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ABSTRACT

A field experiment was conducted during two consecutive Kharif seasons of 2024 and 2025 to evaluate the
influence of nutrient management and weed management practices on nutrient uptake, weed suppression
efficiency, and yield of rice. The experiment was laid out in a split-plot design with four nutrient management
treatments in main plots (Control, 100% RDF, 75% RDF + nano urea spray, and 75% RDF + foliar urea
spray) and five weed management treatments in subplots (Pyrazosulfuron-ethyl, Bispyribac sodium,
Pyrazosulfuron-ethyl fb Bispyribac sodium, weed-free, and weedy check). Results indicated that 75% RDF+
nano urea spray significantly enhanced nitrogen, phosphorus, and potassium uptake in both grain and
straw, which finally resulted in higher grain yield. Among weed control practices, the weed-free plots
recorded the highest nutrient uptake and grain yield, comparable with sequential application of
Pyrazosulfuron-ethyl followed by Bispyribac sodium. The lowest nutrient uptake and yield were observed
under the weedy check due to severe crop-weed competition. The findings emphasize the importance of
integrating balanced fertilization with effective weed management for maximizing nutrient uptake and

productivity in rice.
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Introduction

Rice (Oryza sativa L.) is the most vital staple food
crop for more than half of the world’s population
and forms the backbone of food and livelihood secu-
rity across Asia. In India, the transplanted rice pro-
duction system dominates due to its advantages
such as uniform plant establishment, better field

management and high yield potential compared to
direct-seeded systems (Chaudhary et al., 2020).
However, maximizing the yield potential of trans-
planted rice depends largely on two critical agro-
nomic components: balanced nutrient management
and effective weed management.

Nutrient management plays a significant role in
enhancing crop growth, biomass accumulation and
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grain development. Nitrogen (N) is essential for leaf
area development and chlorophyll formation; phos-
phorus (P) supports root proliferation and energy
transfer, while potassium (K) strengthens enzymatic
activity, water regulation and stress resistance. Ad-
equate and balanced application of these nutrients
has been reported to significantly improve growth
attributes, dry matter accumulation, nutrient uptake
and grain yield in transplanted rice (Manda Harika
et al., 2025). Research evidence suggests that nutrient
levels higher than the standard recommended dose,
such as 125-150% RDF, can enhance nutrient uptake
efficiency and grain yield in nutrient-responsive
ecosystems (Kakade et al., 2023).

The timing and method of nutrient application
are equally important. Split nitrogen application and
band placement of phosphorus ensure synchroniza-
tion of nutrient supply with crop demand, thereby
improving nutrient use efficiency. Foliar nutrient
supplementation during critical stages such as
tillering and panicle initiation has also resulted in
improved growth and nutrient uptake (Rastogi et al.,
2024). These findings highlight the importance of
developing nutrient management strategies that
optimize both nutrient supply and uptake.

Weed competition is one of the most serious bi-
otic stress factors causing major yield losses in trans-
planted rice. Weeds compete aggressively with rice
plants for nutrients, water, light and space, espe-
cially during the early vegetative stages. Yield re-
duction due to weeds can range from 40% to 60%
depending on species dominance and weed pres-
sure (Samant and Dhir, 2020). Weeds such as
Echinochloa crus-galli, Cyperus difformis, broadleaf
weeds and sedges absorb large quantities of applied
nitrogen and phosphorus, thereby reducing the nu-
trient pool available to the rice crop. Thus, efficient
weed control is indispensable not only for reducing
competition but also for enhancing nutrient uptake
by the crop.

Traditional hand weeding at 20 and 40 days after
transplanting (DAT) is effective but increasingly
constrained due to high labour cost and unavailabil-
ity (Chaudhary et al., 2020). Herbicides, especially
pre-emergence chemicals like pretilachlor and
pyrazosulfuron-ethyl, and post-emergence herbi-
cides such as penoxsulam and bispyribac-sodium,
have been shown to effectively reduce weed biom-
ass and improve weed-control efficiency, resulting
in higher nutrient uptake and yield (Samant and
Dhir, 2020).
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Integrated Weed Management (IWM), combining
herbicides with manual weeding, provides sustain-
able and effective weed suppression across the crop
cycle. IWM reduces weed pressure during the criti-
cal competition period (first 40 days), ensuring that
applied nutrients are preferentially absorbed by the
crop rather than weeds (Rastogi et al., 2024). Im-
proved nutrient uptake under IWM leads to higher
tillering, better root growth and enhanced yield at-
tributes such as panicles per square meter, grains
per panicle and grain weight.

The interaction between nutrient levels and weed
management practices is crucial in determining rice
performance. Under uncontrolled weedy condi-
tions, weeds capture a large portion of applied nu-
trients, reducing nutrient uptake by the rice crop
and thereby lowering grain yield. Conversely, under
well-managed weed control practices, higher nutri-
ent availability is efficiently utilized by the rice
plant, resulting in improved nutrient uptake of N, P
and K and enhanced grain yield (Priyankabai et al.,
2024). Thus, nutrient management cannot be fully
effective without proper weed management.

Considering the rising cost of fertilizers, in-
creased labour scarcity, and evolving weed flora,
understanding the combined effects of nutrient lev-
els and weed management practices is essential for
designing sustainable rice production systems. The
present study was therefore undertaken to investi-
gate the response of transplanted rice to different
nutrient levels and weed management practices, fo-
cusing on their influence on growth, nutrient uptake
and grain yield. The study aims to identify the most
effective combinations of nutrient supply and weed
control strategies for realizing higher productivity
and nutrient-use efficiency in transplanted rice un-
der prevailing production conditions.

Keeping the above views under consideration,
the present experiment has been planned and ex-
ecuted.

Materials and Methods

This investigation was executed during kharif season
of 2024 and 2025 at Agronomy Research Farm,
Kumarganj, Ayodhya, Acharya Narendra Deva
University of Agriculture and Technology. Geo-
graphically the experimental site (Kumarganj,
Ayodhya) falls under humid subtropical climate
and is located at 26.47 °N latitude and 82.12 °E lon-
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gitude at an altitude of 113 meter above the mean
sea level. The soil of experimental field was silty
loam, comprising 27.5% sand, 54% silt, and 18.5%
clay, with an electrical conductivity of 0.28 and 0.27
dS/m, slightly alkaline in reaction with a pH of 8.31
and 8.28, low in organic carbon (0.37% and 0.36%),
low in available nitrogen (175.25 and 178.62 kg /ha)
and available phosphorus (16.02 and 16.17 kg/ha)
and moderate in available potassium (217.08 and
229.34 kg/ha). Standard agronomic practices recom-
mended for rice were followed uniformly in all plots
except for the applied treatments.

Experimental Design and Layout A split-plot de-
sign was adopted with three replications. Rice vari-
ety Sarjoo-52 was transplanted at a spacing of 20 x
10 cm. Gross Plot Size: 4.0 x 6.0 m Net Plot Size: 3.2
x 5.0 m Total number of treatment combinations: 20
Factor A and B were assigned to main plots and sub-
plots respectively. Factor A: Nutrient Management
(Main Plot) N;: Control, N,: 100% RDF (120:60:60 kg
N:P,0,:K,O per ha), N.: 75% RDF + two sprays of
Nano Urea @ 4 ml/L at 30 & 60 DAT and N: 75%
RDF + two sprays of Urea @ 2% at 30 & 60 DAT Fac-
tor B: Weed Management (Sub-Plot) W.:
Pyrazosulfuron-ethyl @ 15 g a.i./ha (PE), W.:
Bispyribac sodium @ 25 g a.i./ha (PoE), W.:
Pyrazosulfuron-ethyl (PE) fb Bispyribac sodium
(PoE), W: Weed-free (hand weeding) and W.:
Weedy check.
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Results and Discussion

Grain yield

The data presented in Table 1 revealed that nutrient
management significantly influenced grain yield.
The highest yield was obtained under 75% RDF +
Nano Urea (50.40 and 51.88 q/ha), followed by
100% RDF (45.88 and 46.92 q/ha), The superior per-
formance of 75% RDF + Nano Urea may be attrib-
uted to higher nutrient uptake, enhanced photosyn-
thetic efficiency, and improved physiological activ-
ity. According to Kowsalya et al., (2023), optimal ni-
trogen and potassium levels greatly contribute to
yield enhancement by promoting vigorous tillering
and better panicle development. The control treat-
ment recorded the lowest yield.

Weed management significantly influenced grain
yield. The highest yield was recorded under weed-
free (51.27 and 53.16 q/ha), followed closely by the
W, treatment (48.78 and 49.32 q/ha). This clearly
demonstrates the effectiveness of sequential herbi-
cide application in maintaining a weed-free environ-
ment during the crop’s critical growth stages. The
lowest yield (33.35 and 33.88 q/ha) was obtained in
the weedy check, which aligns with the findings of
Chauhan and Johnson (2011), who reported yield
losses of 40-80% in rice due to unchecked weed
competition.

Table 1. Response of transplanted rice (Oryza sativa L.) to nutrient levels and weed management practices in relation

to grain yield.

Treatments Grain yield

2024 2025
Nutrient Management
Control 34.18 34.89
100% RDF (120:60:60 kg NPK/ha) 45.88 46.92
75%RDEF + Two Spray Nano Urea @ 4ml/L. at 30 & 60 DAT 50.40 51.88
75%RDF + Two Spray of Urea @ 2% Solution at 30 & 60 DAT 42.03 42.72
Sem (+) 1.13 1.23
CD at 5% 3.90 4.27
Weed Management
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) 39.06 39.89
Bispyribac sodium 10% @ 25 g a.i. /ha (PoE) 43.16 44.27
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) fb Bispyribac sodium 10% 48.78 49.32

@25 g a.i. /ha (PoE)

Weed free 51.27 53.16
Weedy check 33.35 33.88
Sem (+) 1.64 1.70
CD at 5% 4.73 491
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Nitrogen Uptake in grain and straw

The results in Table 2 clearly showed that nitrogen
uptake in grain and straw increased significantly
with increasing nutrient application. The highest
total nitrogen uptake was recorded under 75%
RDF+ Nano Urea spray, (90.96 and 95.02 kg /ha dur-
ing 2024 and 2025, respectively). owing to the faster
absorption and higher use efficiency of nano-sized
nitrogen particles. Yadav et al., (2021) also noted that
nano urea increases N uptake by 8-12% over con-
ventional sources.

The second-highest nitrogen uptake was ob-
served under 100% RDF, This enhanced uptake can
be attributed to improved nitrogen availability, bet-
ter root proliferation, and efficient nutrient absorp-
tion. These findings align with those of Singh et al.,
(2020), who reported that balanced NPK application
leads to higher N accumulation due to improved
crop vigour and biomass.

The lowest nitrogen uptake was found in the con-
trol, confirming the essential role of external nitro-
gen supply.

Among weed control practices, weed free re-
corded the highest nitrogen uptake (92.51 and 97.10
kg/ha) fb W, (Pyrazosulfuron-ethyl fb Bispyribac
sodium). Sequential herbicide use effectively con-
trolled both early and late emerging weeds, reduc-
ing competition for nutrients. Chauhan (2012) re-
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ported similar results, suggesting that Weed-free
plots lead to higher nutrient recovery. The herbicide
sequences also maintained high N uptake, compa-
rable to weed free. Weedy check treatments showed
the lowest N uptake, indicating severe nutrient
depletion due to competitive weeds.

Phosphorus Uptake in grain and straw

In Table 3 it shows that Phosphorus uptake followed
a similar pattern to nitrogen. The maximum P,0,
uptake was recorded under 75% RDF + Nano urea
(26.27 and 27.29 kg/ha). The availability of phos-
phorus increases with better soil nutrient balance
and enhanced microbial activity, as reported by
Ramesha (2022). following best treatment was 100%
RDF, which maintained a nutrient environment
favourable for P uptake. Control plots recorded the
lowest P uptake.

Potassium Uptake in grain and straw

In Table 4 it shows that Potassium uptake was
greatly influenced by nutrient treatments. The high-
est K,O uptake (136.31 and 141.39 kg/ha) was ob-
served under 75% RDF + Nano urea spray, which
may be linked to balanced nutrition improving over-
all plant health and potassium transport. Singh and
Singh (2017) also reported that adequate NPK levels
ensure better K translocation in cereals. Foliar urea

Table 2. Response of transplanted rice (Oryza sativa L.) to nutrient levels and weed management practices in relation

to N uptake in grain and straw.

Treatments N, uptake in grain N, uptake in stover Total N, uptake
2024 2025 2024 2025 2024 2025

Nutrient Management

Control 34.85 35.98 14.43 15.26 49.28 51.24

100% RDF (120:60:60 kg NPK/ha) 53.18 54.87 26.77 28.53 79.95 83.39

75%RDF + Two Spray Nano Urea @ 4ml/L. at 59.75 62.06 31.21 32.89 90.96 95.02
30 & 60 DAT

75%RDF + Two Spray of Urea @ 2% Solution at 46.50 48.63 23.01 24.46 69.57 73.22
30 & 60 DAT

Sem () 1.94 2.04 1.13 1.20 3.01 3.08

CD at 5% 6.73 7.07 3.90 4.15 10.43 10.65

Weed Management

Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) 42.43 43.72 20.81 21.96 63.24 65.85

Bispyribac sodium 10% @ 25 g a.i. /ha (PoE) 48.53 50.42 24.27 25.69 72.96 76.28

Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) fb 57.24 58.37 29.46 31.12 86.69 90.07
Bispyribac sodium 10% @ 25 g a.i. /ha (PoE)

Weed free 61.01 63.81 31.50 33.21 92.51 97.10

Weedy check 33.65 35.60 13.24 14.45 46.81 49.30

Sem () 2.80 2.85 1.46 1.68 4.00 4.04

CD at 5% 8.07 8.20 4.20 4.83 11.51 11.63
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at 2% showed comparatively lower K uptake due to
reduced basal nutrient levels in soil. Weedy check
treatments showed the lowest P & K uptake, indicat-
ing severe nutrient depletion due to competitive
weeds.

Phosphorus and Potassium uptake a similar
trend was found for phosphorus and potassium
uptake. weed-free plots and W, remained statisti-
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cally at par, followed by W, and W,. The minimum
uptake of P,0O, and K,O in the weedy check was con-
sistent with the findings of Rao and Nagamani
(2010), who emphasized that weeds remove enor-
mous quantities of nutrients, especially in rice fields.

Interaction Effects (Nutrient x Weed Management)

Although individual effects were significant, the in-

Table 3. Response of transplanted rice (Oryza sativa L.) to nutrient levels and weed management practices in relation

to PZO5 uptake in grain and straw.

Treatments P,O, uptake P,O, uptake Total P,0O;
in grain in stover uptake
2024 2025 2024 2025 2024 2025
Nutrient Management
Control 11.22 11.49 5.16 5.35 16.38 16.84
100% RDF (120:60:60 kg NPK/ha) 15.92 16.38 7.76 8.03 23.68 2447
75%RDF + Two Spray Nano Urea @ 4ml/L. at 30 & 60 DAT  17.82 18.37 8.45 8.86 26.27 27.29
75%RDF + Two Spray of Urea @ 2% Solution at 30 & 60 DAT 14.40 14.73 6.85 7.19 21.25 21.92
Sem (+) 0.44 0.50 0.27 0.27 0.72 0.74
CD at 5% 1.54 1.72 0.93 0.94 2.51 2.56
Weed Management
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) 13.21 13.53 6.37 6.68 19.58 20.21
Bispyribac sodium 10% @ 25 g a.i. /ha (PoE) 14.85 15.32 7.21 7.48 22.06 22.79
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) fb 17.12 17.40 8.28 8.59 25.40 26.00
Bispyribac sodium 10% @ 25 g a.i. /ha (PoE)
Weed free 18.13 18.84 8.55 8.89 26.68 27.88
Weedy check 10.89 11.12 4.87 5.14 15.76 16.27
Sem (+) 0.66 0.75 0.33 0.35 0.89 0.99
CD at 5% 1.90 2.16 0.96 1.01 2.57 2.84

Table 4. Response of transplanted rice (Oryza sativa L.) to nutrient levels and weed management practices in relation

to K,O uptake in grain and straw.

Treatments K,O uptake K,O uptake Total K,O
in grain in stover uptake

2024 2025 2024 2025 2024 2025
Nutrient Management
Control 11.06 11.36 77.80 79.63 88.86 91.00
100% RDF (120:60:60 kg NPK/ha) 15.69 16.14  108.18 112.71 123.87 128.84
75%RDF + Two Spray Nano Urea @ 4ml/L. at 30 & 60 DAT 17.39 18.02 11892 123.38 136.31 141.39
75%RDF + Two Spray of Urea @ 2% Solution at 30 & 60 DAT  14.08 14.44 99.16 10293 11325 117.36
Sem (+) 0.49 0.53 2.80 297 3.13 3.50
CD at 5% 1.69 1.83 9.70 10.27 10.85 12.12
Weed Management
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) 12.98 13.35 92.71 96.34  105.69 109.69
Bispyribac sodium 10% @ 25 g a.i. /ha (PoE) 14.57 15.05 10324 106.28 117.81 121.32
Pyrazosulfuron-ethyl 10% @ 15 g a.i./ha (PE) fb Bispyribac 16.78 17.09 116.00 11949 13278 136.57

sodium 10% @ 25 g a.i. /ha (PoE)

Weed free 17.71 1847 11920 12458 136.90 143.05
Weedy check 10.75 10.99 73.92 76.62 84.67 87.61
Sem (+) 0.59 0.69 3.47 3.72 3.89 4.40
CD at 5% 1.70 1.99 9.98 10.72 11.19 12.69
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teraction effect was generally non-significant for
most parameters. However, combinations involving
75% RDF + Nano Urea x W, and 100% RDF x W,
consistently produced higher nutrient uptake and
yield.

This shows that herbicide efficiency becomes
more pronounced when plants receive adequate
nutrition, supporting the concept of integrated crop
management.

Conclusions

Based on two years of field experimentation, the fol-
lowing conclusions are drawn: 75% RDF + Nano
urea proved most effective in maximizing nitrogen,
phosphorus, and potassium uptake as well as grain
yield of rice. 100% RDF emerged as an energy-sav-
ing and nutrient-efficient option, performing signifi-
cant 75% RDF + nano urea spray.

Among weed management practices, weed-free
plots provided excellent weed suppression, higher
nutrient uptake, and maximum yield, statistically
comparable with Pyrazosulfuron-ethyl fb Bispyribac
sodium (W,). Weedy check recorded the lowest nu-
trient uptake and lowest grain yield, confirming
weeds as a major competitor for nutrients.

Integrating balanced fertilization with weed free
plots use is an efficient approach for achieving
higher productivity and nutrient use efficiency in
rice.

Overall, the study highlights the importance of
adopting integrated nutrient and weed manage-
ment strategies for sustainable rice production.
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