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ABSTRACT: Direct drum seeding has emerged as a viable and alternate
substitute to the current transplanted rice to address constraints of labor
and water scarcity as well as rising cultivation costs. However, heavy weed
infestation is the main biological factor leading to immense yield loss,
which requires immediate attention. Therefore, adoption of efficient weed
management practice is critical for the success and widespread adoption
of direct seeded rice. In this regard, an experiment was laid out at the
Faculty of Agriculture, Wadura, SKUAST of Kashmir, India, in Kharif
seasons of 2018 and 2019 to assess the efficiency of direct seeded rice
(DSR) under two sowing dates (D1: 10th May and D2: 3rd June) and six
weed management strategies (W1: weedy check (untreated check), W2:
four mechanized conoweedings at 15, 30, 45, and 60 DAS (days after
sowing), equivalent to weed free (four conoweedings, equivalent to weed
free), W3: bensulfuron-methyl + pretilachlor @ 60 and 600 g a.i. ha−1 as pre-emergence (BSM + pretilachlor, PE), W4: oxyfluorfen @
750 g a.i. ha−1 as pre-emergence (oxyfluorfen, PE), W5: bensulfuron-methyl + pretilachlor @ 60 and 600 g a.i. ha−1 as pre-emergence
followed by 2,4-D @ 0.75 kg a.i. ha−1 as post-emergence (30−35 DAS) (BSM + pretilachlor PE fb 2,4-D PoE), and W6: oxyfluorfen
@ 750 g a.i. ha−1 as pre-emergence followed by 2,4-D @ 0.75 kg a.i. ha−1 as post-emergence (30−35 DAS) (oxyfluorfen PE fb 2,4-D
PoE) on growth characteristics, productivity, weed infestation, and nutrient dynamics. The pooled results showed that 10th May
sowing recorded significantly higher values of growth characteristics viz. plant height, dry matter production, tiller count, and yield
characteristics, including panicle weight, panicle length, filled grains per panicle, and test weight, as compared to delayed sowing (3rd
June). Earlier sowing (10th May) produced significantly higher grain yield (7.33 t ha−1) and straw yield (8.99 t ha−1) when
compared to the delayed sowing (3rd June) which produced a grain yield of 6.08 t ha−1 and straw yield of 7.93 t ha−1. Among weed
management strategies, four mechanized conoweeding at 15, 30, 45, and 60 DAS resulted in enhanced growth, yield characteristics,
and yield but was statistically similar to bensulfuron-methyl (BSM) + pretilachlor PE fb 2,4-D post-emergence (PoE). Delayed
sowing (3rd June; D2) recorded significantly higher weed density and dry-weed biomass as compared to earlier sowing (10th May;
D1). Among the herbicides tested, sequential application of BSM + pretilachlor PE fb 2,4-D PoE proved an efficient weed
management practice with a significantly reduced population and dry weight of weeds. Therefore, it was concluded that 10th May
sowing with four mechanized conoweedings or sequential application of BSM + pretilachlor PE fb 2,4-D PoE is promising for
improving productivity and efficient weed control in direct drum seeded rice under temperate Kashmir conditions.

■ INTRODUCTION
Rice (Oryza sativa L.) is the most important food crop for the
majority of the world’s population, notably in Asia, where it
accounts for greater than 90% of worldwide rice production and
consumption.1 Rice has been cultivated in Jammu and Kashmir
from time immemorial and is the most prominent staple food
crop, covering an area of 0.28 million hectares with 0.55 MT of
production and 2.1 t/ha of productivity.2 In India, rice is mostly
grown through the traditional transplanting method, but rice
farming practices have changed significantly in response to
technological advancements, manpower and water shortages,
and mounting production costs. Based on the geographical and

agro-climatic conditions, the traditional rice transplanting
system has been replaced with alternative direct sowing with
minor interventions in the last 2 decades. Direct drum seeding,
water seeding, and wet seeding using pre-germinated seeds and
dry direct sowing are some of the rice establishment methods

Received: February 28, 2023
Accepted: June 16, 2023
Published: July 10, 2023

Articlehttp://pubs.acs.org/journal/acsodf

© 2023 The Authors. Published by
American Chemical Society

25861
https://doi.org/10.1021/acsomega.3c01361

ACS Omega 2023, 8, 25861−25876

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohd+Salim+Mir"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Parmeet+Singh"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tauseef+A.+Bhat"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Raihana+H.+Kanth"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Aijaz+Nazir"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ibrahim+Al-Ashkar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Kamran"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Kamran"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Adel+A.+Hadifa"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ayman+El+Sabagh"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c01361&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01361?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01361?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01361?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01361?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/29?ref=pdf
https://pubs.acs.org/toc/acsodf/8/29?ref=pdf
https://pubs.acs.org/toc/acsodf/8/29?ref=pdf
https://pubs.acs.org/toc/acsodf/8/29?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c01361?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


that have evolved, and these approaches hold great potential in
scenarios where labor and water are scarce.3,4 Direct seeded rice
(DSR) currently covers over 29 million hectares in Asia,
accounting for roughly 21% of the entire rice acreage in the
region,5 with Punjab alone surpassing 0.60 million hectares of
DSR in 2021. DSR is a modern rice farming technique that
demands less labor and inputs while boosting and sustaining
productivity andmitigating degradation of soil.6,7 Direct seeding
allows for faster andmore convenient planting, lower labor costs,
7−10 days earlier maturity of crop, less water consumption,
greater resistance to water shortages, reduced emissions of
methane, and provides greater profit in regions having reliable
water supplies.8 Because of water scarcity and rising labor costs,
the DSR area is expected to grow even more in the future.
Moreover, traditional transplanting of rice breaks soil capillary
pores, disperses clay particles, and destroys stability of soil
aggregates due to continuous and repeated puddling, resulting in
creating a hardpan which can be rectified by adopting a DSR
system.9 However, heavy weed infestation in DSR particularly
during early stages is a challenging problem due to the lack of
weed suppressing the action of stagnant water at the emergence
of crops and unavailability of seedlings.9 Severe weed
interference has witnessed about 90% of yield loss in DSR;
furthermore, weeds are the primary biological constraint to the
DSR production.9,10

In India, out of a total economic loss of USD 11 billion caused
by weeds, DSR alone contributes about 21.4% among the 10
major crops.11 Various strategies have been employed
throughout the world to curb the weed menace in the rice
crop, but their effectiveness differs from region to region owing
to many factors. Weed control is critical for achieving improved
yields, most importantly in the initial crop establishment stages.
The reduced growth of the crop due to weed interference during
the early stages could be due to changes in the absorption of red
light and far-red light and also due to the production of
secondary metabolites, i.e., allelochemicals by the weeds, which
suppresses crop growth. The triggered production of reactive
oxygen species, which damages the crop plant cells and reduces
season-long crop growth, which probably is due to reduced red:
far red-light ratio absorption caused by weed shading. Weeding
by hand has proven challenging due to labor shortages, as well as
being time consuming, cumbersome, and an expensive
practice.12 Herbicides are becoming extremely popular because
of their selectivity, efficacy, ease of usage, and potential to reduce
crop cultivation costs. Numerous pre-emergence and post-
emergence herbicides have been successful in controlling weeds
in rice. Different herbicides have been employed to manage
weed flora in DSR crops, but the performance of chemical weed
control methods based on only one herbicide treatment may not
be desirable due to the restricted spectrum of weed control of
these herbicides.13 In the absence of appropriate broad-
spectrum herbicides in rice, administration of herbicides in
combination or sequential applications may be advantageous to
suppress a diverse community of weed flora14 while also
increasing crop growth.15,16 Although several research works
have been done in DSR regarding weed management, but due to
geographical and ecological differences, efficient weed manage-
ment practice for direct drum seeded rice to curb the weed
menace has not been done extensively and concisely under
temperate ecology.17 A drum seeder is handy equipment and is
being efficiently utilized in different crops. It not only saves time
and labor but also facilitates maintenance of proper planting
geometry and optimum utilization of resources. It has been

reported that there are lower18 or even higher19 yields in DSR as
compared to traditional transplanting rice cultivation with lesser
water and labor. In the Kashmir valley, to explore the potential of
direct drum seeded rice, it is important to control the first flush
of weeds. So, the hypothesis of the study is an attempt being
made to evaluate known herbicide molecules under existing
agro-climatic conditions. In this backdrop, an experiment was
conducted at the Faculty of Agriculture, SKUAST-Kashmir with
an objective to assess the impact of fluctuating sowing dates and
weed management strategies on direct drum-seeded rice in
temperate Kashmir.

■ MATERIALS AND METHODS
Description of Site. The experiment was performed at the

Division of Agronomy, Faculty of Agriculture, SKUAST-
Kashmir in Kharif 2018 and 2019. The field is situated between
34° 21′ N latitude and 74° 23′ E longitude and at an altitude of
1590 m AMSL. A temperate climate prevails in the area, with
freezing temperatures in the winter and hot weather in the
summer. Rice crops in this zone have a short growth cycle of 140
to 150 days. To examine the initial physicochemical parameters
of soil, samples were obtained from the surface layer (20 cm)
(Table 1).

Weather Conditions. The weather of the region was
variable throughout the entire crop growth period and was
presented as mean data of 2018 and 2019. The average max. and
min. temperatures for the entire crop growth season were 32.46
and 17.24 °C, respectively, in 2018 and 27.94 and 12.92 °C in
2019 and the total precipitation amounted to 168.06 mm in
2018 and 402.80 mm in 2019, respectively. The total number of
mean sunshine hours of standard meteorological weeks
recorded was 172.38 in 2018 and 154.89 in 2019, and the
average maximum and minimum relative humidities were 90.45
and 62.21% in 2018, respectively, and 77.58 and 54.16% in 2019,
respectively (Figures 1 and 2).
Experimental Design and Treatment Details. The

experiment consisted of two factors (two dates of sowing and
six weed management strategies), replicated thrice and set up in
Split plot design. The main plot treatments included 2 sowing
dates D1: 10th May and D2: 3rd June and 6 weed management
strategies viz. W1: weedy check (untreated check), W2: four
mechanized conoweedings at 15, 30, 45, and 60 DAS (days after
sowing), equivalent to weed free (four conoweedings, equivalent
to weed free), W3: bensulfuron-methyl + pretilachlor @ 60 and
600 g a.i. ha−1 as pre-emergence (BSM + pretilachlor, PE), W4:

Table 1. Physicochemical Properties of the Soil of
Experimental Field

soil property value

(A) Mechanical Analysis
sand (%) 10.50
silt (%) 54.20
clay (%) 35.30
texture silty-clay loam

(B) Chemical Analysis
electrical conductivity (dS m−1) 0.13
pH 6.9
organic carbon (%) 0.97
available N (kg ha−1) 325
available P2O5 (kg ha−1) 16.9
available K2O (kg ha−1) 245
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oxyfluorfen @ 750 g a.i. ha−1 as pre-emergence (oxyfluorfen,
PE), and W5: bensulfuron-methyl + pretilachlor @ 60 and 600 g
a.i. ha−1 as pre-emergence followed by 2,4-D @ 0.75 kg a.i. ha−1

as post-emergence (30−35 DAS) (BSM + pretilachlor PE fb
2,4-D PoE), and W6: oxyfluorfen @ 750 g a.i. ha−1 as pre-
emergence followed by 2,4-D @ 0.75 kg a.i. ha−1 as post-
emergence (30−35DAS) (oxyfluorfen PE fb 2,4-D PoE) as sub-
plot treatments. The experimental plot size was 5 m × 3 m (15
m2) and to avoid herbicide cross-contamination, a 0.5 m buffer
zone was kept between the sub-plot treatments. W2 treatment
(four conoweedings) at 15, 30, 45, and 60 DAS (equivalent to
weed free) was kept weed free by repeatedmechanized weedings
by a cono-weeder and in weedy check (control), weeds were
allowed to grow as it received no herbicides or manual/
mechanical weeding. Granular herbicides after mixing with sand
were applied uniformly as per treatments, whereas a knapsack
sprayer with a flat fan nozzle was used for applying liquid
herbicide formulations with an application pressure and
discharge of 5.6 kg cm−2 and 500 mL min−1, respectively.
Crop Management Practices. Tractor-drawn disc-plough

was used to perform one-tillage over an experimental field.
Subsequently, three ploughings were given with the tiller for fine
tilth of soil and levelling was done manually. Bunds were built in
dry conditions according to the treatments and after the field
was irrigated, puddling was done with a power tiller. Proper
levelling of plots was done prior to seed sowing. Excess water was
removed from the field at the time of sowing and according to
the treatment layout plan; it was bifurcated into different main
and sub-plot treatments by providing proper drainage channels.
The variety tested in the experiment was Shalimar Rice-3 having
a yield potential of 7.0−7.5 t/ha with a growing period of 135−
140 days. Seeds of test variety @ 80 kg/ha were soaked for 48 h
in water and then incubated for 48 h for sprouting of seeds.
Seeds were uniformly placed in rows, 20 cm apart by a six-rowed

drum seeder in the north−east direction. To avoid diseases, seed
treatment with tricyclazole 75 WP @ 0.6 g/kg seed was done
prior to seed sowing. For all the treatments, seed sowing was
done by a drum seeder at 20 × 10 cm spacing. Finely
decomposed FYM at a rate of 10 t ha−1 was incorporated in the
experimental field at the time of layout. The primary nutrients
viz., N (120 kg ha−1), P2O5 (60 kg ha−1), and K2O (30 kg ha−1)
were supplied in the commercial form of urea, DAP, and MOP.
Before seed sowing, each experimental plot received the full
recommended quantity of phosphorous and potassium as a basal
dose. Nitrogen was administered in three splits, with half as a
basal dose and the other half at tillering and panicle initiation
stages, in two equal splits.
Biometric Crop Observations. Plant height was measured

from the surface to the tip of the extreme fully opened leaf during
the vegetative growth phase and up to the apex of the panicle
upon anthesis on 10 randomly chosen plants from each
treatment at different phenological stages of the crop. The
heights were averaged and expressed in centimeters. For the
estimation of dry matter of plant samples, a quadrant of 0.25 m2

was used. Plant samples were taken at various phenological
stages and dried under sunlight for 3−4 days before being dried
in an oven for 48 h at 60−65 °C to achieve a stable weight. Tiller
count (through use of quadrant) was taken at various
phenological stages till harvest from every experimental plot
and were averaged and expressed in no. m−2. Ten randomly
selected panicles from each treatment were assessed for panicle
length, panicle weight, and filled grains per panicle, which were
then averaged and represented in centimeters, grams, and grains
per panicle, respectively. Grain samples were taken from each
plot and dried properly at the time of threshing and from each of
the collected samples; 1000 grains were taken for test weight and
expressed in grams. From each net plot grain yield, straw, and
biological yield was computed and by using the following
formula HI was calculated

= ×harvest index
economic yield
biological yield

100

Weed Measurements. During the course of investigation,
weeds in the 1 m2 quadrants were uprooted from every plot at
30, 45, and 60 DAS, as well as at harvest, recognized, quantified,
and represented as weeds m−2. The same weeds were washed
and sun-dried for 48 h. Then, they were oven dried at 60−65 °C
to achieve a stable weight, quantified in grams and converted to g
m−2. The following formula was used to calculate the WCE

= ×WCE
(WDC WDT)

WDC
100

where WCE = weed control efficiency; WDC = dry weed
biomass in the control plot; andWDT= dry weed biomass in the
treated plot.
Nutrient Studies. Crop and weed samples during both the

years were ground in a Wiley mill after oven-drying and utilized
for NPK chemical estimation. By digesting a 0.5 g sample in 10
mL conc. H2SO4 and digestion mixture, the N concentration
was calculated. The micro-Kjeldahl technique was employed to
determine total nitrogen. Using a systronics spectrophotometer,
the phosphorous content of samples of rice crops was evaluated
using the “vanado molybdate phosphoric yellow method” by
digestion in a tri acid mixture (HNO3/HClO4/H2SO4 at a rate
of 10:4:1). Potassium concentration (percentage) in plant
samples was revealed by a flame photometer. The dry-matter

Figure 1. Mean weather data during the crop growth season of 2018.

Figure 2. Mean weather data during the crop growth season of 2019.
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accumulation is multiplied by the corresponding concentration
of nutrients in grain and straw, nitrogen, phosphorous, and
potassium uptake was determined and expressed as kg ha−1.
Statistical Analysis. The data analysis was carried out using

ANOVA (SAS Software packages, SAS EG v4.3, SAS Institute,
Cary, NC, USA), and the treatment means were compared using
the critical difference (CD) test at a significance level of 0.05.
Weed population and dry weed biomass data were transformed
into square root values, which were then employed in the
analysis. The results for the various parameters viz. yield, yield
attributes, and other weed parameters between the 2 years of the
experiment were statistically non-significant and hence, the data
were pooled for both the years.

■ RESULTS
Plant Height (cm). Sowing dates and weed management

practices had a considerable impact on the plant height in DSR,
according to the data (Table 2). Results showed that the plant
height improved significantly up to 50% flowering stage and then
increased at a slower rate until reaching maturity. At the
maximum tillering and milking stages, sowing dates had non-
significant effects on the plant height; however, 10th May
sowing recorded significantly taller plants at panicle initiation,
50% flowering, dough, and maturation stages than 3rd June

sowing. At maturity, a greater plant height of 125.9 cm was
observed when sowing was done on 10th May as compared to
122.7 cm with delayed sowing (3rd June) with a superiority of
2.54% at harvest. At all phenological stages of the crop, weed
management strategies had a substantial effect on plant height.
Among weed management strategies, conoweeding treatment
(equivalent to weed free) resulted in higher plant height of 129.5
cm but was statistically at par with sequential application of BSM
+ pretilachlor PE fb 2,4-D PoE, which recorded a plant height of
128.2 cm at maturity. Among the herbicides tested, sequential
application of BSM + pretilachlor PE fb 2,4-D PoE recorded
superiorities of 0.62, 1.79, 2.02, and 14.74% over oxyfluorfen PE
fb 2,4-D PoE, BSM+ pretilachlor PE, oxyfluorfen PE, and weedy
check treatment, respectively. Furthermore, it was observed that
weedy check (control) treatment had the lowest plant height
during the crop growing season.
Dry Matter Accumulation. Sowing dates had a substantial

impact on the crop’s dry matter production. The 10th May
sowing resulted in considerably better dry-matter accumulation
across all developmental stages and at harvest (144.32 q ha−1) as
compared to the 3rd June sowing (141.27 q ha−1) (Table 3).
Weed control strategies had a considerable impact on crop dry
matter accumulation at all phenological stages. Conoweeding
treatment (equivalent to weed free) though at par with

Table 2. Plant Height (cm) of DSR under Variable Sowing Date and Weed Management Practices (Pooled Data of 2 Years)a

treatments MT PI 50% FLW M D H

Dates of Sowing
D1: 10th May 60.5 74.1 117.1 124.1 125.4 125.9
D2: 3rd June 58.8 71.9 113.3 121.3 122.2 122.7
SE(m) ± 0.36 0.11 1.19 0.90 0.73 0.73
CD (p ≤ 0.05) NS 0.35 3.58 NS 2.20 2.20

Weed Management Practices
W1: weedy check 48.5 70.3 99.2 106.8 108.8 109.3
W2: four conoweedings (equivalent to weed free) 64.7 89.5 122.2 128.2 129.0 129.5
W3: BSM + pretilachlor, PE 60.7 83.3 117.3 124.3 125.5 125.9
W4: oxyfluorfen, PE 58.2 81.1 113.5 122.4 125.1 125.6
W5: BSM + pretilachlor PE fb 2,4-D PoE 63.3 87.3 120.5 127.3 127.8 128.2
W6: oxyfluorfen PE fb 2,4-D PoE 62.6 86.3 118.6 126.9 126.9 127.4
SE(m) ± 2.19 0.13 2.11 2.11 2.16 2.16
CD (p ≤ 0.05) 6.46 0.38 6.23 6.24 6.37 6.37

aMT = maximum tillering, PI = panicle initiation, 50% FLW = 50% flowering, M = milking, D = dough, H = harvest.

Table 3. DryMatter Accumulation (q ha−1) of DSR under Variable Sowing Dates andWeedManagement Practices (Pooled Data
of 2 Years)a

treatments MT PI 50% FLW M D H

Dates of Sowing
D1: 10th May 35.9 52.7 81.3 115.1 137.5 144.3
D2: 3rd June 33.8 49.2 77.9 110.6 134.5 141.2
SE(m) ± 0.5 1.08 1.11 1.36 0.81 0.83
CD (p ≤ 0.05) 1.60 3.25 3.33 4.06 2.45 2.51

Weed Management Practices
W1: weedy check 23.2 38.6 52.2 84.9 111.1 117.4
W2: four conoweedings (equivalent to weed free) 42.3 58.8 90.4 122.9 146.3 152.9
W3: BSM + pretilachlor, PE 33.7 50.1 84.3 117.3 138.7 145.8
W4: oxyfluorfen, PE 32.4 48.3 78.0 111.3 132.5 139.7
W5: BSM + pretilachlor PE fb 2,4-D PoE 41.1 56.4 88.1 121.3 144.2 151.1
W6: oxyfluorfen PE fb 2,4-D PoE 36.7 53.7 84.9 119.1 143.2 149.5
SE(m) ± 0.57 1.89 1.85 1.75 1.37 1.24
CD (p ≤ 0.05) 1.69 5.59 5.47 5.17 4.06 3.66

aMT = maximum tillering, PI = panicle initiation, 50% FLW = 50% flowering, M = milking, D = dough, H = harvest.
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sequential application of BSM + pretilachlor PE fb 2,4-D PoE
and oxyfluorfen PE fb 2,4-D PoE except at maximum the
tillering stage produced significantly increased dry matter
production (152.99 q ha−1) during the crop growth phases
over weedy check treatment (117.43 q ha−1). The weedy check
treatment observed significantly lower dry matter at all pheno-
phases of the crop.
Tiller Count (m2). Data indicated that the tiller number was

the highest at the maximum tillering stage and thereafter showed
a steady decrease till harvest (Table 4). The two sowing dates
varied significantly with respect to tiller count at all
phenophases. The significantly higher tiller number was
recorded for the 10th May (400.58 tillers m−2) as compared
to 3rd June sowing (346.55 tillers m−2) at all phenophases of the
crop. It was found that conoweeding treatment (equivalent to
weed free) produced significantly more tiller count (425.08
tillers m−2) than any other weed management strategy during
the crop growth season. Among the different herbicides used,
sequential application of BSM + pretilachlor PE fb 2,4-D PoE
revealed a significantly higher tiller count (408.21 m−2) at all the
phenological stages of the crop in contrast to other herbicidal
treatments and control (weedy check). Weedy check treatment
noted a significantly lower tiller count (328.18 m−2) throughout
the crop growth season.
Yield Attributes. Yield contributing characters were

significantly influenced by sowing dates and weed management
practices (Table 5). 10th May sowing increased panicle weight,
panicle length, number of filled grains per panicle, and test
weight over 3rd June sowing. Conoweeding (equivalent to weed
free) significantly improved panicle weight (24.07 g), panicle
length (3.07 cm), filled grains/panicle (109.9), and 1000-grain
weight (24.77 g) when compared to weedy check (untreated
check) and other weed management strategies. Apart from
conoweeding treatment (equivalent to weed free), higher
panicle length (23.36 cm), panicle weight (2.86 g), filled grains
per panicle (106.8), and 1000-grain weight (24.18 g) were
recorded by BSM + pretilachlor PE fb 2,4-D PoE and the least
panicle length (21.64 cm), panicle weight (1.40 g), filled grains
per panicle (74.3), and test weights (22.61 g) were under weedy
check treatment. The better utilization of growth resources by
the crop due to lower competition from the weed population in
conoweeding treatment (equivalent to weed free) and
sequential application of BSM + pretilachlor PE fb 2,4-D PoE
resulted in enhanced yield characters.

Grain, Straw, Biological Yield, and Harvest Index.
Results indicated that the sowing dates as well as weed
management strategies had a considerable impact on grain
and straw production (Table 6). The analysis demonstrated that
sowing on the 10th May resulted in a considerable increase in
grain output over sowing on 3rd June. The biological yield
recorded was 16.33 t ha−1 on 10th May and 14.01 t ha−1 on 3rd
June sowing. The enhanced harvest index was recorded with
10th May (44.59%) over 3rd June sowing (43.05%).
Various weedmanagement strategies have a significant impact

on a crop’s grain, straw, biological yield, and harvest index.
Conoweeding (equivalent to weed free) though at par with
sequential applications of BSM + pretilachlor PE fb 2,4-D PoE
recorded a higher grain yield (7.79 t ha−1), straw yield (9.33 t
ha−1), biological yield (17.31 t ha−1), and harvest index
(46.06%), which was superior to the control and rest of the
weed management treatments. Sequential application of BSM +
pretilachlor PE fb 2,4-D PoE though at par with oxyfluorfen PE
fb 2,4-D PoE yielded significantly more grain, straw, and
biological yield than other herbicides as well as weedy check;
however, it was found that the control noted significantly lower

Table 4. Tiller Count (No.m−2) of DSR under Variable SowingDates andWeedManagement Practices (PooledData of 2 Years)a

treatments MT PI 50% FLW M D H

Dates of Sowing
D1: 10th May 453.7 439.7 429.1 414.9 407.1 400.5
D2: 3rd June 404.8 389.1 380.4 361.5 354.5 346.5
SE(m) ± 2.89 6.06 1.87 3.46 3.79 0.56
CD (p ≤ 0.05) 8.68 18.20 5.61 10.38 11.37 1.68

Weed Management Practices
W1: weedy check 374.1 360.8 351.0 333.73 328.3 328.1
W2: four conoweedings (equivalent to weed free) 490.7 474.4 461.6 444.36 434.5 425.1
W3: BSM + pretilachlor, PE 411.7 396.3 388.6 379.39 376.1 365.5
W4: oxyfluorfen, PE 392.8 381.5 369.7 349.84 344.0 337.9
W5: BSM + pretilachlor PE fb 2,4-D PoE 478.6 465.3 452.8 428.23 415.7 408.2
W6: oxyfluorfen PE fb 2,4-D PoE 427.8 407.9 404.5 394.1 386.4 376.4
SE(m) ± 3.14 2.07 2.14 2.15 2.82 1.81
CD (p ≤ 0.05) 9.27 6.11 6.32 6.35 8.32 5.35

aMT = maximum tillering, PI = panicle initiation, 50% FLW = 50% flowering, M = milking, D = dough, H = harvest.

Table 5. Yield Attributes of DSR under Variable Sowing
Dates and Weed Management Practices (Pooled Data of 2
Years)

treatments

panicle
length
(cm)

panicle
weight
(g)

filled
grains per
panicle

1000 grain
wt (g)

Dates of Sowing
D1: 10th May 24.3 2.4 105.2 24.8
D2: 3rd June 21.6 2.0 90.6 22.4
SE(m) ± 0.09 0.06 1.12 0.15
CD (p ≤ 0.05) 0.29 0.20 3.38 0.45

Weed Management Practices
W1: weedy check 21.6 1.4 74.3 22.6
W2: four conoweedings
(equivalent to weed free)

24.1 3.1 109.9 24.8

W3: BSM+ pretilachlor, PE 22.9 2.0 100.4 23.4
W4: oxyfluorfen, PE 22.4 1.7 92.4 23.1
W5: BSM + pretilachlor PE
fb 2,4-D PoE

23.4 2.8 106.8 24.1

W6: oxyfluorfen PE fb
2,4-D PoE

23.1 2.3 103.7 23.9

SE(m) ± 0.45 0.22 1.94 0.33
CD (p ≤ 0.05) 1.33 0.66 5.73 1.00
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grain yield (4.25 t ha−1), straw yield (6.86 t ha−1), biological
yield (11.11 t ha−1), and harvest index (38.19%). Increased yield
was the result of enhancement in all yield parameters as well as a
decrease in crop-weed competition. Weedy check treatment
recorded the lowest grain yield and harvest index, due to tough
interference imposed by a variety of weeds.
Weed Studies. Total Weed Population and Dry Weed

Biomass. Predominant grassy weeds were E. crusgalli, E. colona,
and C. dactylon; broad leaf weeds like Ammania baccifera,
Marsilea quadrifolia, Monochoria vaginalis, Alisma plantago-
aquatic, and Potamogeton distinctus while the dominant sedges
observed were Cyperus iria, Cyperus difformis, and Fimbristylis
littoralis. Data showed that the total weed population and weed
dry weight was maximum at 60 DAS for all the treatments. All
weed management practices achieved successful weed control
when compared to weedy check treatment throughout the crop
growth season. Different sowing dates had a significant influence
inmonitoring the total population of weeds and weed dry weight
(Tables 7 and 8).

Results indicated that lowest weed population and total weed
dry weight was revealed in the conoweeding treatment
(equivalent to weed free). Sequential application of BSM +
pretilachlor PE fb 2,4-D PoE obtained significantly decreased
population of weeds and weed dry weight over the control and
other treatments at 30 DAS, 45 DAS, 60 DAS, and at harvest.
Weedy check treatment resulted in a significantly higher total
weed population at 30, 45, and 60 DAS, and at harvest followed
by oxyfluorfen PE, which in turn significantly increased total
population of weeds than the rest of the weed management
strategies. However, conoweeding treatment (equivalent to
weed free) observed the lowest total weed population and dry
weed biomass.

Weed Control Efficiency. The analysis of data (Table 9)
showed that 10th May sowing recorded significantly higher
weed control efficiency at 30 DAS (68.18%), 45 DAS (65.75%),
60 DAS (60.78%), and at harvest (65.08%) than 3rd June, which
recorded a weed control efficiency of 62.42% at 30 DAS, 61.14%
at 45 DAS, 52.67% at 60 DAS, and 59.89% at harvest (Table 9).
Among the weed management strategies, conoweeding treat-
ment (equivalent to weed free) resulted in significantly higher
weed-control efficiency of 100% at 30, 45, and 60 DAS and at
harvest. Sequential application of BSM + pretilachlor PE fb 2,4-
D PoE obtained a higher weed control efficiency at 30 DAS
(79.38%), 45 DAS (75.23%), 60 DAS (65.72%), and at harvest
(74.97%) than other weed control treatments owing to a
decrease in weed population and dry weed biomass. The weedy
check treatment, on the other hand, had the lowest weed-control
efficiency among all the treatments.
Nutrient Studies. NPK Content and Uptake by Grain and

Straw of DSR. Sowing dates as well as weed management
strategies resulted in varied nutrient concentrations and uptake
by the crop (Tables 10 and 11). TheNPK concentration of grain
(1.05, 0.22, and 0.27%) and straw (0.48, 0.06, and 1.48%) and
NPK uptake by grain (77.99, 16.84, and 20.76 kg ha−1) and
straw (44.46, 5.96, and 134.16 kg ha−1) were significantly higher
in 10th May than 3rd June sowing. Among the weed
management strategies, conoweeding treatment (equivalent to
weed free) recorded the highest NPK concentration of grain
(1.08, 0.24, and 0.29%) and straw (0.48, 0.07, and 1.48%) and
NPK uptake by grain (86.77, 19.20, and 23.77 kg ha−1) and
straw (45.70, 6.60, and 139.04 kg ha−1). Sequential application

Table 6. Yield and Harvest Index of DSR under Variable
SowingDates andWeedManagement Practices (PooledData
of 2 Years)

treatments
grain yield
(t ha−1)

straw
yield

(t ha−1)

biological
yield

(t ha−1) H.I (%)

Dates of Sowing
D1: 10th May 7.3 8.9 16.3 44.5
D2: 3rd June 6.1 7.9 14.0 43.0
SE(m) ± 0.04 0.10 0.09 0.42
CD (p ≤ 0.05) 0.14 0.30 0.26 1.28

Weed Management Practices
W1: weedy check 4.2 6.8 11.1 38.1
W2: four conoweedings
(equivalent to weed free)

7.9 9.3 17.3 46.1

W3: BSM + pretilachlor, PE 6.9 8.5 15.5 44.7
W4: oxyfluorfen, PE 6.5 8.3 14.8 43.6
W5: BSM + pretilachlor PE
fb 2,4-D PoE

7.5 8.9 16.4 45.6

W6: oxyfluorfen PE fb
2,4-D PoE

7.0 8.7 15.8 44.6

SE(m) ± 0.16 0.15 0.19 0.59
CD (p ≤ 0.05) 0.47 0.45 0.58 1.77

Table 7. TotalWeedDensity (No. m−2) of DSR under Variable Sowing Dates andWeedManagement Practices (Pooled Data of 2
Years)a

treatments 30 DAS 45 DAS 60 DAS at harvest

Dates of Sowing
D1: 10th May 3.5 (14.2) 4.5 (24.4) 5.1 (31.1) 4.6 (25.3)
D2: 3rd June 4.3 (20.5) 5.2 (31.4) 5.7 (38.3) 5.3 (32.6)
SE(m) ± 0.20 0.10 0.01 0.06
CD (p ≤ 0.05) 0.61 0.32 0.03 0.18

Weed Management Practices
W1: weedy check 6.6 (43.0) 8.0 (64.3) 9.2 (84.1) 8.1 (65.7)
W2: four conoweedings (equivalent to weed free) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0)
W3: BSM + pretilachlor, PE 4.2 (16.9) 5.1 (25.8) 5.5 (30.6) 5.2 (27.0)
W4: oxyfluorfen, PE 4.3 (18.2) 6.1 (36.6) 6.4 (40.1) 6.2 (37.8)
W5: BSM + pretilachlor PE fb 2,4-D PoE 3.6 (12.7) 4.2 (17.3) 4.9 (24.3) 4.4 (19.1)
W6: oxyfluorfen PE fb 2,4-D PoE 3.7 (13.2) 4.8 (23.2) 5.4 (29.4) 5.0 (24.3)
SE(m) ± 0.13 0.14 0.16 0.13
CD (p ≤ 0.05) 0.40 0.43 0.48 0.39

aFigures in parenthesis are subjected to square root transformation.
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of BSM + pretilachlor PE fb 2,4-D PoE though at par with
oxyfluorfen PE fb 2,4-D PoE exhibited a significantly higher
NPK concentration of grain (1.06, 0.22, and 0.27%) and straw
(0.48, 0.06, and 1.45%). The highest NPK uptake by grain

(79.98, 17.07, and 20.71 kg ha−1) and straw (43.37, 5.98, and
129.58 kg ha−1) was revealed in BSM + pretilachlor PE fb 2,4-D
PoE closely accompanied by sequential application of oxy-
fluorfen PE fb 2,4-D PoE. The lowest NPK concentration and

Table 8. Total DryWeedBiomass (gm−2) of DSR under Variable SowingDates andWeedManagement Practices (PooledData of
2 Years)a

treatments 30 DAS 45 DAS 60 DAS at harvest

Dates of Sowing
D1: 10th May 5.0 (30.9) 5.3 (34.1) 6.0 (43.7) 5.4 (35.4)
D2: 3rd June 5.8 (40.4) 6.1 (45.2) 7.2 (61.1) 6.2 (46.8)
SE(m) ± 0.03 0.06 0.03 0.06
CD (p ≤ 0.05) 0.10 0.18 0.09 0.19

Weed Management Practices
W1: weedy check 10.1(102.6) 10.4(108.2) 11.0 (120.4) 10.4 (109.4)
W2: four conoweedings (equivalent to weed free) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0)
W3: BSM + pretilachlor, PE 5.5 (30.1) 5.9 (35.2) 7.1 (50.3) 6.1 (37.5)
W4: oxyfluorfen, PE 5.8 (33.2) 6.0 (36.3) 7.3 (53.4) 6.3 (39.2)
W5: BSM + pretilachlor PE fb 2,4-D PoE 4.6 (21.2) 5.2 (27.0) 6.4 (41.8) 5.3 (27.6)
W6: oxyfluorfen PE fb 2,4-D PoE 5.2 (26.8) 5.6 (31.1) 7.0 (48.7) 5.8 (33.1)
SE(m) ± 0.11 0.09 0.06 0.09
CD (p ≤ 0.05) 0.34 0.28 0.19 0.27

aFigures in parenthesis are subjected to square root transformation.

Table 9. Weed Control Efficiency (%) of DSR under Variable Sowing Dates and Weed Management Practices (Pooled Data of 2
Years)a

treatments 30 DAS 45 DAS 60 DAS at harvest

Dates of Sowing
D1: 10th May 7.7 (68.1) 7.5 (65.7) 7.3 (60.7) 7.5 (65.1)
D2: 3rd June 7.4 (62.4) 7.3 (61.1) 6.7 (52.6) 7.2 (59.8)
SE(m) ± 0.04 0.05 0.03 0.05
CD (p ≤ 0.05) 0.12 0.15 0.10 0.15

Weed Management Practices
W2: four conoweedings (equivalent to weed free) 10.1 (100) 10.0 (100) 10.0 (100) 10.0 (100)
W3: BSM + pretilachlor, PE 8.4 (70.8) 8.2 (67.6) 7.7 (58.6) 8.1 (65.8)
W4: oxyfluorfen, PE 8.2 (67.8) 8.2 (66.5) 7.5 (56.1) 8.1 (64.3)
W5: BSM + pretilachlor PE fb 2,4-D PoE 8.9 (79.3) 8.7 (75.2) 8.1 (65.7) 8.7 (74.9)
W6: oxyfluorfen PE fb 2,4-D PoE 8.6 (73.8) 8.5 (71.3) 7.7 (59.9) 8.4 (69.7)
SE(m) ± 0.06 0.05 0.04 0.05
CD (p ≤ 0.05) 0.20 0.16 0.12 0.16

aFigures in parenthesis are subjected to square root transformation.

Table 10. NPK Concentration (%) of Grain and Straw of DSR under Variable Sowing Dates and Weed Management Practices
(Pooled Data of 2 Years)

treatments grain nutrient content (%) straw nutrient content (%)

N P K N P K

Dates of Sowing
D1: 10th May 1.05 0.22 0.27 0.48 0.06 1.48
D2: 3rd June 1.03 0.20 0.24 0.45 0.05 1.36
SE(m) ± 0.001 0.002 0.004 0.005 0.002 0.021
CD (p ≤ 0.05) 0.004 0.006 0.012 0.013 0.008 0.064

Weed Management Practices
W1: weedy check 0.98 0.19 0.22 0.41 0.04 1.38
W2: four conoweedings (equivalent to weed free) 1.08 0.24 0.29 0.48 0.07 1.48
W3: BSM + pretilachlor, PE 1.04 0.21 0.26 0.47 0.05 1.41
W4: oxyfluorfen, PE 1.02 0.20 0.25 0.46 0.04 1.40
W5: BSM + pretilachlor PE fb 2,4-D PoE 1.06 0.22 0.27 0.48 0.06 1.45
W6: oxyfluorfen PE fb 2,4-D PoE 1.05 0.22 0.27 0.47 0.06 1.43
SE(m) ± 0.004 0.004 0.004 0.004 0.003 0.19
CD (p ≤ 0.05) 0.012 0.012 0.012 0.012 0.010 0.59
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uptake (grain and straw) of the crop was observed in weedy
check treatment. The application of oxyfluorfen PE as a post-
emergence herbicide revealed the lowest uptake of NPK among
the herbicidal treatments tested.

NPK Uptake by Weeds and Nutrient Removal Budgeting.
Data indicated that earlier sowing (10th May) reduced N (6.36
kg ha−1), P (0.63 kg ha−1), and K uptake (7.23 kg ha−1) by weeds
significantly, while delayed sowing of DSR on 3rd June resulted
in higher N (9 kg ha−1), P (0.90 kg ha−1), and K uptake (10.24
kg ha−1) by weeds (Table 12). NPK uptake by weeds was
significantly increased by weedy check treatment in comparison
to all the other weed management strategies. Application of
oxyfluorfen @ 750 g a.i. ha−1 (pre-emergence) exhibited higher
NPK uptake by weeds in comparison to other herbicidal
treatments and conoweeding treatment (equivalent to weed
free), followed by the application of bensulfuron-methyl +
pretilachlor (60 and 600 g a.i. ha−1 pre-emergence). The results
showed that the lowest uptake of N (5.77 kg ha−1), P (0.54 kg
ha−1), and K uptake (6.60 kg ha−1) by weeds was recorded in the

sequential application of BSM + pretilachlor PE fb 2,4-D PoE.
The highest nutrient uptake NPK by weeds (18.70, 1.94, and
20.78 kg ha−1, respectively) was observed in weedy check
treatment. The highest NPK removal and uptake by weeds was
observed in weedy check treatment due to higher weed
population and weed dry weight.
Data in Table 11 show that NPK removal by rice under

different sowing dates was maximum on 10th May (300.17 kg
ha−1) as compared to 3rd June sowing (240.53 kg ha−1).
Maximum NPK removal by rice crops was recorded in four
conoweedings (321.08 kg ha−1) followed by sequential
applications of BSM + pretilachlor PE fb 2,4-D PoE (296.69
kg ha−1). Weeds compete for the NPK uptake as well and a
revealed significant total macronutrient intake. Maximum NPK
removal by weeds was noted under 3rd June sowing (20.14 kg
ha−1) compared to that of the earlier 10thMay sowing (14.22 kg
ha−1). Weeds removed the most total NPK in the weedy check
treatment (41.42 kg ha−1) followed by oxyfluorfen, PE (17.41 kg
ha−1) under weed management strategies while as a sequential

Table 11. NPK Uptake (kg/ha) of Grain and Straw of DSR under Variable Sowing Dates and Weed Management Practices
(Pooled Data of 2 Years)

treatments grain (kg/ha) straw (kg/ha)

N P K N P K

Dates of Sowing
D1: 10th May 77.9 16.8 20.7 44.4 5.9 134.1
D2: 3rd June 63.5 12.7 15.4 36.2 4.0 108.5
SE(m) ± 0.54 0.21 0.24 0.77 0.29 2.38
CD (p ≤ 0.05) 1.62 0.65 0.74 2.31 0.89 7.14

Weed Management Practices
W1: weedy check 44.18 8.91 10.19 28.57 3.34 95.20
W2: four conoweedings (equivalent to weed free) 86.7 19.2 23.7 45.7 6.6 139.0
W3: BSM + pretilachlor, PE 72.3 14.5 17.9 40.3 4.4 121.7
W4: oxyfluorfen, PE 66.5 13.3 16.6 38.9 3.7 117.0
W5: BSM + pretilachlor PE fb 2,4-D PoE 79.9 17.1 20.7 43.3 5.9 129.5
W6: oxyfluorfen PE fb 2,4-D PoE 74.6 15.7 19.4 42.2 5.8 125.4
SE(m) ± 1.20 0.32 0.44 0.70 0.30 2.30
CD (p ≤ 0.05) 3.56 0.94 1.30 2.07 0.90 6.79

Table 12. Nutrient Removal Budgeting (kg ha−1) and Nutrient Uptake (kg ha−1) by Weeds in DSR under Variable Sowing Dates
and Weed Management Practices (Pooled Data of 2 Years)a

treatments nutrient uptake weeds (kg ha−1)
NPK removal by rice

(grain + straw) (kg ha−1)
NPK removal (weeds)

(kg ha−1)
NPK removal by
weeds (%)

N P K

Dates of Sowing
D1: 10th May 2.5 (6.3) 1.2 (0.6) 2.6 (7.2) 300.1 14.2 4.5
D2: 3rd June 2.98 (9.0) 1.3 (0.9) 3.1 (10.2) 240.5 20.1 7.7
SE(m) ± 0.01 0.0006 0.01 0.23
CD (p ≤ 0.05) 0.04 0.0019 0.04 0.64

Weed Management Practices
W1: weedy check 4.4 (18.7) 1.7 (1.9) 4.6 (20.7) 190.3 41.4 17.8
W2: four conoweedings (equivalent
to weed free)

1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 321.1 0

W3: BSM + pretilachlor, PE 2.8 (7.1) 1.3 (0.6) 3.0 (8.2) 271.3 15.9 5.5
W4: oxyfluorfen, PE 2.9 (7.7) 1.3 (0.7) 3.1 (8.9) 256.2 17.4 6.3
W5: BSM + pretilachlor PE fb
2,4-D PoE

2.5 (5.7) 1.2 (0.5) 2.7 (6.6) 296.6 12.9 4.1

W6: oxyfluorfen PE fb 2,4-D PoE 2.7 (6.8) 1.2 (0.6) 2.9 (7.8) 283 15.4 5.1
SE(m) ± 0.02 0.005 0.028 0.34
CD (p ≤ 0.05) 0.08 0.016 0.084 0.99
aW1: weedy check, W3: BSM + pretilachlor, PE, W4: oxyfluorfen, PE, W5: BSM + pretilachlor PE fb 2,4-D PoE, and W6: oxyfluorfen PE fb 2,4-D
PoE.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c01361
ACS Omega 2023, 8, 25861−25876

25868

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01361?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


application of BSM + pretilachlor PE fb 2,4-D PoE recorded the
lowest NPK removal (12.91 kg ha−1) by weeds among herbicidal
treatments. Weeds removed a larger percentage of NPK,
indicating that they acquired much more macronutrients
(Figures 3 and 4). The maximum share of NPK removal of

weeds was revealed in delayed sowing, i.e., 3rd June (7.73%) as
compared to earlier 10th May sowing (4.52%). Among weed
management strategies, a higher contribution in the removal of
NPK by weeds was noted in the control treatment
(17.87%),59−61 followed by oxyfluorfen, PE (6.36%) while the
lowest contribution was revealed in sequential application of
BSM + pretilachlor PE fb 2,4-D PoE (4.17%).

Correlation and Regression Studies. A significant and
positive correlation was noted between grain yield and yield
characters viz., panicle density, panicle weight, grains per
panicle, 1000-grain weight and panicle length (Table 13). The
correlation coefficient ranged between 0.79 and 0.97. Highest
correlation coefficient of 0.97 was revealed between panicle
density and grains per panicle and 0.93 between grains/panicle
and grain yield. Lowest correlation coefficient of 0.79 was
recorded between panicle length and panicle weight.

The coefficient of determination for the grain yield with
panicle density (0.77), panicle weight (0.70), grains per panicle
(0.88), test weight (0.72), panicle length (0.85), and spikelets
per panicle (0.60) was highly significant (Figure 5). Panicle
density, panicle weight, grains/panicle, test weight, panicle
length, and spikelets per panicle accounted for 77, 70, 88, 72, 85,
and 60% variations in the crop grain yield, respectively.
Significantly, a positive correlation of growth and yield
parameters with straw yield was noticed. The coefficient of
determination for straw yield (Figure 6) with panicle density
(0.79), panicle weight (0.68), grains per panicle (0.89), test
weight (0.75), dry matter accumulation (0.45), and plant height
(0.63) revealed that 79, 68, 89, 75, 45, and 63% difference in
straw yield was noted due to panicle density, panicle weight,
grains/panicle, test weight, dry matter accumulation, and plant
height, respectively. The data demonstrated that grain yield and
straw yield had a significant negative correlation with weed
population and dry weed biomass. The coefficient of
determination (Figure 7) between weed density and grain
yield was 0.50 and between weed dry weight and grain yield was
0.44. This means 50% difference in the grain yield may be
explained by weed population and 44% by dry weed biomass.
The coefficient of determination between weed density and
straw yield was 0.53 and between dry weed biomass and straw
yield was 0.50 and revealed that 53% variation in straw yield was
contributed by weed population and 50% by weed dry weight. It
can be concluded that the knowledge of population and weed
dry weight is critical for estimating the yield loss in rice and
estimation of weed population and weed dry weight is beneficial
for predicting the productivity of rice in temperate Kashmir
conditions.
Relative Economics. The data revealed that the highest net

returns and highest benefit cost ratio were realized by a
combination of 10th May (D1) sowing with the sequential

Figure 3. Nutrient removal percentage by weeds under different sowing dates.

Figure 4. Nutrient removal percentage by weeds under different weed
management practices.

Table 13. Correlation Studies of Yield with Yield Parameters Like Panicle Density, Panicle Weight, Grains Per Panicle, Test
Weight and Panicle Length

panicle density panicle weight grains per panicle test weight panicle length grain yield

panicle density 1.000
panicle weight 0.795** 1.000
grains per panicle 0.977** 0.823** 1.000
test weight 0.937** 0.795** 0.952** 1.000
panicle length 0.932** 0.794** 0.956** 0.945** 1.000
grain yield 0.880** 0.841** 0.939** 0.854** 0.926** 1.000
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application of BSM+ pretilachlor PE fb 2,4-D PoE (D1W5). The
lowest net returns and lowest benefit cost ratio was realized by a
combination of 3rd June (D2) sowing with weedy check (D2W1)
treatment (Table 11). The efficiency of a treatment or a
combination of treatments is finally decided in terms of the
economics (benefit/cost) of the treatments. The present
investigation revealed that during the course of investigation
across the different measures, conoweeding (equivalent to weed
free) + 10th May (D1) sowing (D1W2) treatment recorded the
highest gross returns (14,1983 ha−1) and net monetary return
(85,418 ha−1) but lower B/C ratio of (1.07). Sequential
application of bensulfuron-methyl + pretilachlor (60 and 600 g
a.i. ha−1 pre-emergence) fb 2,4-D @ 0.75 kg a.i. ha−1 (post-
emergence, 30−35 DAS) with 10th May (D1) sowing (D1W5)
provided the gross returns of (131,596 ha−1), net monetary
return of (89,391 ha−1), and registered the highest B/C ratio
(1.37) across different weed management schedules and sowing
dates closely followed by the application of oxyfluorfen @ 750 g
a.i ha−1 (pre-emergence) fb 2,4-D @ 0.75 kg a.i. ha−1 (post-
emergence, 30−35 DAS) (D1W6) with a B/C ratio of 1.31.
However, weedy check treatment recorded the lowest benefit
cost ratio among all the weed management practices. Lower
grain and straw yields of rice might have been responsible for the
corresponding lower returns and lowest benefit cost ratio of
weedy check treatment (Table 14).

■ DISCUSSION
The distribution of temperature and light resources has a direct
impact on rice development, with temperatures being the main
environmental component that influences growth. In multi-
cropping areas, direct-seeding rice eliminates the need to raise

seedlings, and rice is frequently planted after the previous crop
has been harvested. The practice shortens the growth period
overall, shortens the crucial stages of rice growth (sowing,
jointing, heading, and maturity), and also leads to a decreased
use of climate resources like temperature and light. Sowing time
plays a pivotal role in growth and productivity of a crop.20 The
sowing date affects the accumulated temperature of DSR at
different phenophases and the appropriate sowing time can
make rice use the temperature and light resources effectively and
offer full potential yield of DSR. The distribution of temperature
and light resources has a direct impact on rice development, with
the temperature being the main environmental component that
influences growth.20 DSR crop is prone to more weed
competition for all the growth factors because both crop and
weed seeds emerge almost at the same time. So, weed
management is the primary concern in DSR and selection of a
particular herbicide for effective weed control plays a key role.
Sowing dates and weed management practices had a
considerable impact on plant height in DSR. Early sowing
resulted in taller plants because of a longer growth cycle and
favorable weather, which favored profuse vegetative growth
whereas late sowing experienced comparatively lower temper-
atures during the later growth stages resulting in a lower height
of the crop.21,22 At all phenological stages of the crop, weed
management strategies had a substantial effect on plant height.
Effective weed management through conoweeding (equivalent
to weed free) could explain this development with repetitive
mechanized weedings at 15, 30, 45, and 60 DAS that helped in
keeping the crop free of weeds up to the critical stage of crop-
weed interference resulting in efficient nutrient uptake and
development of the crop.23 Sequential application of BSM +
pretilachlor PE fb 2,4-D PoE resulted in taller plants at different

Figure 5. Linear regression line between yield attributes and grain yield.
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developmental stages when compared to the other weed

management strategies due to the relatively superior effect on

weed growth, which was suppressed due to enhanced activity of

rapid cell division andminimal crop-weed interference.24 Due to

a higher weed population, weedy check (control) treatment had
the lowest plant height during the crop growing season.
Sowing dates had a substantial impact on the crop’s drymatter

production. Longer vegetative phase coupled with favorable
weather conditions during the critical growth stages resulted in

Figure 6. Linear regression line between growth and yield characters with straw yield.

Figure 7. Linear regression line between weed density and weed dry matter with grain and straw yield.
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increased plant height and tiller count, which ultimately
increased dry matter accumulation in earlier sowing.25,26

Significantly increased dry matter production in conoweeding
treatment (equivalent to weed free) at par with BSM +
pretilachlor PE fb 2,4-D PoE during the different crop growth
phases over weedy check treatment could possibly be due to
increased plant growth due to lower weed competition during
the initial stages of crop development, which promotes their
ability to access nutrients and light, culminating in efficient
photosynthate accumulation.27 The weedy check treatment
observed significantly lower drymatter at all pheno-phases of the
crops because of the immense competition from the weed
population for necessary growth resources.28

The two sowing dates varied significantly with respect to the
tiller count at all phenophases. A higher tiller count in earlier
sowing was due to a longer vegetative growth period and better
environmental conditions experienced at different phenophases
of crop. Moreover, the decrease in tillers m−2 in 3rd June sowing
during later growth stages might have been due to lower
temperatures, which causes tiller mortality.29,30 Conoweeding
treatment (equivalent to weed free) and herbicidal treatments
allow the crop to reach its maximum potential, resulting in an
enhanced tiller count as also reported by ref 31. Weedy check
treatment noted significantly lower tiller count throughout the
crop growth season due to a higher tiller mortality and inability
of the tillers to grow fully because of tough interference from the
weeds.32 The reduced crop growth due to weed shading could
be due to higher absorption of red light, thus lowering the ratio
of red/far red-light ratio, which triggers production of reactive
oxygen species causing damage to crop plant cells.33

Yield contributing characters were significantly influenced by
sowing dates and weed management practices better yield
attributes were obtained because of effective use of light,
temperature, nutrients, CO2 and so on., during the sensitive
growth phases of crops, such as panicle initiation, flowering, and
grain filling periods, which caused less tiller mortality in the
earlier sowing dates and ensured efficient plant establishment,
effective translocation of photosynthetic assimilates, and helped
crops to grow vigorously.33 Due to the delayed sowing,
emergence was poor and heading was reduced, resulting in
lesser panicle length,34 panicle weight, full grains per panicle, and
1000 grain weight.35−37 In order to maximize the development,
yield, and productivity of wet direct-seeded rice (O. sativa L.), it
is crucial to choose a suitable sowing date in conjunction with an
effective weed management strategy. The vegetative growth
time and rice population were reduced by delayed seeding, the

number of spikelets and grains decreased as the booting stage
was shortened, and postponing the heading date decreased the
daily average temperature and effective accumulated temper-
ature at the filling stage, resulting in lower grain filling.38,39 The
better utilization of growth resources by the crops due to lower
competition from the weed population in the conoweeding
treatment (equivalent to weed free) and sequential application
of BSM + pretilachlor PE fb 2,4-D PoE resulted in enhanced
yield characters; also the absorption and translocation of
nutrients in a better way might also have increased the yield
attributing characters significantly.40−43 Sowing dates as well as
weed management strategies had a considerable impact on grain
and straw production. The analysis demonstrated that sowing on
10thMay resulted in a considerable increase in grain output over
sowing on 3rd June. A higher yield of grain and straw under
earlier sown crops can be linked to superior performance of yield
contributing characters as a consequence of lower weed
interference and optimal input use. It could also be highlighted
by the fact that yields in any specific environment is the product
of yield components generated at various stages of development
and growth.44−46 DSR has a lower production potential
primarily because of weed-related issues. Weeds always emerge
before crops do under ideal conditions for nutrient availability
and moisture, which results in lower yields. Manual and
mechanical weed control methods in DSR were successful, but
labor shortages during peak season and growing labor costs are
delaying and increasing the cost of weed control measures. The
rice crop was able to synthesizemore chlorophyll due to effective
weed control, which improved the accumulation of photo-
synthates and increased translocation, which increased the
number of grains, panicles, and test weight, and ultimately
increased rice grain yield. Hand weeding proved to be a more
effective weed control method because it produced rice with
greater WCE and lower weed density and nutrient depletion
than other weed control methods.47,48

Various weedmanagement strategies have a significant impact
on a crop’s grain, straw, biological yield, and harvest index.
Conoweeding (equivalent to weed free) though at par with
sequential application of BSM + pretilachlor PE fb 2,4-D PoE
recording increased yield was the result of enhancement in all
yield parameters as well as a decrease in crop-weed competition.
This improvement in turn can be ascribed to improved growth
and development like that of increased total dry matter
realization and formation of photosynthates in different
productive parts, increasing leaf area of crops. Thus, decreased
crop-weed competition resulted in improved growth character-

Table 14. Relative Economics ( ha−1) of DSR under Variable Sowing Dates and Weed Management Practices

treatment
combinations

total cost of cultivation
(Rs.)

gross returns from grain yield
(Rs.)

gross returns from straw yield
(Rs.)

total returns
(Rs.)

net returns
(Rs.)

B/C
ratio

D1W1 63,565 64393.33 22,580 86973.33 46408.33 0.73
D1W2 79,565 111973.3 30,010 141983.3 85418.33 1.07
D1W3 64,835 97283.33 27,300 124583.3 82748.33 1.28
D1W4 65,015 97023.33 26,380 123403.3 81173.33 1.25
D1W5 65,060 103696.7 27,900 131596.7 89391.67 1.37
D1W6 65,240 100056.7 27,820 127876.7 85276.67 1.31
D2W1 63,565 51826.67 18,610 70436.67 29871.67 0.47
D2W2 79,565 95463.33 26,010 121473.3 64908.33 0.82
D2W3 64,835 83,590 24,180 107,770 65,935 1.02
D2W4 65,015 72236.67 23,620 95856.67 53626.67 0.82
D2W5 65,060 91433.33 25,680 117113.3 74908.33 1.15
D2W6 65,240 83503.33 24,640 108143.3 65543.33 1.00
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istics and yield attributing characters, shifting the balance in
favor of the crop instead of the weeds. Weedy check treatment
recorded the lowest grain yield and harvest index, due to tough
interference imposed by a variety of weeds that resulted in
reduced accumulation of nutrients, leading to an imbalanced
source and sink development with low yield attributing
characters and a higher weed index.49−51

Significantly less population of weeds and weed dry weight
were recorded in earlier sowing over delayed sowing at 30, 45,
and 60 DAS and at harvest, which may have occurred due to a
relatively favorable environment and weather conditions for
attaining optimum germination and early plant establishment
with development of more canopy offering stronger smothering
potential to crops, resulting in increased weed control, which
permitted crops to best use the natural resources in the area with
less light transmission ratio at the surface level inhibiting weed
seed germination and growth.52,53 Herbicides were not only less
hazardous to rice seedlings, but they also effectively reduced
weeds. Moreover, the efficacy and long-term effectiveness of
applied herbicides that prevented weeds from germinating and
resulted in a rapid decline in carbohydrate reserves in weeds that
had germinated due to rapid respiration reduced the leaf area
and leaf senescence, leading to reduction in the photosynthesis
process. The higher weed flora and dry weed biomass under
control treatment may be ascribed to favorable levels of soil
moisture as well as other environmental conditions, which were
fruitful for emergence and growth of weeds, especially in the
non-availability of proper weed management strategies.54−57

Lesser weed population and dry weed biomass in earlier sowing
lead to a significantly higher weed control efficiency at 30 DAS
(68.18%), 45 DAS (65.75%), 60 DAS (60.78%), and at harvest
(65.08%) than 3rd June, which recorded weed control efficiency
of 62.42% at 30 DAS, 61.14% at 45 DAS, 52.67% at 60 DAS, and
59.89% at harvest. Conoweeding treatment (equivalent to weed
free) resulted in significantly higher weed-control efficiency of
100% at 30, 45, and 60 DAS and at harvest and sequential
application of BSM + pretilachlor PE fb 2,4-D PoE obtained a
higher weed control efficiency at 30 DAS (79.38%), 45 DAS
(75.23%), 60 DAS (65.72%), and at harvest (74.97%) than
other weed control treatments owing to a decrease in weed
population and dry weed biomass due to successful weed
management strategies, resulting in increased weed-control
efficiency.58,59

Sowing dates as well as weed management strategies resulted
in varied nutrient concentrations and uptake by the crop. Yield
contributing factors were much better in the earlier sowing,
resulting in a greater rice biomass accumulation and thus a
higher nutrient uptake.60 The increased uptake of these
nutrients in early sown crops was most likely due to better
weather conditions, which caused vigorous growth and a better
root system that assisted in the sufficient supply of primary
nutrients, resulting in increased biological yields and effective
transfer to the ultimate sink, the grains, resulting in numerically
higher rice grain and straw nutrient content and uptake. Among
the weed management strategies, conoweeding treatment
(equivalent to weed free) recorded the highest NPK
concentration and uptake of grain and straw. Sequential
application of BSM + pretilachlor PE fb 2,4-D PoE though at
par with oxyfluorfen PE fb 2,4-D PoE exhibited significantly
higher NPK concentrations and uptakes of grain and straw.
Increased crop NPK uptakes and concentrations in conoweed-
ing and superior herbicides increased weed-control efficiency,
favoring crop plant growth and development, presumably due to

less interference fromweeds, which led to improved crop growth
and thus enhanced uptake of nutrients by increasing the leaf area
and dry-matter accumulation, which led to the improved yield
characteristics and build-up of a higher quantity of nutrients.
The application of oxyfluorfen PE as a post-emergence herbicide
revealed the lowest uptake of NPK among the herbicidal
treatments tested. This is evident by the fact that the field was
infested with a complex species of weeds to which herbicide
molecules failed to show efficient weed control, and herbicides’
residual effects diminished with the passage of time.61,62

Earlier sowing (10th May) reduced NPK uptake by weeds
significantly, while delayed sowing of DSR on 3rd June resulted
in a higher NPK uptake by weeds. A higher weed population and
dry weed biomass in late sown crops increased the NPK uptake
by weeds and lower weed population and dry weed biomass in
early sowing resulted in the reduced NPK uptake by weeds.63

NPK uptake by weeds was significantly increased by weedy
check treatment in comparison to all the other weed
management strategies. High due to different effects of
treatments on the density, growth, and dry biomass of weeds,
differences in nutrient removal could be one the most noted
reasons. The highest NPK removal and uptake by weeds was
observed in weedy check treatments due to higher weed
populations and weed dry weight. Similarly, the low uptake of
NPK by weeds in herbicidal treatments appears to be due to the
broad impact of these weed control treatments.59 NPK removal
by rice under different sowing dates was maximum on 10th May
(300.17 kg ha−1) as compared to 3rd June sowing (240.53 kg
ha−1). Weeds compete for NPK uptake as well and revealed a
significant total macronutrient intake. Weeds removed a larger
percentage of NPK, indicating that they acquired much more
macronutrients (Figures 3 and 4). The maximum share of NPK
removal of weeds was revealed in delayed sowing, i.e., 3rd June
(7.73%) as compared to the earlier 10th May sowing (4.52%).
Among weed management strategies, a higher contribution in
the removal of NPK by weeds was noted in the control
treatment, while the lowest contribution was revealed in the
sequential application of BSM + pretilachlor PE fb 2,4-D PoE
(4.17%) due to an effective control of weeds.64−68

■ CONCLUSIONS
Suitable sowing time with efficient weed management in DSR is
a necessity as it could be the promising establishment method in
the present scenario of global water scarcity and increasing labor
wages. It was concluded that earlier sowing (10th May) of direct
drum seeded rice proved to be more feasible and promising than
delayed sowing (3rd June) in terms of production and
productivity. Furthermore, among different weed management
strategies used, four mechanized conoweedings at 15, 30, 45,
and 60 DAS (equivalent to weed free) or sequential application
of BSM + pretilachlor PE fb 2,4-D PoE recorded significantly
higher results for growth, yield attributing characters, yields,
nutrient partitioning, and better weed control. Moreover, further
research needed to be done with respect to sowing time and
weedmanagement in DSR so that efficient policy making should
be in temperate rice ecology as in the future, DSR can
completely substitute traditional transplantation in the Kashmir
valley due to labor and water scarcity.
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