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ABSTRACT

At the ICAR-Indian Agricultural Research Institute research farm in New Delhi, a field experiment was carried
out during the rainy seasons (kharif) of 2021 and 2022 to investigate the impact of irrigation schedules and the
combined use of prilled urea and nano-urea as a source of N on the productivity and profitability of basmati rice
(Oryza sativa L.). Three irrigation regimes—irrigation at 1, 3, and 6 days after disappearance of surface water
(DADSW) assigned to main-plots—and four N-management variations—100% RDN (recommended dose of N,
120 kg/ha); 75% RDN + 4% nano-urea (NU) 2 sprays (75% RDN + 2 NU); 50% RDN + 2 NU; and no-N
(control) in sub-plots—were used in the experiment. In comparison to 3 and 6 DADSW, irrigating basmati rice
1 DADSW showed the greatest panicle weight (2.67-3.09 g) and number of grains/panicle (115.9, 109.8) over
the years. Grain production was significantly reduced by the most delayed irrigation at 6 DADSW; the decline
was 13—19% over irrigation at 3 DADSW and significantly by 23-28% over irrigation at 1 DADSW. The yield
attributes and grain yield of rice crops fertilized with 100% RDN and 75% RDN + 2 NU were statistically
similar, but both were significantly better than 50% RDN + 2 NU and no-N. Net returns, benefit cost (B:C) ratio,
and monetary efficiency were significantly higher when the crop was irrigated 1 DADSW compared to 3 and 6
DADSW. For all examined economic factors, the N-management alternatives followed the trend of RDN>75%
RDN + 2 NU >50% RDN > no-N.
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Introduction

In order to tackle food insecurity, particularly in economically fragile countries, rice (Oryza sativa L.), which
provides half of the world's population with nourishment, is essential (Dass et al. 2016, Wasaya et al. 2022).
India, which produces 21% of the world's rice, must fulfill a projected demand of 130 million tons by 2025 for
both national food security and the UN's sustainable development objectives (Choudhary et al. 2022). India is
the world's top exporter of rice, but increased output is necessary due to dietary changes and population growth
(Mohidem et al. 2022). However, with dwindling resources—most notably water scarcity—achieving increased
yields is difficult.

A major problem in water-scarce countries like China and India is rice production, which uses 34—43% of the
world's irrigation water (Surendran et al. 2021). Due to decreasing water availability, India is expected to have a
50% supply-demand mismatch by 2030 (Gulati et al. 2019). Traditional transplanting uses a lot of water.

1ICAR: Indian Agricultural Research Institute, New Delhi; 2ICAR: National Rice Research Institute, Cuttack,
Odisha; and 3ICAR: Indian Institute of Soil Science, Bhopal, Madhya Pradesh. * Corresponding author email:
anchal d@rediffmail.com However, research revealed that a 2-3 day watering interval had no discernible effect
on basmati rice output (Mahajan et al. 2006, Singh et al. 2008).

Crop yields are impacted by nitrogen (N), a critical nutrient (Zhang et al. 2020). Nano-fertilizers, such as those
that improve nutrient transport via nanoscale channels (Mahanta et al. 2019), have the potential to increase plant
biomass and yield (Khalid et al. 2022). By encouraging meristematic activity, cell elongation, photosynthate
assimilation, and effective resource translocation within plants, nano-urea improves agricultural outcomes when
combined with urea (traditional N-source). This leads to improved yield attributes and economics (Sahu et al.
2022, Kannoj et al. 2022, Attri et al. 2022, Ranjan et al. 2023). In light of this, field experiments were carried
out with the primary goal of examining the impact of irrigation schedules and the combined use of prilled urea
and nano-urea as a source of N on basmati rice production and profitability.

METHODS AND MATERIALS
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During the rainy (kharif) seasons of 2021 and 2022, a field experiment was carried out at the ICAR-Indian
Agricultural Research Institute research farm (28°38' N;

New Delhi (77°09" E; 229 m msl). During kharif 2021 and 2022, the average monthly maximum and minimum
air temperatures were 33.8 and 24.5°C and 33.6 and 23.9°C, respectively. Using standard procedures, the initial
soil chemical characteristics (0—15 cm depth) were recorded as Walkley-Black soil organic carbon (SOC) 0.5%,
alkaline KMnO4 oxidizable-N, 0.5 M NaHCO3 extractable phosphorus (P), and 1 N NH4OAc extractable
potassium (K) contents of 254.2 kg/ha, 14.4 kg/ha, and 222.6 kg/ha, respectively (Rana et al. 2014). The
experiment included four sub-plot N-management treatments: 100% recommended dose of N, or 120 kg/ha in
split doses (RDN); 75% RDN + nano urea (NU) with two sprays (75% RDN + NU); 50% RDN + nano urea
spray (50% RDN + NU); and a control plot where N was left out (NO). The three main-plot treatments were
irrigations applied 1, 3, and 6 days after surface water disappeared (1, 6 DADSW). The experiment was set up
in 36 panels with three replications using a split-plot design (SPD). The newly created semi-dwarf Pusa Basmati
1692, which has extra-long and thin grains and is high yielding, early ripening, non-lodging, non-shattering, and
somewhat resistant to blast disease, was chosen as the test variety (basmati rice). The plots were plowed, then
harrowed to create a fine seed bed. Pre-germinated seeds were nursery-raised on well-fertilized, well-irrigated
beds final week in June, and in mid-July, two seedlings per hill were transplanted into the main field at a
distance of 20 cm by 10 cm. At 1, 3, and 6 days after surface water disappeared from the tillering to milking
phases, the crop was watered (6 cm depth); irrigations were thereafter applied consistently. The total number of
irrigations varied by treatment (1 DADSW-11, 15; 3 DADSW: 7, 11; 6 DADSW: 5, 7 during 2021 and 2022,
respectively), and the quantity of rainfall received in each year had an impact on the number of irrigations. The
crop was fertilized in accordance with the treatments; three split doses of 120 kg/ha N were administered as
RDN in the form of urea, followed by two nano-urea sprays and 75% of RDN (90 kg/ha N) and 50% of RDN
(60 kg/ha N). One-third of RDN (40 kg/ha), 60 kg/ha P205, and 40 kg/ha K20 in the form of urea, single
superphosphate (SSP), and muriate of potash (MOP) were applied as the basal dose. The remaining N and 4%
nano-urea spray were applied at a rate of 500 ml/acre at approximately 25-30 and 45-50 DAT (days after
transplanting). Butachlor 1.5 kg a.i./ha was used before to emergence in addition to two-hand weedings at 30
and 60 DAT for weed control. For yield characteristics, a 1 m2 quadrate was used to randomly count the
number of panicles/m2 from three places in each plot at harvest. Ten randomly chosen panicles from each plot
were counted to determine the average number of individuals loaded grains/hill. In order to determine the test
weight (g), 1000 grains were randomly selected from each net-plot's bulk yield, counted, and weighed at 14%
moisture content. Grain yield (t’ha) at 14% moisture content was recorded after the rice crop was harvested from
a net-plot, sun-dried, threshed, winnowed, and manually cleaned each plot individually. The cost of cultivation
(COC) was calculated by adding the costs of all the inputs and resources, including labor, equipment, irrigation,
fertilizers, land preparation, seed, and transplanting. The economic production (grain + straw) was multiplied by
the current market price of rice (33700/q in 2021 and %4000/q in 2022, and ¥2/kg for straw) to get the gross
returns. The net returns were then deducted from the COC. The net returns were divided by the cultivation costs
to get the net benefit-cost (B:C) ratio. Net returns were divided by crop duration to calculate monetary
efficiency (ME). The conventional process was used to apply the Analysis of Variance technique for a split-plot
design to year-wise data on all observations. The F-test was used to determine if there was a significant
difference between the various treatments, and the parameters that showed significant differences had their least
significant difference (LSD) values calculated. A 5% significance threshold was used to compare the treatment
means.

OUTCOMES AND TALK

Irrigation schedules and N-management had a significant impact on the yield-attributing characteristics (Table
1). When rice was irrigated at 1 DADSW, the panicle length was much longer; this was closely followed by 3
DADSW with no discernible differences. With a delayed interval at 6 DADSW, the panicle length was
considerably shortened (12-15%). The RDN had the longest panicle length among the N-management
alternatives, followed by 75% RDN + NU, with no discernible variations. In comparison to irrigation regimes at
3 and 6 DADSW, the irrigation at 1 DADSW also showed the largest panicle weight (2.67 to 3.09 g) during the
course of the years. However, changing irrigation from 3 DADSW to 6 DADSW had no effect on panicle
weight. RDN produced the greatest panicle weight (3.0, 2.67 g) when N-management was taken into account in
2021, although it was statistically comparable to 75% RDN + NU and showed noticeably greater results than
other treatments. In comparison to delayed irrigation, which further decreased it by 3-9% (3 DADSW) and 11—
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15% (6 DADSW) over the years, irrigation at 1 DADSW resulted in much larger numbers of grains/panicle
(115.9 and 109.8). RDN generated the most grains per panicle (115.1 and 113.03) across N treatments, and it
was statistically comparable to 75% RDN + NU. Over the years, RDN generated around 10—11% more grains
per panicle than 50% RDN + NU and 21-24% more than control.

Grain filling was superior to other treatments when the crop was watered at 1| DADSW, fertilized with 75% of
the authorized nitrogen dosage, and sprayed twice with nano-urea. Irrigation schedule at 1 DADSW produced
the highest test weight (27.7, 27.67 g) across all regimens; however, in the second year, the difference was
comparable to 3 DADSW. However, further deferring the irrigation up to 6 DADSW resulted in a significant
decrease in test weight (24.97, 24.32 g), which was around 9-12% over the years, with the second year showing

the greatest drop.

Table 1 Effect of irrigation regimes and nitrogen management on yield attributes and yield of basmati rice

Treatment  Panicle length Panicle weight Grains/ Un-filled 1000-grain wt. Grain yield
(cm) (2) panicle grains/ (2) (t/ha)
panicle
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Irrigation
regimes

1 DADSW  27.17 27.14 3.09 2.67 115.9 109.75 6.50 7.59 27.770 27.67 5.01 4.92
3 DADSW 2620 2537 254 223 105.4 106.22 9.56 1222 26.77 2605 4.43 435
6 DADSW 2382 2320 231 198 983 97.66 13.00 1735 2497 2432 384 3.54
SEm + 0.49 0.51 0.05 0.04 238 222 0.19 0.19 044 054 0.10 0.09
CD (P=0.05) 1.93 2.00 0.19 0.15 9.33 8.71 0.74 0.76 1.74 2.11 0.38 0.34
N-

management

RDN 28.12 2744 3.00 2.69 115.1 113.03 7.73 10.01 27.36 27.02 5.19 5.05

75% RDN +27.14 2675 294 2.64 1132 11221 6.89 896 27.84 27.58 499 481
NU
50% RDN +25.27 2452 258 2.15 104.3 101.83 9.92 1223 2620 2576 4.48 4.31
NU

NO 2239 2224 208 1.69 934 91.10 1420 1833 2452 23.69 3.05 292
SEm =+ 039 037 006 003 234 282 0.23 0.31 0.33 0.57 0.07 0.08
CD (P=0.05) 1.16 1.09 0.17 0.10 698 8.41 0.69 094 099 169 022 025
Interaction S NS S S NS NS S S S NS S S

I xN)

Days after surface water disappears (DADSW); Recommended dosage nitrogen (RDN); and nano-urea (NU).

When compared to the other N treatments, the administration of 75% RDN + NU and RDN produced a
considerably greater test weight. Over the years, the application of 75% RDN + NU produced the greatest 1000-
grain weight (27.84, 27.58 g), which was 6—7% higher than 50% RDN + NU and around 13-16% higher than
control treatment. All of the irrigation regimes examined in 2021 and 2022 showed significant variations in
grain output (Table 1). The highest grain production was obtained by fertilizing with RDN and irrigating at 1
DADSW. However, there was no discernible decrease in grain production when 25% N was replaced with two
sprays of 4% nano-urea. Conversely, the lowest grain yield (3.84, 3.54 t/ha) was produced by the most delayed
irrigation at 6 DADSW; this drop was 13—19% higher than irrigation at 3 DADSW and significantly higher than
irrigation at 1 DADSW throughout the course of the years. Frequent irrigation may have improved the soil-
water ecosystem, reduced evapotranspiration (ET) losses by lowering water stress, improved soil and applied
nutrient solubilization, absorption, and assimilation, which improved crop growth by moving more
photosynthates to the sink, improving grain filling, and ultimately improving yield attributes and yield (5.01,
4.92 t/ha) (Parihar 2004, Kumari et al. 2017, Pratap et al. 2022). Stunted plant growth, reduced leaf area, fewer
tillers, decreased dry matter production, fewer and shorter panicles, lower 1000-grain weight, insufficient grain
filling, and smaller and lighter grains were all likely consequences of delayed irrigation-induced stress, which
ultimately led to lower straw and grain yields (Rahman et al. 2002). The application of RDN yielded the greatest
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grain production among the N treatments (5.19, 5.05 t/ha), which was statistically equivalent to 75% RDN + NU

(4.99, 4.81 t/ha) and much better than other treatments in both years. RDN yielded 14-15% and 41-42% more
than 50% RDN + NU and control (NO) during the course of the research years. This may be explained by the

fact that adequate N application promotes cell division and elongation, increases the leaf area index, increases

tiller production, and enhances panicle growth, which results in the synthesis and transfer of carbohydrates to

the grains, improving yield attributes and yield. N 120 kg/ha has also been observed to boost grain output and
yield characteristics (Jaiswal and Singh 2001). Because of its nano-scale particle size, which offers a higher
surface area, quick absorption, penetration, and slow release of nano-nutrients allowing plants to fully utilize
them, supplementing 25% N with nano-urea may have also compensated for the yield loss (Khalid et al. 2022).

This would have increased plant biomass and consequently increased yield. Additionally, Chandana et al. (2021)
and Sahu et al. (2022) observed that the combination of nitrogen and nano-urea resulted in improved yield
qualities such as the maximum number of panicles/m2 and the number of filled grain/panicle simultaneously led
to improved grain production. Irrigation and nitrogen management has a significant impact on the economic

returns on agricultural production, which include a variety of factors such as crop yield, quality, market price,

input costs, and water availability. Frequent irrigation treatment produced the highest gross returns, net returns

(143,699 Z/ha, 150,019 /ha), net B:C ratio (2.47, 2.41), and monetary efficiency (1218, 1271 Z/ha/day) in 2021

and 2022, according to the economic analysis of the applied irrigation and nitrogen (Table 2). In general,

throughout time, comparing

Table 2 Effect of irrigation regimes and nitrogen management on economic return in basmati rice

Treatment Gross return Net return Net B:C ratio Monetary efficiency
(X/ha) (X/ha) (/ha/day)
2021 2022 2021 2022 2021 2022 2021 2022
Irrigation regimes
1 DADSW 201687 212007 143699 150019  2.47 241 1218 1271
3 DADSW 177579 186480 123591 128492  2.28 221 1056 1120
6 DADSW 152796 151111 100808 97123 1.93 1.79 908 883
SEm + 3979 4318 2490 3623 0.06 0.06 233 25.6
CD (P=0.05) 15620 16950 9775 14222 0.24 025 91.6 100.6
N management
RDN 208796 216927 153807 158605  2.78 2.70 1325 1369
75% RDN + NU 199989 206130 144618 147426  2.60 249 1246 1273
50% RDN + NU 178456 184623 123265 126099  2.22 2.14 1063 1115
NO 122176 125118 69108 68716 1.30 1.21 609 609
SEm + 2710 3328 2241 3207 0.04 0.05 18 26.4
CD (P=0.05) 8085 9929 6687 9568 0.13 0.14 537 78.7
Interaction ([ x N) S S S S S S S S

DADSW stands for days after surface water disappears; RDN is for recommended nitrogen dosage; NU stands
for nano-urea; and B:C stands for benefit cost.

RDN, lowering N-dose by 75% RDN + NU; and 50% RDN + NU decreased net return by 19-20% and 6-7%,
respectively. According to Attri et al. (2022), 75% RDN with Nano-urea was the most cost-effective
combination in this situation. However, it has also been shown that 100% RDN with nano spray provides the
optimum B:C ratio and economic return (Ranjan et al. 2023). Net returns and crop length were the primary
determinants of monetary efficiency (Dass et al. 2022, Pratap et al. 2022); frequent irrigation and RDN
improved monitoring efficiency. Adoption of 75% RDN + nano-urea may be encouraged for the purpose of
environmental sustainability when considering its benefits over RDN, particularly in terms of energy
conservation and greenhouse gas emissions reduction (Upadhyay et al. 2023).

It may be inferred from the two-year experiment that greater yield characteristics, yield, and economic return
resulted from fertilizing rice with RDN and irrigating it at 1 DADSW. RDN and 75% RDN + 2 nano-urea
sprays did not significantly vary in yield characteristics or yield; nevertheless, further optimization of nano-urea
usage is necessary to increase basmati rice productivity and quality.

Page | 32



International Journal of Advances in Research, Emerging Technologies
and Innovations in Agriculture
Volume 1 Issue 4, 2025

CITATIONS

Attri M, Sharma N, and Sharma B C. 2022. Impact of foliar nano-urea treatment on fine rice production and
profitability in the Jammu region's irrigated subtropics. Chandana P, Latha K R, Chinnamuthu C R, Malarvizhi
P, and Lakshmanan A. Indian Journal of Ecology 49(5): 1935-938. 2021. effects of applying nano nitrogen,
zinc, and copper topically on rice production and nutrient absorption. Plant and Soil Science International
Journal 33(24): 276-82. Choudhary A K, Sood P, Rahi S, Yadav D S, Thakur O C, Siranta K R, Dass A, Singh
Y V, Kumar A, Vijayakumar S, and Bhupenchandra 1. 2022. Zn biofortification, rice production,

Its nutrient-use efficiency as affected by Zn fertilization in both the rice intensification system and ordinary
transplanted rice. Environmental Science Frontiers 10: 869194. Choudhary A K, Singh G, Dass A, Chandra S,
and Sudhishri S. 2016. Rice root-shoot characteristics, yield, and water productivity of two contemporary
cultivars under SRI management in Indian Mollisols are affected by field response patterns and plant spacing.
Water Environment and Paddy 14: 45-59.

Dass A, Rajanna G A, Babu S, Lal S K, Choudhary A K, Singh R, Rathore S S, Kaur R, Dhar S, Singh T, and
Raj R. 2022. In a semiarid environment, foliar application of macro and micronutrients increases soybean
production, economic returns, and resource-use efficiency. Sustainability 14(10): 5825. Gulati A, Mohan G,
Banerjee P, and Sharma B. 2019. Getting More from Less: India's Declining Water Resources, NABARD and
ICRIER Report, Indian Council for Research on International Economic Relations, New Delhi, India, pp. 170.
Singh G R and Jaiswal V P. 2001. The growth and production of rice (Oryza sativa) and subsequent wheat
(Triticum aestivum) are affected by planting techniques, nitrogen sources, and nitrogen levels. Agronomy in
India Journal 46(1): 5-11.

In 2022, Kannoj J, Jain D, Tomar M, Patidar R, and Choudhary R. Black wheat (Triticum aestivum L.)
nutritional content, absorption, and economics in relation to biofertilizers and nano-urea against traditional urea.
499-504 in Biological Forum 14(2).

In 2022, Khalid U, Sher F, Noreen S, Lima E C, Rasheed T, Sehar S, and Amami R. Comparative analysis of
the morphological and physiological characteristics of Caesalpinia bonducella plants using conventional and
nanoenabled fertilizers. Saudi Society of Agricultural Sciences Journal 21(1): 61-72.

In 2017, Kumari K, Dass A, Sudhishri S, Kaur R, and Rani A. Components of yield, yield, and pattern of
nutrient absorption in maize (Zea mays) under different nitrogen and irrigation conditions. 104—07 in Indian
Journal of Agronomy 62(1).

Mahajan G, Gill M S, Brar A S, and Sardana V. 2006. Impact of weed pressure, irrigation intervals, and seed
rates on the productivity of

rice (Oryza sativa) that is directly planted. 756—59 in the Indian Journal of Agricultural Sciences, 76(12).
Dambale A, Rajkhowa M, Mahanta N, Mahanta C, and Mahanta

N. 2019. efficiency of nutrient usage using nano-fertilizers.

Chemical Studies International Journal 7(3): 2839-842. Hashim N, Shamsudin R, Mohidem N A, and Che Man
H. 2022.

Examining the production, variety, milling method, and nutritious content of rice for food security. Parihar S. S.
Agriculture 12: 741. 2004. The production potential of the rice (Oryza sativa)-wheat (Triticum aestivum)
cropping system is affected by crop establishment techniques, tillage, irrigation, and nitrogen. Indian Journal of
Agronomy 49(1): 1-5.

Pratap V, Dass A, Dhar S, Babu S, Singh V K, Singh R, Krishnan P, Sudhishri S, Bhatia A, Kumar S,
Choudhary Anil K, Singh, R, Kumar P, Sarkar S K, Verma S K, Kumari K, and San A A. 2022. Co-
implementing precision nitrogen, tillage, and water management improves direct-seeded rice's water
productivity, economic returns, and energy efficiency. Sustainability 14(18): 11234.

Islam M T, Rahman M T, and Islam M O. 2002. impact of water stress on transplanted aman rice's yield and
yield-contributing traits at various development stages. Journal of Biological Sciences, Pakistan, 5: 169-72.

In 2014, Rana K S, Choudhary A K, Sepat S, Bana R S, and Dass A. Analytical and Methodological Agronomy,
pages. 276. Indian Agricultural Research Institute Post Graduate School, New Delhi, India.

Babu L, Ranjan P, Kumar B, Mala A, Priyadarshi S, Shri A,

Kumar B. and Narayan A. 2023. impact of nano urea foliar spraying on rice yield and economics. 3030-33 in
The Pharma Innovation Journal 12(1).

Singh D P, Chandrakar T, Sahu T K, Kumar M, and Kumar N. 2022. Effect of nano-urea treatment on growth
and productivity of rice (Oryza sativa L.) in mid land scenario of Bastar area. Pharma Innovation 11: 185-87.
Singh R D, Rajan K, Shivani, and Sikka A K. 2008. impact of nitrogen and irrigation on yield, water-use

Page | 33



International Journal of Advances in Research, Emerging Technologies
and Innovations in Agriculture
Volume 1 Issue 4, 2025

efficiency, and nutrient balance in cropping systems based on rice (Oryza sativa). Journal of Agricultural
Sciences in India 78: 21-26.

Jayakumar M, Surendran U, Raja P, and Subramoniam S R. 2021. An analysis of effective water-saving
methods for rice farming in India in the context of climate change. Cleaner Production Journal 309: 127272.

In 2023, Upadhyay P K, Dey A, Singh V K, Dwivedi B S, Singh T, GA R, Babu S, Rathore S S, Singh R K,
Shekhawat K, and Rangot M. Applying nano-urea in conjunction with traditional fertilizers is an ecologically
sound and energy-efficient method of producing crops in a sustainable manner. Plos One 18 (7): 0284009.

In 2022, Wasaya A, Yasir T A, Sarwar N, Mubeen K, Rajendran K, Hadifa A, and Sabagh A E. Global rice
security with climate change. 13-26 in Modern Techniques of Rice Crop Production. Springer,
Heidelberg/Berlin, Germany.

In 2020, Zhang J, Tong T, Potcho P M, Huang S, Ma L, and Tang X. impacts of nitrogen on gigantic rice's
physiological traits, yield, and quality. Agronomy 10(11): 1816.

Page | 34



