of nutrients (Ingale et al.,
2013) and slowly and steadily release nutrients to the crop
as needed to boost crop output, enhance crop quality, and
raise the overall sustainability of agricultural systems,
(Tarafdar et al., 2014). Nano fertilizers also contribute to the
health of the soil by increasing soil organic carbon,
enhancing soil aggregation, and enhancing soil's capacity to
store water, (Rai etal., 2012). Nano fertilizers are ecologically
sound and were created with the same nutrient content and
application rates as inorganic fertilizers (Liu and Lal 2015).
Foliar application of nutrients can improve nutrient utilization
and minimizes environment pollution by reducing the amount
of fertilizers added to soil (Miah et al., 2017). It would be
exceptionally useful if we use nano fertilizer in rice crops to
limit the potential negative impacts realized by the broad
utilization of synthetic fertilizers without bargaining
production and nourishing advantages (Benzon et al., 2015).
With this background in view the present research was
conducted to study the effect of replacing urea top dressing
by nano urea on yield and quality of direct seeded rice (Oryza
satival.).

MATERIAL AND METHODS
Experiment site: The present research was conducted at
the Research field of College of Agriculture, CAU, Imphal
during kharif 2023 located in 24°45' N latitude and longitude
of 93°54' E with an altitude of 774.5 m above mean sea level.
The experimental area comes under the Eastern Himalayan
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Region (II) and the agro climatic zone is Sub Tropical Zone
(NEH-4) of Manipur (Experimental Agromet Advisory Service
ICAR Complex for NEH Region, Manipur Centre,
Lamphelpat, Imphal).

Soil status: The soil of the experimental field was clayey in
texture with pH of 5.25, containing organic carbon 1.43 %,
available N 275.34 kg ha”, P,0O, 16.89 kg ha™ and K,O 276.32
kgha (Table 1).

Treatment details: The study was replicated three times in
randomized block design with seven treatments viz., T,: Top
dress with urea at active tillering + top dress with urea at
panicle initiation, T,: Foliar spray with nano urea at active
tillering + foliar spray with nano urea at panicle initiation, T,:
Top dress with urea at active tillering + foliar spray with nano
urea at panicle initiation, T,: Foliar spray with nano urea at
active tillering + top dress with urea at panicle initiation, T.:
Foliar spray with nano urea at active tillering + foliar spray
with nano urea at panicle initiation + foliar spray with nano
urea at heading, T,: Top dress with urea at active tillering +
foliar spray with nano urea at panicle initiation + foliar spray
with nano urea at heading, T,: Foliar spray with nano urea at
active tillering + top dress with urea at panicle initiation + foliar
spray with nano urea at heading. All treatments are given
equal basal dose of NPK (20:40:30 kg ha™), urea top dressing
is given in two equal split doses at active tillering stage (35
DAS) and/or panicle initiation (50 DAS) @ 20kg N ha" each
as per treatment and foliar spray of nano urea is given at the
concentration of 0.4% as per treatment.

Yield attributes and parameters analysis

i.  Number of effective tillers hill" was determined by
counting panicle bearing tillers taken as effective
tillers from each plot. The tillers of the
representative samples were recorded in number
and the values averaged for each treatment.

ii. ~ Number of filled grains per panicle was determined
after harvest of the crop by counting the number of
filed grains from every ten panicles from five
selected sample plants and recording the mean

Table 1. Chemical properties of the experimental soil (initial)

Parameter Value Interpretation
pH 5.25 Acidic
Organic carbon (%) 1.43 High
Sand (%) 9.65 Clay soil
Silt (%) 15.68

Clay (%) 74.67

Available nitrogen (kg ha™) 275.34 Low
Available phosphorus (P,0,) (kg ha™) 16.89 Low
Available potassium (K,0) (kg ha™) 276.32 Medium

values as total filled grains for each treatment.

iii. Number of unfiled spikelets per panicle was
determined after the harvest of the crop by counting
the number of unfilled spikelets from every ten
panicles from five selected sample plants and mean
values were recorded as total filled grains from each
treatment.

iv. Spikelet sterility percentage was calculated as a
ratio between difference of total spikelets to filled
grains and total spikelets multiplied by 100 to get the
value in percentage.

Economical Yield (g/ha)
X

Harvest index (%) = ) ) )
Biological Yield (g/ha)

v. Test weight was determined by taking the weight of
1000 randomly selected filled grains in gram after
proper sun dry and recording for each plot.

vi. Grain yield (g/ha) was determined by weighing the
cleaned seeds threshed dried at 14% moisture
content after leaving the border rows in each plot.
Grain yield for each net plot was recorded in
kilogram and converted to quintal per hectare for
statistical analysis.

vii. Straw yield (g/ha) in kilogram was recorded after
proper sun drying of the straw separately for each
plot, and converted to quintal per hectare.

viii. Harvest index (%) was calculated as a ratio
between economic (grain) yield and biological yield
(grain + straw) of the harvested plants which was
introduced by Donald (1962).

Total number of spikelets-
) . Number of filled grains
Spikelet sterility (%) = x100
Total number of spikelets

Quality parameters analysis: Plant samples were collected
for nutrient content (NPK) at the harvest stage. Crop samples
at harvest were used for nutrient analysis. These samples
were dried and ground to a fine powder using a Willey mill and
used for the analysis of the uptake of nutrients by crop.

I. Nitrogen content (%) in the grain and stover were
assessed by the micro Kjeldhal method (Jackson,
1967) using a Kelplus N analyzer after digesting the
samples with H,SO, and H,0,.

ii. To analyse phosphorus content (%), one gram of
plant sample and 10 ml of di-acid mixture was
digested over a sand bath till a clear colourless
solution was obtained. Then a known volume of the
digested samples was taken for total phosphorus
content determination by adopting the Vanado
molybdophosphoric yellow color method as
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described by Jackson (1973).

iii. For analysis of potassium content (%) one gram of
plant sample was digested with di-acid to determine
the amount of potassium in plant samples.
Following this, 10 ml of the digested material was
taken in a volumetric flask and make up volume up
to 50 ml od distilled water. The total potassium
content was estimated by atomizing the diluted
digest to a calibrated flame photometer under
suitable measuring conditions as described by
Jackson (1973).

iv. For calculation of nutrient uptake (kg/ha) in grain
and stover, the respective percent content of
nitrogen in grain and stover were analyzed
separately and the uptake of nutrient by rice was
worked out for different treatments by multiplying
the nutrient content and dry matter yield of the rice
as given in the following formula.

Nutrient uptake (kg ha™) = Nutrient concentration (%) X
Dry matterYield (kg/ha)

RESULTS AND DISCUSSION
Effects of top dressing of nano urea on the yield
attributes and parameters: The replacing urea top dressing
by nano urea at different stages of crop growth had a
significant effect on the yield attributes and parameters
(Table 2). However, there was no significant effect of the
treatments on test weight (g) and harvest index (%). T,
produced highest number of effective tillers hill" (16.83), no.
offilled grains panicle” (168.78), grain yield (46.80 g ha™) and
stover yield (66.88 q ha"). Consequently, T, recorded the
minimum number of unfilled spikelets panicle” (17.11) and
spikelet sterility (9.22 %) over other treatments. This might be
due to combined application of conventional fertilizer as
basal dose and split dosage application of Nano urea at

panicle initiation and heading stage of rice had synergistic
effects which leads to slow release of nitrogen resulting in
higher nitrogen use efficiency, minimized loss and storage of
remaining nitrogen in plant cells that can prevent the plant
biotic and abiotic stress produces number of effective tillers
per hill. Foliar application of nano urea resulted in more
photosynthates accumulation and translocation of nitrogen
and abundant availability and timely supply of nitrogen
stimulated initiation and development of grain formation
resulting in more number of filled grains per panicle, lesser
number of unfilled spikelet per panicle and consequently
lower spikelet sterility (%) in rice. Synergetic effect of
conventional fertilizers as basal dose and split dose
application of foliar nano urea improving nitrogen uptake by
the plant through slow release mechanism that can prevent
the plant from biotic and abiotic stress and increasing grain
and stover yield. Similar findings were reported in earlier
studies( Benzon et al., 2015, Yadav et al., 2021, Attri et al.,
2022), Kotharietal. (2023).

Effects of top dressing of nano urea on quality
parameters: P content in stover (%) and K content in grain
(%), K content in stover (%) were not significantly influenced
by replacing urea top dressing by nano urea in direct seeded
rice under rainfed condition (Table 3). However, N content in
grain (%), N content in stover (%) was significantly influenced
by replacing urea top dressing by nano urea in direct seeded
rice under rainfed condition . The T, recorded the maximum N
content (1.49% in grain; 0.97% in stover) and T, recorded
minimum N content (1.41% in grain; 0.91% in stover).
Nutrient uptake (kg ha™) by grain and stover was significantly
influenced by replacing urea top dressing by nano urea inrice
(Table 2). Maximum N uptake by grain (kg ha™) and stover
was recorded under T, (59.71 kg ha™for grain; 35.71 kg ha
for stover). Thiswas followed by T,,, T,,, T,, and T, .Minimum
nitrogen uptake was observed under T, (41.59 kg ha” for

Table 2. Yield attributes and parameters as influenced by replacing urea top dressing by nano ureain direct seeded rice (Oryza

sativaL.) under rainfed condition

Treatments No. of effective No. of filled No. of unfilled Spikelet Test weight ~ Grain yield Stover Harvest
tillers per grains per  spikelets per  sterility (%) (9) (a/ha) yield (g/ha) index (%)
panicle panicle panicle
T, 14.99 150.47 20.05 11.77 27.13 4419 64.14 0.79
T, 10.37 106.36 26.39 19.89 26.27 38.69 58.32 39.88
T, 13.48 135.96 22.38 14.13 26.03 42.46 62.75 40.36
T, 11.94 121.14 24.04 16.86 25.33 40.72 61.30 39.92
T, 11.87 120.68 24.47 16.58 28.18 40.18 60.44 39.93
T, 16.83 168.78 17.11 9.22 28.33 46.80 66.88 4117
T, 15.18 153.72 19.62 11.32 29.00 44.84 64.90 40.86
CD (p=0.05) 1.40 14.07 1.49 0.96 NS 1.51 1.21 NS
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Table 3. Quality parameters (both grain and stover) as influenced by replacing urea top dressing by nano urea in direct seeded

rice (Oryza sativa L.) under rainfed condition

Treatments N Content (%) P Content (%) K Content (%) N Uptake (kg ha”) P Uptake (kg ha') K Uptake (kg ha™)

Grain  Stover Grain  Stover  Grain Stover Grain Stover Grain  Stover Grain  Stover
T, 1.45 0.94 0.26 0.21 1.05 2.06 54.37 32.95 9.65 7.25 3946  72.10
T, 1.41 0.91 0.24 0.19 1.03 2.04 41.59 27.45 7.06 5.63 30.21 61.43
T, 1.44 0.93 0.25 0.20 1.04 2.05 49.77 31.07 8.54 6.59 36.03 68.72
T, 1.43 0.92 0.24 0.18 1.04 2.06 46.61 29.05 8.21 5.98 33.56  65.05
T, 1.42 0.91 0.25 0.19 1.02 2.03 45.75 29.05 7.55 5.66 33.09 64.82
Ts 1.49 0.97 0.28 0.22 1.06 2.09 59.71 35.71 11.06 8.10 4238 76.95
T, 1.47 0.94 0.27 0.20 1.06 2.07 56.20 33.66 10.45 7.25 40.65 73.73
CD (p=0.05) 0.06 0.02 NS NS NS NS 0.56 0.87 1.10 0.87 1.24 2.78
grain; 27.45 kg ha™ for stover). Maximum P uptake by grain REFERENCES

(kg ha™) and stover was in T, (11.06 kg ha™for grain; 8.10 kg
hafor stover) followed by T,, T,, T,, T,and T, Minimum P
uptake was observed under T, (7.06 kg ha"for grain; 5.63 kg
ha" for stover. Maximum K uptake by grain (kg ha') and
stover was in T, (42.38 kg ha for grain; 76.95 kg ha™ for
stover)followed by T,, T,, T,, T,, T,. Minimum nitrogen uptake
was observed under T, (30.21 kg ha™for grain; 61.43 kg ha™
for stover). The positive influence of foliar nano urea
application in panicle initiation and heading stages in rice
might be due to improved nitrogen availability and absorption
in both the root zone and plant system. The increased
availability and accumulation of nutrients again leads to more
metabolic activity at cellular level which in turn increased
nutrient uptake resulting in greater translocation of nutrients
to reproductive organs of the crop and ultimately increased
the nitrogen contents in both grain and stover. Moreover, the
nano particles have more specific surface area and number
of particles per unit area of a fertilizer and can easily
penetrate into the plants from applied surface and improve
uptake and nutrient use efficiency of rice. The findings were
in close agreement with the findings of Bora and Pandey
(2018), Burhan and AL-Hassan (2019) and Mehta and Bharat
(2019), Yadav etal. (2021), Sahu et al. (2022) and Sharma et
al. (2022).

CONCLUSION

The treatment Foliar spray with nano urea at active
tillering + top dress with urea at panicle initiation + foliar spray
with nano urea at heading was the best treatment on
replacing urea top dressing by nano urea in direct seeded
rice (Oryza sativa L.) under rainfed condition with highest
yield attributes and quality parameters of both grain and
stover. Therefore, foliar application of nano urea twice at the
panicle initiation and heading stages of rice growth can
effectively replace urea top dressing at panicle initiation
stage.

Anonymous 2022. World Food and Agriculture - Statistical Yearbook,
2021

Attri M, Sharma N and Sharma BC 2022. Effect of foliar application of
nano urea on productivity and profitability of fine rice under
irrigated subtropics of Jammu Region. Indian Journal of Ecology
49(5): 1935-1938.

Benzon HRL, Rubenecia MRU, Ultra Jr VU and Lee SC 2015. Nano-
fertilizer affects the growth, development, and chemical
properties of rice. International Journal of Agronomy and
Agricultural Research7(1): 105-117.

Bora R, Chilwal A, Pandey PC and Bhaskar R 2018. Nutrient content
and uptake in rice (Oryza sativa L.) under the Influence of long
term balance fertilizer Application. International Journal of
Current Microbiology and Applied Sciences 7:2011-2017.

Burhan MG and AL-Hassan SA 2019. Impact of nano NPK fertilizers
to correlation between productivity, quality and flag leaf of some
bread wheat Varieties. Iraqgi Journal of Agricultural Sciences
50(Special Issue): 1-7.

Ingale AG and Chaudhari AN 2013. Biogenic synthesis of
nanoparticles and potential applications: an eco-friendly
approach. Journal of Nanomedicine and Nanotechnology
4(165):1-7.

Kothari SK, Saha S and Mallick P 2023. Evaluation of foliar
application of nano-fertilizers (nitrogen, zinc, copper) on growth
and yield of rice (Oryza sativa L.) in kharif season. The Pharma
Innovation Journal12(6): 247-250.

Kumar R, Singh A, Yadav RB, Kumar A, Kumar S, Shahi UP and
Singh AP 2017. Growth, development and yield response of rice
(Oryza sativa L.) as influenced by efficient nitrogen management
under subtropical climatic condition. Journal Pharmacognosy
and Phytochemistry1: 791-797.

Ladha JK, Pathak H, Krupnik TJ, Six J and van Kessel C 2005.
Efficiency of fertilizer nitrogen in cereal production: retrospects
and prospects. Advances in Agronomy 87: 85-156.

Liu R and Lal R 2015. Potentials of engineered nano particles as
fertilizers for increasing agronomic productions. Science of the
Total Environment 514:131-139.

Marasini S, Joshi TN and Amgain LP 2016. Direct seeded rice
cultivation method: a new technology for climate change and
food security. Journal of Agriculture and Environment 17: 30-38.

Mehta S and Bharat R 2019. Effect of integrated use of nano and
non-nano fertilizers on nutrient use efficiency of wheat ( Triticum
aestivum L.) in irrigated subtropics of Jammu. Journal of
Pharmacognosy and Phytochemistry 8: 598-606.

Miah H, Anwar MP, Rahman MR, Hoshain S and Hossen K 2017.
Minimizing nitrogen requirement of rice through foliar spray of
urea. Imperial Journal of Interdisciplinary Research 3(12): 2454-
1362.



Effect of Replacing Urea Top Dressing by Nano Urea on Yield and Quality of Direct Seeded Rice 749

Rai V, Acharaya S and Dey N 2012. Implications of nano biosensors
in agriculture. Journal of Biomaterials and Nano-Biotechnology
3:315-324.

Rao AN and Nagamani A 2007. Available technologies and future
research challenges for managing weeds in dry-seeded rice in
India. In Proceedings of the 21% Asian Pacific Weed Science
Society (APWSS) Conference, Colombo, Sri Lanka. Asian
Pacific Weed Science Society 391-401.

Rao AN, Johnson DE, Sivaprasad B, Ladha JK and Mortimer AM
2007. Weed management in direct-seeded rice. Advances in
Agronomy93: 153-255.

Sahu KB, Sharma G, Pandey D, Keshry PK and Chaure NK 2022.
Effect of nitrogen management through nano-fertilizer in rice
(Oryza sativa L.). International Journal of Chemical Research
and Development4(1): 25-27.

Sharma SK, Sharma PK, Mandeewal RL, Sharma V, Chaudhary R,
Pandey R, et al 2022. Effect of foliar application of nano-urea
under different nitrogen levels on growth and nutrient content of

Received 30 April, 2025; Accepted 15 July, 2025

pearl millet (Pennisetum glaucum L.). International Journal of
Plant and Soil Science 34(20): 149-155.

Shrestha J, Kandel M, Subedi S and Shah KK 2020. Role of nutrients
inrice (Oryza sativa L.): Areview. Agrica9(1): 53-62.

Singh V, Singh V and Singh S 2020. Effect of zinc and silicon on
growth and yield of aromatic rice (Oryza Sativa) in north-western

plains of India. Journal of Rice Research and Development 3(1):
82-86.

Tarafdar JC, Raliya R, Mahawar H and Rathore | 2014. Development
of zinc nano fertilizer to enhance crop production in pearl millet
(Pennisetum americanum). Agricultural Research 3(3): 257- 262.

Wang S, Wang F and Gao S 2020. Foliar application with nano-
silicon alleviates Cd toxicity in rice seedlings. Environmental
Science and Pollution Research 22(4): 2837-2845.

Yadav DN, Kumar R, Verma A and Kumar P 2021. Effect of foliar
application of nano-fertilizers on soil health and productivity in

transplanted rice (Oryza sativa L.). The Pharma Innovation
Journal10(12): 1263-1265.



