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ABSTRACT

The pursuit of enhanced rice productivity in India necessitates a comprehensive understanding of the interplay
between crop establishment methods, irrigation schedules, and nitrogen management practices. This study inves-
tigates the effects of these factors on the growth and yield of rice (Oryza sativa L.), employing a split-plot experi-
ment design. The experiment examined two crop establishment methods of direct-seeded rice (DSR) and puddled
transplanted rice (PTR), three irrigation schedules of I, (continuously submerged, CS, of 5 + 2 cm depth), |, (inter-

mittent submergence of 5 + 2 cm with irrigation after five days of water disappearance from the soil surface), and |

3

(intermittent submergence of 5 + 2 cm with irrigation after ten days of water disappearance from the soil surface)

with four nitrogen management strategies of N, (recommended dose of nitrogen, RDN), N, (LCC threshold < 4), N

3

(SPAD 30), and N, (Rice-Wheat Crop Manager recommendation, RWCM). The study found significant variations in
rice growth parameters, yield components, and water efficiency due to the different treatments. Among the crop
establishment methods, DSR demonstrated superior performance in terms of plant height, dry matter accumula-
tion, crop growth rate (CGR), leaf area index (LAI), seed yield, and straw yield compared to PTR. In irrigation man-
agement, |, exhibited superiority in all growth and yield parameters as well as soil nutrient status and water use
efficiency. Nitrogen management through RWCM was found to be the most efficient and significantly higher afore-
mentioned parameters recorded compared to the other nitrogen management treatments. RWCM'’s tailored
recommendations ensured optimal nitrogen availability, enhancing plant growth and yield outcomes.

Key words: Direct-seeded rice (DSR), Irrigation management, Nitrogen management, Rice productivity,

Water use efficiency

Rice (Oryza sativa L.) is the most crucial cereal crop for
many Asian countries, including India. Globally, rice ranks
third in production, following sugarcane and maize, and is
an essential commodity for basic nutrition, providing ap-
proximately 20% of the world’s caloric intake. With global
rice consumption exceeding 520 million metric tons, over
50% of the world’s population depends on rice daily, ac-
cording to the United Nations Food and Agriculture Orga-
nization. Rice is a water-intensive crop, requiring 3,000 to
5,000 liters of water/kilogram produced, making it particu-
larly vulnerable to the increasing and severe droughts
caused by climate change. Rising temperatures, floods, and
unpredictable weather patterns are also leading to crop fail-
ures, which significantly impact the 150 million small-
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scale rice farmers dependent on rice cultivation for their
livelihood. Projections indicate that climate change could
reduce rice yields by 15% by 2050 (Singh et al., 2017a).

In response to these challenges, researchers are explor-
ing potential technologies and production systems to en-
hance rice cultivation sustainability. Direct-seeded rice has
garnered significant interest due to its potential water, en-
ergy, labour, and cost efficiencies (Joshi et al., 2018), com-
pared to traditional transplanting methods. Additionally,
techniques such as alternate wetting and drying (AWD) and
intermittent irrigation are being investigated to reduce wa-
ter use and greenhouse gas emissions. Nutrient manage-
ment is also critical for successful crop production. Rice,
like all crops, requires precise nutrient applications to op-
timize growth and yield (Samant et al., 2023). Various pre-
cision nitrogen application technologies, such as the leaf
colour chart (LCC), soil plant analysis development
(SPAD) meter, and Rice-wheat crop manager recommen-
dation (RWCMR), have been developed to meet these
needs, each offering distinct advantages under specific
conditions.
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Crop establishment methods, irrigation water and
nitrogen management are critical factors influencing rice
production. These agronomic practices are interrelated and
play a significant role in determining the growth, yield, and
resource use efficiency of rice crops. Field experiments
across various geographical locations have demonstrated
that the choice of crop establishment method, the timing
and mode of irrigation, and the strategy for nitrogen appli-
cation can markedly affect rice yields and the sustainability
of rice production systems (Chhabra et al., 2024). Interest-
ingly, while some studies have shown that specific estab-
lishment methods such as the direct seeding can enhance
grain yield and net returns (Xu et al., 2019), others have
highlighted the importance of irrigation and nitrogen man-
agement in optimizing rice production. For instance, alter-
nate wetting and drying irrigation has been found to in-
crease yield and water productivity (Su et al., 2023), and
the timing of nitrogen fertilizer application can influence
the efficiency of nitrogen use and crop yields (Su et al.,
2023). Additionally, the integration of nitrogen manage-
ment strategies with rainfall-adapted irrigation has been
shown to synergistically improve grain yield and resource
use efficiency (Yan et al., 2022).

Given this background, an experiment was conducted to
evaluate the effects of different crop establishment meth-
ods, irrigation schedules, and nitrogen management
practices on the growth, yield, water use and soil nutrient
status in rice.

MATERIALS AND METHODS

The experiment was conducted in the Agricultural
Research Farm of Institute of Agricultural Sciences,
Banaras Hindu University during the Kharif season of

Table 1. Detail of treatments
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2019 and 2020. The farm lies between the latitudes of
25°18' North and 82°59' East longitudes and an altitude of
75.7 meters above the mean sea level (AMSL) in the
Northern Gangetic Alluvial Plains of Uttar Pradesh. The
total rainfall during the experimental years was 1237.2 mm
in 2019 and 1054.6 mm in 2020. The mean weekly maxi-
mum temperatures during the crop seasons ranged from
27.3°C to 36.4°C in both years, while the mean weekly
minimum temperatures ranged from 11.2°C to 25.1°C. The
weekly mean maximum relative humidity was 67-93%
(average 85.13%) in 2019 and 72-95% (average 84.96%)
in 2020. The weekly mean minimum relative humidity
ranged from 40-82% (average 63.13%) in 2019 and 42—
88% (average 65.75%) in 2020. Sunshine hours ranged
from 0.1-9.6 hours in 2019 and 1.4-8.3 hours in 2020. The
initial soil analysis indicated a sandy clay loam texture with
a pH of 7.21. The soil contained 0.39% organic carbon,
and the available nutrient levels were 229.12 kg/ha of
nitrogen, 17.24 kg/ha of phosphorus, and 175.35 kg/ha of
potassium.

The experiment, conducted in a split-plot design with
three replications, featured two planting techniques and
three irrigation schedules in the main plot and four preci-
sion nitrogen management techniques in the sub-plot
(Table 1). The HUR 105 rice variety was sown in 72 plots.
Each main plot measured 20 m x 3 m, while each sub-plot
within it measured 4 m x 3 m, with a 1 m buffer zone be-
tween adjacent main plots. For direct-seeded rice (DSR),
the field was prepared by ploughing twice with a disc har-
row and once with a cultivator. Furrows were manually
opened at a 20 cm row spacing, and seeds were sown at a
rate of 30 kg/ha. Sowing of DSR and sowing in nursery for
transplanting was done on 16.06.2019 in the first year and

Treatment Symbol
Main-plots treatment
I. Crop Establishment
>i) Puddle Transplanted Rice (PTR) CE,
(i)  Direct Seeded Rice (DSR) CE

II. Trrigation scheduling
>i) Continuously submerged (CS) of 5 + 2 cm depth

(i)  Intermittent submergence (IS) of 5 + 2 cm and irrigation after five days of disappearance of water from the soil surface 1
(i)  Intermittent submergence of 5 + 2 cm and irrigation after ten days of water disappearance from the soil surface 1

Sub-plots treatment
I. Nitrogen Management
1) RDN
(ii))  LCC threshold <4
(iii)  SPAD 30
(iv)  Rice — Wheat Crop Manager Recommendation

z 777

IS
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17.06.2020 in the following year. For puddled transplanted
rice, the field was ploughed twice using an MB plough,
followed by planking and levelling. Transplanting of rice
seedlings into the main field was done on 07.07.2019 and
08.07.2020. The field was irrigated with 2-3 cm water
level for puddling, and 21 days old seedlings were trans-
planted at 20 x 15 cm spacing with 2-3 seedlings per hill.
The details of nutrient management as per treatment are
provided in Table 2. The application of nutrients to the test
crop was made based on recommendations and uniform
application of phosphorous, potassium, and zinc (60-60-5
kg/ha) for all the treatments. The sources used for nitrogen,
phosphorous, potassium, and zinc were urea (46% N),
single super phosphate (16% P,0, 12% S, and 21% Ca),
muriate of potash (60% K,0), and zinc sulphate monohy-
drate (33%), respectively. The total diammonium phos-
phate and potash dose were applied when sowing/trans-
planting as basal. Zinc was applied through 2 foliar sprays.
Other agronomic practices were carried out as per the state
recommendations. Nitrogen was applied as per treatments
through leaf colour chart (LCC) threshold < 4, SPAD 30,
and Rice-Wheat crop manager recommendation, whereas
in the recommended dose of nitrogen (120 kg/ha), one-
fourth dose was applied as basal, the half dose was applied
at the maximum tillering stage, and the remaining one-
fourth dose at the panicle initiation stage. The recorded
data were calculated using the following:

The crop growth rate was calculated per the formula
Radford gave (1967) and expressed as g/m*/day.
Wy — Wy
t,—t,

Crop growth rate(g/m?/day) =

Where,
W, = Total dry matter of crop plant at time interval t,

Table 2. Nutrient management scheduling as per treatment
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W, = Total dry matter of crop plant at time interval t,

Leaf area measured through Systronics leaf area meter-
211 was divided by ground area to calculate leaf area index
at 30, 60, and 90 DAS/DAT. The formula suggested by
Radford (1967) was used as given here:

Total leafarea (em”)

Leaf area index (LAI) =

Unit land area (cm®)
Harvest index was computed using the following
formula given by Nichiporovich, 1967.
Economic yield (grains)

H t ind = X 100
arvest index (%) Biological yield (grains + straw)

Water use efficiency (WUE) of different treatments was
computed by dividing the economic yield (kg/ha) by the
total amount of water used (cm) from the respective plots
(Michael et al., 1977).

Economic Yield (kg/ha)
Total Consumptive Use of Water (cm)

RESULTS AND DISCUSSION

Growth parameters

Water use efficiency (WUE) =

Effect of crop establishment methods

Data from Table 4 and 5 indicate that crop establishment
significantly influenced the various growth attributes of
rice such as plant height, dry matter accumulation, leaf area
index and crop growth rate. At 30 and 90 DAS, DSR re-
corded a plant height of 37.5 and 105.3 cm respective in
the first year and 38.4 and 107.4 cm respectively, in the
following year. This value recorded under DSR is 8.8%
higher than puddled transplanted rice at 30 DAS in the first
year and 8.7% higher in the following year. Similarly at 90
DAS, DSR recorded 5.0% and 4.9% higher plant height in
the first and second year respectively. Throughout the

Treatments details Number of splits Time of N application Total N applied
(DAS/DAT) (kg/ha)

2019 2020 2019 2020 2019 2020
RDN
For TPR 0, 35, 63 30+60+30=120
For DSR 0, 35, 63 30+60+30=120
LCC threshold <4
For TPR 5 25,45,65,85, 95 23+23+23+23+23=115
For DSR 5 25,45,65,85, 95 23+23+23+23+23=115
SPAD 30
For TPR 5 25,45,65,85, 95 23+23+23+23+23=115
For DSR 5 25,45,65,85, 95 23+23+23+23+23=115
Rice-Wheat Crop Manager Recommendation
For TPR 3 0, 40, 70 33+38+38=109
For DSR 3 0, 48, 85 33+38+38=109
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Table 3. Total rainfall, effective rainfall and irrigation water applied as per treatment

[Vol. 70, No. 3

Irrigation treatment Consumptive Total rainfall Effective rainfall Irrigation water
use (mm) (mm) (mm) applied (mm)

2019 2020 2019 2020 2019 2020 2019 2020

Continuously submerged 1579.0 1556.03 1140.3 1363.66 722.88 681.83 856.12 874.20

at 5 cm depth

Intermittent submergence of 1524.5 1501.48 1140.3 1363.66 722.88 681.83 801.62 819.65

5 +2 cm and irrigation after

5 days of disappearance of

water from the soil surface

Intermittent submergence of 1409.3 1386.33 1140.3 1363.66 722.88 681.83 686.42 704.50

5+ 2 cm and irrigation after
10 days of disappearance of
water from the soil surface

All the data collected were subjected to Analysis of Variance (ANOVA) at p < 0.05 as described by Gomez and Gomez (1984) using statistical
tool for agricultural research” (STAR v.2.0.1). For all graphical illustration, OriginPro, Version 2025 (OriginLab Corporation, Northampton,

MA, USA) was used.

period of study, DSR was found more suitable, giving a su-
perior growth attributes compared to TPR. The higher
value of dry matter accumulation (31.8 and 174.4 g/m row
length; 35.1 and 179.6 g/m row length), CGR (5.3 and 17.0
g/m*day; 5.8 and 17.2 g/m?*/day), LAI (1.3 and 3.7; 1.4 and
3.7) at 30 and 90 DAS respectively, in the first and second
year was recoded under DSR. These findings could be at-
tributed to the faster initial growth under DSR due to the
direct sowing of seeds, leading to earlier establishment and
a competitive advantage over weeds. This early establish-
ment phase allows DSR plants to utilize available re-
sources such as light, water, and nutrients more efficiently
from the start, promoting faster vertical growth compared
to transplanted rice which takes time to recover and estab-
lish after transplanting. Due to their early and rapid growth,
plants can establish a robust canopy faster than PTR plants.
This larger canopy can enhance photosynthetic efficiency
and biomass accumulation (Bi and Zhou, 2021). DSR
plants often establish a more extensive leaf area quickly,
enhancing their photosynthetic capacity. This larger leaf
area index (LAI) increases light interception and photosyn-
thetic efficiency, contributing to a higher CGR (Dongre
etal, 2023).

Effect of irrigation scheduling

A significant influence of irrigation scheduling was ob-
served during the study period on the crop’s growth attrib-
uting factors (Table 4 and 5). At 30 DAS, intermittent sub-
mergence of 5 +2 cm and irrigation after 5 days of disap-
pearance of water from the soil surface (I,) recorded the
highest plant height (39.0 and 39.9 cm), dry matter content
(29.4 and 32.9 g/m row length), CGR (4.9 and 5.4 g/m?/
day) and LAI (1.2 and 1.3) in the first and second year re-

spectively. Similarly, at 90 DAS, I, recorded the highest
values in terms of plant height (106. and 109.2 cm), dry
matter accumulation (178.6 and 183.3 g/m row length),
CGR (17.4 and 17.7 g/m*/day) and LAI (3.8 and 3.9). This
finding suggests that the balance between water availabil-
ity and periods of aeration in I, enhances cell elongation
and overall plant vigour. In contrast, continuous submer-
gence in [, while preventing water stress, may limit oxygen
availability to roots, resulting in a significant reduction in
soil redox potential and the heavy influx of flood water
promotes runoff, volatilization and deep percolation which
leads to loss of sizeable amount of nutrients and ultimately
causes nutrient deficiency in soil (Kumar et al., 2021),
which may slightly inhibit height growth. The longer inter-
vals between irrigations in L, likely induced periodic water
stress, leading to reduced plant height compared to I,.
Throughout the period of study, the lowest plant height, dry
matter, CGR and LAI was observed under treatment in-
volving intermittent submergence of 5 + 2 cm and irriga-
tion after 10 days of disappearance of water from the soil
surface (I,)

Effect of nitrogen management practices

Nitrogen management through Rice-wheat crop man-
ager (RWCM) was found significantly higher than other
treatments in terms of CGR and LAI but reported to be at
par with LCC threshold < 4 under plant height and dry
matter accumulation (Table 4 and 5). This trend was ob-
served during both years of study and under both the days
of observation. Nonetheless, RWCM recorded the highest
plant height (38.0 and 108.4 cm; 39.1 and 110.4 cm), dry
matter accumulation (30.4 and 180.4 g/m row length; 33.5
and 185.7 g/m row length), CGR (5.0 and 17.3 g/m?*/day;
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Table 4. Effect of crop establishment, irrigation schedule, and precision nitrogen management on plant height and dry-matter accumulation of

rice at 30 and 90 DAS
Treatment™® Plant height Dry-matter accumulation
(cm) (g/m row length)
30 DAS/DAT 90 DAS/DAT 30 DAS/DAT 90 DAS/DAT
2019 2020 2019 2020 2019 2020 2019 2020
Main-plots treatment
Crop establishment
CE, 34.4 353 100.2 102.4 24.9 27.9 166.8 171.8
CE, 37.5 38.4 105.3 107.4 31.8 35.1 174.4 179.6
SEm+ 0.57 0.56 1.54 1.58 0.39 0.43 2.40 2.47
CD (P=0.05) 1.80 1.77 4.85 4.97 1.21 1.36 7.57 7.79
Irrigation scheduling
I, 35.5 36.3 103.2 105.8 28.5 31.7 170.6 175.9
I, 39.0 39.9 106.4 109.2 29.4 329 178.6 183.3
I, 334 345 98.6 99.7 27.1 29.9 162.6 167.9
SEm+ 0.70 0.69 1.89 1.93 0.47 0.53 2.94 3.03
CD (P=0.05) 221 2.17 5.94 6.09 1.49 1.66 9.27 9.53
Sub-plots treatment
Nitrogen Management
N, 34.5 35.1 96.6 97.9 26.1 29.5 160.9 166.0
N, 35.0 359 101.0 103.7 27.8 31.0 166.8 171.9
N, 36.5 37.3 104.9 107.5 28.9 31.9 174.4 179.4
N, 38.0 39.1 108.4 110.4 30.4 335 180.4 185.7
SEmz+ 0.63 0.62 1.73 1.77 0.46 0.51 2.69 2.77
CD (P=0.05) 1.81 1.78 4.98 5.07 1.31 1.45 7.72 7.95

*For treatment details, please refer Table 1.

5.6 and 17.6 g/m?*/day) and LAI (1.3 and 3.8; 1.4 and 3.8)
at 30 and 90 DAS and in the first and second year respec-
tively. RWCM approach likely provided a more tailored
nitrogen application, aligning with the specific needs of the
crop at various growth stages. Such precision in nitrogen
management ensures that plants receive adequate nutrients
for optimal growth, promoting cell elongation and overall
plant height, biomass accumulation, LAI and CGR. In con-
trast, the RDN approach might provide nitrogen in less
optimal amounts or timing, and sensor-based methods
(LCC and SPAD) could have had limitations in consis-
tently detecting the precise nitrogen needs.

Yield parameter

Effect of crop establishment methods

The crop’s seed yield, straw yield and harvest index
were significantly influence by the crop establishment
method (Table 6). In the first year, DSR recorded a seed
yield of 4661 kg/ha, straw yield of 6974 kg/ha and harvest
index of 40.0%. In the second year, the DSR recorded 10%
higher seed yield, 7.4% higher straw yield and 2.9% higher
harvest index compared to PTR. The enhanced vegetative

growth and better overall plant health in DSR could have
contributed to the increased yield attributes. Singh et al.
(2017b) found that DSR promotes better biomass accumu-
lation, leading to higher straw yields. Farooq et al. (2011)
and Chauhan et al. (2017) also demonstrated that DSR can
lead to higher grain yields due to improved plant establish-
ment and reduced labour and water inputs. A higher harvest
index in DSR suggests more efficient partitioning of biom-
ass to the grain. Studies by Pathak et al. (2011) and Pandey
and Velasco (2002) also reported that DSR can improve
harvest index by promoting better resource allocation and
reducing losses during establishment.

Effect of irrigation scheduling

The irrigation scheduling had a profound impact on the
crop’s seed yield, straw yield and harvest index (Table 6).
In the initial year, intermittent submergence of 5 = 2 cm
and irrigation after 5 days of disappearance of water from
the soil surface (I,) achieved a seed yield of 4870 kg/ha, a
straw yield of 7068 kg/ha, and a harvest index of 40.8%
which was higher than the rest of the irrigation scheduling
treatment. In the subsequent year, similar trend was
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Table 5. Effect of crop establishment, irrigation schedule, and precision nitrogen management on CGR and LAI of rice at 30 and 90 DAS.

Treatment™* CGR (g/m?day) LAI
30 DAS/DAT 90 DAS/DAT 30 DAS/DAT 90 DAS/DAT
2019 2020 2019 2020 2019 2020 2019 2020

Main-plots treatment

Crop establishment

CE, 4.1 4.6 16.5 16.7 1.1 1.1 3.6 3.7

CE, 5.3 5.8 17.0 17.2 1.3 1.4 3.7 3.7
SEm+ 0.06 0.07 0.23 0.24 0.02 0.02 0.05 0.05
CD (P=0.05) 0.20 0.23 0.74 0.75 0.05 0.06 NS NS

Irrigation scheduling

I, 4.7 5.2 16.8 17.0 1.2 1.3 3.7 3.7

I, 4.9 5.4 17.4 17.7 1.2 1.3 3.8 3.9

I 4.5 4.9 16.1 16.2 1.1 1.2 3.5 3.5
SEm+ 0.08 0.09 0.29 0.29 0.02 0.02 0.06 0.07
CD (P=0.05) 0.25 0.28 0.91 0.92 0.06 0.07 0.20 0.20

Sub-plots treatment

Nitrogen Management

N, 4.3 4.9 16.3 16.5 1.1 1.2 3.5 3.6

N, 4.6 5.1 16.5 16.7 1.2 1.2 3.6 3.6

N, 4.8 53 17.0 17.2 1.2 1.3 3.7 3.7

N, 5.0 5.6 17.3 17.6 1.3 1.4 3.8 3.8
SEm: 0.08 0.08 0.26 0.27 0.02 0.02 0.06 0.06
CD (P=0.05) 0.22 0.24 0.76 0.77 0.06 0.06 0.17 0.17

*For treatment details, please refer Table 1.

observed where I, continued to outperform the rest of the
treatment. Throughout the study period, the lowest yield
attributing factors were recorded with intermittent submer-
gence of 5+ 2 cm and irrigation after 10 days of disappear-
ance of water from the soil surface (I,). The positive impact
of intermittent irrigation (I,) on the growth attributes of rice
has translated into improvements in yield parameters.
These results align with the findings of Chapagain and
Yamaji (2010) and dos Santos et al. (2024), which demon-
strated that intermittent irrigation leads to higher yields.

Effect of nitrogen management practices

A significant influence of nitrogen management prac-
tices was observed on the seed yield, straw yield and har-
vest index of rice during the experimental period (Table 6).
RWCM recorded the highest seed yield (4802 and 4987 kg/
ha), straw yield (7098 and 7399 kg/ha) and harvest index
(40.3 and 40.1%) in the first and second year respectively.
This was followed by SPAD-30, LCC threshold < 4 and
RDN. The targeted application in RWCM may have en-
sured that nitrogen is not wasted, while also providing the
crop with the necessary nutrients at the optimal time for
uptake, leading to better growth and yield. This tailored
approach enhances nitrogen use efficiency and minimizes

losses due to leaching or volatilization, leading to improved
plant growth and yield attributes (Balasubramanian, 2002;
Witt et al., 2007). The use of RWCM, LCC threshold < 4
and SPAD-30 for nitrogen management in crops like wheat
and rice leads to higher yield attributes and seed yield due
to the precise application of nitrogen when the plant needs
it.

Soil nutrient status

Available nitrogen

Data from Fig. 1 indicate that direct-seeded rice (DSR)
consistently outperformed puddled transplanted rice (PTR)
in soil nitrogen availability over both years. DSR exhibited
nitrogen levels of 244.30 kg/ha and 238.99 kg/ha in the
first and second years, respectively, while PTR showed
lower nitrogen levels of 223.57 kg/ha and 216.87 kg/ha in
the same periods.

Water management practices significantly influenced
soil nitrogen availability, with treatment I, yielding the
highest nitrogen levels of 245.87 kg/ha and 239.87 kg/ha in
the first and second years, followed by I, with 232.86 kg/
ha and 226.86 kg/ha. The lowest nitrogen levels were ob-
served under treatment I, recording 223.07 kg/ha and
217.06 kg/ha in the respective years. Regarding nitrogen
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Table 6. Effect of crop establishment, irrigation schedule, and precision nitrogen management on grain yield, strawy yield and harvest index

Treatment™® Grain yield Straw yield Harvest index
(kg/ha) (kg/ha) (%)
2019 2020 2019 2020 2019 2020

Main-plots treatment

Crop establishment

CE, 4,254 4,383 6,463 6,749 39.6 39.0

CE, 4,661 4,822 6,974 7,251 40.0 40.2
SEm+ 46 47 67 70 0.40 0.39
CD (P=0.05) 144 149 212 221 NS NS

Irrigation scheduling

I 4,501 4,646 6,779 7,061 39.9 39.7

I, 4,870 5,015 7,068 7,339 40.8 40.6

I, 4,002 4,147 6,309 6,601 38.7 38.6
SEm+ 56 58 83 86 0.49 0.48
CD (P=0.05) 177 182 260 271 1.53 1.52

Sub-plots treatment

Nitrogen Management

N, 4,086 4,176 6,338 6,598 39.1 39.0

N, 4,311 4,495 6,581 6,847 39.5 39.5

N, 4,632 4,753 6,859 7,156 40.2 39.8

N, 4,802 4,987 7,098 7,399 40.3 40.1
SEmz+ 50 52 76 79 0.45 0.45
CD (P=0.05) 143 148 217 226 NS NS

*For treatment details, please refer Table 1.

management, while no significant differences were found,
the Recommended dose of fertilization (N,) consistently
resulted in the highest soil nitrogen content of 237.04 kg/
ha in the first year and 233.04 kg/ha in the second year.
Conversely, SPAD-30 (N,) recorded the lowest nitrogen
content across both years. Higher soil nitrogen in DSR may
be attributed to reduced denitrification and better nitrogen
retention under aerobic conditions compared to flooded
PTR (Weller et al., 2014). Consistently higher nitrogen lev-
els under treatment I, suggest that optimal water availabil-
ity supports microbial activity and minimizes nitrogen
losses (Shekhar ef al., 2021). Although nitrogen manage-
ment effects were not statistically significant, the trend
under N, indicates that a stable, recommended fertilization
dose helps maintain soil nitrogen levels effectively.

Available phosphorus

DSR consistently outperformed PTR in soil phosphorus
availability over both years (Fig. 1). DSR showed phospho-
rus levels of 18.42 kg/ha and 16.44 kg/ha in the first and
second years, respectively, while PTR exhibited lower
phosphorus levels of 16.18 kg/ha and 14.56 kg/ha during
the same periods. The absence of puddling in DSR reduces
the destruction of soil aggregates and preserves beneficial

microbial communities involved in phosphorus solubiliza-
tion, thus contributing to higher phosphorus levels ob-
served over both years. Similar finding was also reported
by Hazra et al. (2024) where, DSR resulted in higher soil
available P over PTR. Irrigation scheduling significantly
influenced soil phosphorus availability, with treatment I,
producing the highest phosphorus levels of 18.53 kg/ha
and 16.72 kg/ha in the first and second years, respectively.
Treatment I, followed closely with phosphorus contents of
17.38 kg/ha and 15.58 kg/ha. The lowest phosphorus lev-
els were observed under treatment I , with 16.00 kg/ha and
14.21 kg/ha in the respective years. Under nitrogen man-
agement, the Rice-Wheat Crop Manager Recommendation
(N,) consistently resulted in the highest soil phosphorus
content of 17.66 kg/ha in the first year and 15.84 kg/ha in
the second year. Conversely, the lowest phosphorus content
(16.92 kg/ha and 15.18 kg/ha) was recorded under RDN

(N).

Available potassium

The study found that direct-seeded rice had significantly
higher soil potassium content compared to puddled trans-
planted rice (Fig. 1). Direct-seeded rice recorded potassium
levels of 197.71 kg/ha and 188.07 kg/ha in the first and
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Fig. 1. Effect of crop establishment, irrigation schedule, and preci-
sion nitrogen management on soil available NPK (average
data of 2 years)

second years, respectively, whereas puddled transplanted
rice had potassium levels of 75.07 kg/ha and 166.37 kg/ha
during the same periods. Higher soil potassium under DSR
may be due to reduced leaching and better soil structure
compared to flooded PTR conditions, which often enhance
potassium loss (Mondal et al., 2019). Additionally, irriga-
tion scheduling had a notable impact on soil potassium
content. Treatment I, showed the highest potassium con-
tent, with 200.23 kg/ha and 191.07 kg/ha in the first and
second years, respectively, significantly higher than other
water management treatments. Conversely, treatment I1
recorded the lowest potassium content, with 171.64 kg/ha
and 162.46 kg/ha in the respective years. Nitrogen manage-
ment did not show significant effects on soil potassium
content across both study years.

Water use

Irrigation water applied from sowing/transplanting to
harvest (cm)

Fig. 2 presents data on irrigation water applied (cm)
from sowing/transplanting to harvest, influenced by crop
establishment method, irrigation scheduling, and nitrogen
management. PTR required more irrigation water (36.89
and 45.76 cm) compared to DSR (31.67 and 40.89 c¢cm) in
the first and second years, respectively. DSR reduced wa-
ter use by 16.48% and 11.91% in the two years. The least
water application was recorded under intermittent submer-

50
Irrigation water applied (cm)
1 % [E—] Water use efficiency (%)
40 c2RENEC I
304(. .
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Fig. 2. Effect of crop establishment, irrigation schedule, and preci-
sion nitrogen management on irrigation water applied and
water use efficiency (average data of 2 years)
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gence (I,) at 30.98 and 37.76 cm, followed by I, (34.61 and
42.19 cm). Continuous submergence (I,) required the high-
est water (38.97 and 47.87 cm). Differences between I,
and I, were statistically insignificant. Nitrogen levels had
no significant effect on irrigation water applied in either
year.

Water use efficiency

The data in Fig. 2 show that crop establishment, water
management, and nitrogen management practices had sig-
nificant impacts on water use efficiency (WUE) over both
experimental years. Direct-seeded rice demonstrated higher
WUE, with values of 3.92% and 4.07% in the first and sec-
ond years, respectively, compared to 3.49% and 3.61% for
puddled transplanted rice. The higher WUE in DSR is at-
tributed to more effective utilization of rainfall and reduced
non-beneficial water losses (e.g., deep percolation and sur-
face evaporation). Farooq et al. (2011) indicated that DSR
systems have up to 40% higher WUE than puddled trans-
planting, primarily due to better water management and
reduced wastage. Regarding irrigation scheduling, I,
achieved the highest WUE of 3.98% and 4.09% in the first
and second years, respectively, which were significantly
higher than those under I, (3.61% and 3.76%). I, strikes a
balance between water availability and water use, provid-
ing sufficient water during critical growth periods while
avoiding excessive water application. This balance ensures
that the water applied is used productively, leading to
higher water productivity and increase water use efficiency.
Comparing to I,, which is an extended period of dry days,
which may have led to some stress in plant, leading to
lower utilization of water and some extent of moisture dep-
rivation when needed. Gathala et al. (2011) demonstrated
that optimal intermittent submergence regimes like I, can
enhance water productivity and WUE. The lowest WUE
was observed under I, with values of 3.52% and 3.66%.
However, I, and I, did not show statistically significant
differences. Nitrogen management also significantly influ-
enced WUE. The Rice-Wheat Crop Manager Recommen-
dation (N,) resulted in the highest WUE (4.02% and
4.17%) compared to all other nitrogen management treat-
ments. This was followed by SPAD 30 (3.85% and 3.96%),
LCC threshold <4 (3.57% and 3.74%), and RDN (3.37%
and 3.50%). Proper nitrogen management can enhance
water use efficiency (WUE) and water productivity in rice
cultivation by optimizing plant growth and development,
leading to more effective utilization of water resources.
According to Sinclair and Vadez (2012), optimized nitro-
gen application enhances root proliferation and depth, lead-
ing to better water extraction and utilization, thereby im-
proving WUE.

Based on the two years of experimentation, direct
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seeded rice with Intermittent submergence of 5 + 2 cm and
irrigation after 5 days of disappearance of water from the
soil surface along with Rice-Wheat crop manager can be
recommended for better crop growth, yield, quality and
economics of rice under Agro-climatic condition of
Varanasi region.
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