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ABSTRACT

An experiment was conducted at Krishi Vigyan Kendra, Ferozepur, Punjab during rainy (kharif) seasons of
2018 and 2019 to study the effects of nitrogen levels and weed management in direct-seeded rice (Oryza sativa L.)
(DSR). The results indicated that pendimethalin + bispyribac (W) (5.25 and 2.95 m?) and oxadiargyl + bispyribac
(W,) (6.05 and 3.95 m?2) application reduced the density of narrow-leaved weeds (NLW) and broad-leaf weeds
(BLW) followed by oxadiargyl + fenoxaprop (W5) (7.0 and 4.55 m?2) during both the years. Application of W,
decreased the total weed biomass by 84-98.2%, respectively compared to weedy check (W5) (80.1 and 94.8 g/m?)
in both years. Treatment W, and W, recorded at par values of grain and straw yield followed by W,. An increase
(48.6-72.0%) in grain yield was registered with weed practices compared to weedy check in DSR. W, and W,
significantly recorded higher N uptake in grain (61.45 and 60.85 kg/ha) and total (100.8 and 99.45 kg/ha) followed
by W, (53.85 and 90.35 kg/ha, respectively). The high infestation of BLW with W, resulted in the lowest weed
control efficiency (WCE) (46.2-53.9%) among the weed control practices. N at 120 and 150 kg/ha recorded the
low density and biomass of NLW and BLW. Application of 120 and 150 kg N/ha enhanced the grain yield (4.89
and 5.25 t/ha) and net returns (55.1 and 60.5 x 103 Z/ha) in both years. No N application recorded lowest N uptake
in grain (87.71 kg/ha) and total (80.26 kg/ha) compared to 150 kg N/ha in both years. N levels at 120 and 150
kg/ha recorded higher values of water control efficiency (WCE). Based on the findings, it may be concluded that
pendimethalin + bispyribac and oxadiargyl + bispyribac with N 120 kg/ha application can reduce weed flora diversity
with higher grain yield of direct-seeded rice in Punjab.
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In Direct-seeded rice (DSR), rice (Oryza sativa L.)
crop is established by sowing the seeds directly in the
unpuddled and unsaturated soil (Rao et al. 2007). DSR
is taken in aerobic and upland conditions and therefore
weed composition is diverse in comparison to puddled
rice, so the yield reductions are quite common (Singh et
al. 2016). Research findings indicated that yield reduction
up to 35-60% can occur in DSR without suitable and
appropriate weed control practices (Rao and Ladha 2013).
Single herbicide use cannot provide effective weed control
in DSR due to floristically diverse weed communities and
development of weed resistance (Brar and Bhullar 2012).
In addition, it can also lead to weed flora shifts as well
as evolution of herbicide resistant over the years. Besides
this, several findings indicated that narrow-leaf weeds are
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poorly controlled by bispyribac-sodium (Farooq et al.
2011). The sequential application of pendimethalin and
bispyribac sodium effectively reduced the Echinochloa
spp. while Eragrostis spp. and L. chinensis were recorded
at higher density in DSR. The use of single herbicides for
weed management is prevalent towards narrow-leaf weed
spectrum, and therefore the efficacy and compatibility
of tank mixtures of different herbicides for diverse weed
flora need to be evaluated in DSR. Additionally, nitrogen
optimization is essential to achieve higher grain yield (Sepat
et al. 2022). Zhang et al. (2009) reported that anaerobic
soil conditions in DSR demands higher N side as the N
losses are high via volatilization and denitrification. To
achieve higher grain yield in DSR, many researchers
reported that 150—180 kg N/ha was optimum in ecologies
of Punjab (Singh ef al. 2007, Thind et al. 2018). It is well
known that weed infestation can influence the N demand
in DSR (Kumawat et al. 2017). Limited studies have been
conducted on the aspect of the interaction between weed
and nitrogen and its effect on the productivity and weed
flora of DSR. Therefore, an experiment was conducted to
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study the impact of various weed management practices
and nitrogen levels on weed dynamics, productivity and
profitability of DSR.

MATERIALS AND METHODS

An experiment was conducted during the rainy (kharif)
seasons of 2018 and 2019 at Krishi Vigyan Kendra of
Ferozepur (30°54'33 N, 74°39'50 E, 243 MSL) in Punjab.
The climate of the experimental site is subtropical, semi-arid
with hot, dry summers and cold winters. The mean annual
rainfall of the study area is 484 mm and 85% of which falls
during the rice growing season (June-October). The total
rainfall received during the period of experimentation was
732 and 446 mm in 2018 and 2019, respectively. The soil
of the experimental field was sandy clay loam up to 30 cm
soil depth. The soil pH was 8.0 and electrical conductivity
was 0.45 dS/m in 0—15 cm depth. The soil has an organic
carbon content of 0.62%, permanganate extractable N of 152
kg/ha, NaHCOj, extractable P of 11.0 kg/ha and NH,OAc-
extractable K of 135 kg/ha (Jackson 1973). The experiment
was laid in a split-plot design with 3 replications. In the
main plot, 5 weed management practices, viz. pendimethalin
(0.75 kg/ha) as pre-emergence application (PE) followed by
(fb) bispyribac-sodium 0.025 kg/ha as post-emergence (PoE)
(W)); oxadiargyl 0.09 kg/ha PE fb bispyribac-sodium 0.025
kg/ha) PoE (W,); oxadiargyl 0.09 kg/ha as PE fb fenoxaprop-
p-ethyl with a safener 0.07 kg/ha PoE (W,); weed free check
(W,); and weedy check (W) while 4 nitrogen management
levels, viz. 0 (no N); 100 (N), 120 (N,) and 150 (N,) kg
N/ha were taken in sub-plots. The herbicides were applied
using a knapsack sprayer that delivered around 500 litre/ha
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spray solution for PE and 375 litre/ha for PoE herbicides
through a flat fan nozzle.

A crop cultivar PR 114 was taken in both the years. Rice
crop was direct seeded in the field using a seed-cum-fertilizer
drill after appropriate field ploughing. All the recommended
package of practices except nitrogen and weed management
were followed in DSR. For weed sampling, two quadrats
of 50 cm x 50 cm were randomly placed in each plot at 45
DAS to determine the density and biomass of narrow-leaf
and broad-leaf weeds. Weed biomass was recorded after
drying the weed samples at 70°C in an oven for 48 h. The
observations on effective tiller/m?, no of grains/panicle
and test weight (1000-grains) were recorded. Weed control
efficiency (%) was recorded as:

Weed density in weedy check-weed density in treated

o x 100
Weed density in weedy check

Weed density and biomass data were square-root-
transformed before performing ANOVA because of high
variance. Water productivity was calculated with the ratio
of grain yield to water used during growing period of crop
and expressed in kg/m3. Treatment means separation was
done by using Fishers LSD at 5% significance level when F
tests indicated that significant differences existed (P<0.05)
(Payne 2009).

RESULTS AND DISCUSSION

Weed density and biomass: In DSR, Echinochloa
crus-galli (L.) P. Beauv., Echinochloa colona (L.) Link.,
Leptochloa chinensis and Dactyloctenium aegyptium (L.)
Wild., Eleusine indica (L.) Gaertn and Digitaria sanguinalis

Table 1 Effects of nitrogen levels and weed management on density and biomass of weed, and water use efficiency
Treatment Weed density Weed biomass Weed control ~ Water use
(no/m?) (g/m?) efficiency efficiency (kg
Broad-leaf  Narrow-leaf Total Broad-leaf  Narrow-leaf Total (%) grain/m?)
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Weed management
W, 31 28 44 61 75 89 193 128 242 345 435 473 689 685 1.58 1.58
W, 32 47 43 78 75 125 228 182 255 353 483 535 638 51.6 159 1.59
W, 51 40 61 79 112 119 29.0 20.7 288 387 578 594 462 539 147 1.52
w, 0 0 0 0 0 0 0 0 0 0 0 0 100 100 1.62 1.60
W, 89 102 119 156 208 258 31.1 309 480 639 80.1 948 0 0 093 0.83
SEm+ 062 056 052 035 080 076 060 067 1.02 092 094 098 132 122 0.07 0.09
LSD (P=0.05) 192 178 1.64 1.83 252 239 1.89 211 320 289 299 311 421 389 021 028
Nitrogen level
N, 62 85 88 147 150 232 319 287 40.8 449 727 73.6 399 382 098 0.89
N, 44 43 62 69 106 112 173 113 222 343 395 456 552 580 153 1.58
N, 20 20 22 40 42 60 132 124 184 285 31.6 409 657 63.0 1.64 1.60
N, 38 25 40 44 78 69 194 137 20.6 30.2 40.0 439 623 60.0 1.62 1.60
SEm+ 038 042 040 044 058 056 045 053 068 0.63 058 0.88 132 0.62 0.04 0.03
LSD(P=0.05) 1.20 132 128 140 182 176 143 168 216 199 1.87 280 278 198 0.12 0.09

Treatment details are given under Materials and Methods.
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(L.) Scop. were the major narrow-leaf weed (NLW)
while Eclipta prostrata (L.), Sonchus oleraceus (L.) and
Commelina benghalensis (L.) were the major broad-leaf
weeds (BLW) observed during 2018 and 2019. In general,
NLW density was higher in 2019 over 2018 (Table 1).
However, density and biomass of BLW remained static in
both years. W recorded higher density and biomass of NLW,
BLW and total weed flora in 2018 and 2019. Among the
weed control practices, W, and W, recorded lower density
and biomass of NLW, BLW and total weed followed by
W, W, (7.5 and 8.9 no/m?) and W, (7.5 and 12.5 no/m?)
recorded lowest density of total weeds almost at par with
W,. W, and W, reduced the density of total weeds by 177.3
and 189.9%, respectively compared to W (20.8 and 25.8
no/m?) in 2018 and 2019. It was found that W, controlled
the wide range of weeds flora including NLW and BLW, and
therefore reduction in total weed density and biomass was
recorded in DSR. A reduction in NLW density was observed
with W, application, but Echinochloa crus-galli remained
high in both years. Likewise, D. aegyptium density recorded
high in W, treatment. Water control efficiency (WCE) was
found highest with the weed free check followed by W,
(68.9%) and W, (60.23%) due to efficient control of diverse
weed flora in 2018 and 2019. The high infestation of BLW
with W, resulted in lowest WCE (46.2-53.9%) among the
weed control practices.

In 2018 and 2019, N application influenced the density
and biomass of NLW, BLW and total (Table 1). The optimum
N application suppressed the weed growth owing to increase
the growth and yield attributes of rice crop (Hitesh et al.
2018). Hence, N at 120 and 150 kg/ha application recorded
the low density and biomass of NLW and BLW compared
to N 100 kg/ha. N level at 120 kg/ha reduced the density

of total weeds by 29.30 and 39.10% compared to no N
application (72.7 and 73.6 in 2018 and 2019, respectively).
N levels at 120 and 150 kg/ha recorded higher values of
WCE followed by 100 kg/ha in both years.

Yield attributes: In 2018 and 2019, weed management
practices recorded significant influence on yield attributes,
viz. no. of effective tillers/m?, no. of filled grains/panicle
and panicle weight except test weight in DSR (Table 2).
Application of W, and W, remained at par with respect
to no. of effective tillers/m?, no of filled grains/panicle
and panicle weight. W, application increased the effective
tillers (35.3 and 22.5%) and filled grains/panicle (33.0 and
33.3%) over weedy check. The low occurrence of weeds in
treated plots enhanced the yield attributes as rice crop faced
low competition for space and nutrients (Rao et al. 2007).
No. of effective tillers/m? and no. of filled grains/panicle
were recorded highest in W,, and remained lowest in W
during study period. N levels significantly enhanced the
no. of effective tillers, no. of filled grains/panicle, panicle
weight and test weight compared to no N application
(Table 2). Application of 120 and 150 kg N/ha remained at
par with yield attributes followed by 100 kg N/ha and no N
application. High infestation of weeds with no N application
and N at 100 kg/ha reduced the growth and vigour of rice
crop (Thind ef al. 2018), and thereby reduction in effective
tillers/plant was noticed.

Yield: In 2018 and 2019 (Table 3), W, recorded the
highest grain (5.0 and 5.4 t/ha) and straw yield (6.15 and
6.50 t/ha) in DSR. The weed free environment increased
the nutrient uptake in rice crop thereby enhanced the grain
yield (Rao and Ladha 2013). W, and W, recorded at par
values of grain and straw yield followed by W,. In 2018
and 2019, W recorded the lowest grain (2.79 and 3.50 t/ha)

Table 2  Effects of nitrogen levels and weed management on yield attributes in direct-seeded rice

Treatment No of effective tillers/m? No of filled grains/panicle Panicle weight/plant (g) Test weight (g)
2018 2019 2018 2019 2018 2019 2018 2019
Weed management
W, 280 300 130 144 1.75 2.00 22.8 23.9
W, 280 292 128 143 1.59 1.90 21.9 23.0
W, 272 278 120 128 1.55 1.84 21.1 225
W, 295 305 141 147 1.89 2.00 214 23.0
W, 207 245 100 108 1.42 1.42 20.2 22.0
SEm+ 7.30 7.72 4.06 4.73 0.03 0.02 0.38 0.42
LSD (P=0.05) 22.9 24.2 12.7 14.8 0.09 0.07 NS NS
Nitrogen level
N, 213 230 91 108 1.25 1.50 18.6 21.0
N, 264 289 122 139 1.72 1.85 21.8 22.5
N, 284 308 140 144 1.78 1.95 23.1 24.0
N, 306 309 142 145 1.80 2.00 24.8 24.0
SEm+ 5.94 6.13 3.04 3.57 0.01 0.01 0.35 0.38
LSD (P=0.05) 18.70 19.2 9.5 11.2 0.03 0.02 1.10 1.19

Treatment details are given under Materials and Methods.
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and straw yield (3.82 and 4.6 t/ha) in DSR. Here, sequential
application of W, effectively controlled the density of
Echinochloa sp. and D. sanguinalis while the Eragrostis
sp. and L. chinensis were recorded higher in DSR (Brar and
Bhullar 2012). No N (Table 3) application gave the lowest
grain (3.20 and 3.92) and straw yield (4.32 and 5.0 t/ha).
Application of 120 and 150 kg N/ha recorded at par values
of grain and straw yield in DSR. N at 120 kg/ha increased
the rice grain yield by 52.8 and 33.9% compared to no N
application. A significant interaction effect of weed and
nitrogen levels was found on grain yield of DSR in 2019
(Fig 1). Here, W, along with 150 and 120 kg N/ha recorded
higher grain yield followed by W, with N at 150 and 120
kg/ha and W, with N at 150 and 120 kg/ha. N application
enhanced the cell division, and thereby growth and vigour
of rice crop and weed free environments in DSR resulted
in to higher grain yield (Kumawat et al. 2017). In addition,
a high correlation (r>=0.99) was found with nitrogen
application between total weed density and grain yield in
both years (Fig 2). Grain yield reduced by 0.54 kg/ha in
2018 and 0.89 kg/ha in 2019 with the increase of 10 m?/
ha total weed density.

Economics: Weed management practices significantly
influenced the cost of cultivation and net returns in 2018
and 2019 (Table 3). Application of the W, and W, reduced
the cost of cultivation compared to W,. On the other hand,
weedy check recorded the lowest cost of cultivation (27.0
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Fig 1 Interaction effect of weed practices and nitrogen levels on
grain yield of DSR during 2019.
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and 29.0 x 103 ¥/ha in 2018 and 2019) as no weed control
measures were done. In weedy check, high infestation of
weeds reduced the grain yield so the lowest net returns
were obtained. Pendimethalin + bispyribac and oxadiargyl
+ bispyribac recorded higher net returns followed by
oxadiargyl + fenoxaprop and unweeded control. In
herbicides treated plots, higher yield produced with low cost
of cultivation which enhanced the net returns. The different
levels of N significantly influenced the cost of cultivation
and net returns compared to no N application in 2018 and
2019 in DSR (Table 3). N at 120 and 150 kg/ha increased
the grain yield, and therefore recorded higher net returns
(Sepat et al. 2022) compared to no N application.
Nutrient uptake and water use efficiency: In DSR, N, P
and K uptake in grain and total was significantly influenced
with weed management practices (Table 3). W, and W,
significantly recorded higher N uptake in grain (61.45 and
60.85 kg/ha) and total (100.8 and 99.45 kg/ha) followed
by W, (53.85 and 90.35 kg/ha, respectively) in 2018 and
2019. W, had highest N, P and K uptake as no competition
for water and nutrient was faced by DSR throughout the
growing period over the years. In contrary, W recorded
lowest N, P and K uptake which prove that nutrient uptake
is severely affected with abundance of weeds in DSR. In
general, imposition of herbicide treatments increased the N
uptake in grain and total by 80.37 and 74.69% compared to
W,. In W, a decrease of P uptake by 96.8% in grain and
66.0% in total was found compared to weed practices. On
the other hand, an increase of 70.49% in grain and 66.17%
in total P uptake was found with weed management practices
over weedy check. The similar response was found with
K uptake in grain and total. An increase of 71-91.9% was
registered with K uptake in grain and 48.6—60.8% with total
K uptake was found due to weed management practices as
compared to Ws. In DSR, WUE was found higher with W,
(1.58 kg/m?) and W, (1.59 kg/m3) followed by W, (1.49
kg/m?) as the herbicide application significantly reduced
the density of weeds. Application of 150 and 120 kg/ha
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R2=0.999
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Grain yield (t/ha)
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Fig 2 Relationship between total weed density and grain yield of rice during 2018 and 2019.
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recorded at par values of N uptake followed by 100 kg N/ha
in DSR. No N application recorded lowest N uptake in
grain (87.71 kg/ha) and total (80.26 kg/ha) compared to 150
kg N/ha in both years. Application of 120 and 150 kg/ha
recorded higher values of P uptake in grain and total followed
by 100 kg N /ha during 2018 and 2019. Nitrogen plays an
important role in formation of dry matter via photosynthesis
therefore uptake of nutrient enhanced with fertilization
in DSR (Farooq et al. 2011). An increase of 56.9% was
registered for total P uptake with 120 kg N/ha compared to
no N application. An increase of 49.98% was observed with
120 kg N/ha for total K uptake over to no N in DSR. The
optimum N application with less density of weeds decreased
the water demand in rice (Zang et al. 2009). Based on the
findings, it may be concluded that pendimethalin at 0.75 kg/
ha or oxadiargyl at 0.09 kg/ha application as pre-emergence
followed by bispyribac at 0.025 kg/ha as post-emergence
with nitrogen at 120 kg/ha can reduce the weed intensity
with higher grain yield in direct-seeded rice.
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