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ABSTRACT
A field experiment was conducted during Kharif2017 and 2018 at .GK.V, Raipur,
Chhattisgarh to study the effect of existing herbicides in managing weeds in
direct-seeded rice (Oryza sativa L.) and to assess their residual effect on
succeeding crops. Application of bispyribac-sodium 2% (BS) + 2,4-D sodium
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Key words (WA) (30.0 + 814.5 g/ha) controlled the weeds more effectively throughout the

crop growth period and recorded higher weed control efficiency (97.5% at 30
DAS and 92.4% at 60 DAS), herbicide efficiency index (47.1 and 13.2), reduction
of weed density (88.1 and 80.6%) and weed biomass (97.5 and 92.4%) and lower
weed persistence index (0.2 and 0.4) during both the years. The phytotoxicity
effect was observed with higher doses of BS + 2,4-DSS, alone and with adjuvant
at 25.0 + 678.8 g/ha and 30.0 + 814.5 g/ha, however it was recovered quickly.
There was no phytotoxicity and carryover effect of these herbicides tested on
chickpea + linseed intercrop, grown as succeeding crop. Application of BS +
2,4-DSS (WA) (30.0 + 814.5 g/ha) recorded highest net returns (I 65444 and
76762/ha) and B:C ratio (2.2 and 2.6) during 2017 and 2018, respectively.

Direct-seeded rice
Post—emergence herbicide

Weed control efficiency

INTRODUCTION

Rice is the source for 35-80% of total calorie
intake of Asian population (Rahman and Masood
2012). Puddling and transplanting operations in
conventional rice production system consume a
significant quantity of water, creates a hard pan
below the plough layer, reduces soil permeability, and
deteriorates soil quality for the subsequent upland
crops (Hossain et al. 2016). However direct-seeded
rice (DSR) requires 35-57% less water and 67% less

operation would be completed in a single application
and would save time (Menon 2019, Yadav et al. 2018)
as well as it overcome the problem of herbicide
resistance and the shift in weed flora (Damalas et al.
2005). It also reduces the usage rate, herbicide injury
to crops and broadens the spectrum of weed control
in a single application and reduces the cost of
application (Afrin et al. 2015).

MATERIALS AND METHODS

labour over transplanting rice (Chauhan 2012).
Nevertheless, weeds are a major biological constraint
in DSR, mainly due to the absence of impounding of
water at crop emergence, hence weed management
are crucial for increasing the productivity of DSR
(Rao et al. 2007, Chauhan et al. 2012).

The extent of yield reduction of rice due to
weeds has been estimated up to 95% in India (Pathak
et al. 2011). The chemical method of weed control is
becoming more popular and is the best alternative to
hand weeding as hand weeding needs high labour
involvement (190 man-days/ha), is tedious, time-
consuming and impractical under adverse weather
conditions (Rao et al. 2017). Use of herbicide
mixtures would be more acceptable option as the
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The field experiment was conducted during
Kharif 2017 and 2018 at the I.GK.V, Raipur (21°23’
N, 81°71° E and 290 m above mean sea level),
Chhattisgarh to study the effect of herbicides in
managing weeds in direct-seeded rice and to assess
their residual effect on succeeding chickpea + linseed
crops. The soil was neutral in reaction (pH 6.5), low
in available nitrogen, medium in phosphorus and high
in potassium.

Eleven treatments viz. bispyribac-sodium 2%
(BS) + 2,4-D-sodium salt 54.3% SP (DSS) (20.0 +
543.0 g/ha), BS+ 2,4-DSS (25.0 + 678.75 g/ha), BS +
2,4- DSS (30.0 + 814.5 g/ha), BS+ 2,4-DSS with
adjuvant (WA) (20.0 + 543.0 g/ha), BS + 2,4-DSS
(WA) (25.0 + 678.75 g/ha), BS + 2,4-DSS (WA) (30.0
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+ 814.5 g/ha), bispyribac-sodium 10% SC 20 g/ha,
2,4-D ethyl ester 38% EC (34% W/W) (EE) (850 g/
ha), penoxsulam 21.7% SC (22.5 g/ha), weed free (20
and 40 DAS) and weedy check were laid out in a
randomized block design with three replications. Pre-
germinated seeds of medium duration rice variety
‘Indira Rajeshwari (IGKV R 1)’ were line sown on
non-puddled levelled field on 20™ and 30™June of 2017
and 2018, respectively with a seed rate of 80 kg/ha.

The crop was fertilized with 100:60:40 N:P:K
kg/ha during both the years, and 50% nitrogen, entire
dose of phosphorous and potassium were applied as
basal. The remaining 50% of the nitrogen was top
dressed at two equal splits at tillering and panicle
initiation stages. The study area receives rainfall of
716.0 mm in 2017 and 973.6 mm in 2018 during rice
season, with a temperature variation of 24.9 to 32.2°C
in 2017 and 24.3 to 31.3°C in 2018. The herbicides
were sprayed at 2-3 leaf stage of weeds by knapsack
sprayer with spray volume of 500 L/ha. All herbicide
treatments were applied at 18 days after seeding
(DAS). The data on weed density and weed biomass
(at 30 and 60 DAS) were recorded with the help of
quadrat (0.5 x 0.5 m). Phytotoxic effect of herbicides
on rice was evaluated by observing for chlorosis, vein
clearing, necrosis, wilting, scorching, epinasty and
hyponasty of leaf at 1, 3, 5, 7 and 10 days after
application (DAA) of herbicides. The observation on
the level of phytotoxicity through visual assessment
of crop response was rated in the scale of 1-10. Data
on yield attributes like number of effective tillers,
number of grains per panicle, test weight and grain
yield were recorded. The weed control efficiency (at
30 and 60 DAS) was worked out on the basis of weed
biomass. The herbicide efficiency index (HEI) was
calculated as suggested by Krishnamurthy et al.
(1975).

(Ye=ve)
Ve
WD Mt
WDMe
Yt = Crop yield from the treated plot
Yc = Crop yield from the weedy check
WDMt = Weed dry weight in the treated plot

WDMc = Weed dry weight in the weedy check

HEI =

Where,

The weed persistence index (WPI) was
calculated by the given formula as suggested by
Sarma (2016)

W WD,
WPI= — X
W. WD,
Where, W and W¢ = Weed biomass in treated and weedy

check plot, respectively

WD and WD = Weed density in treated and weedy
check plot, respectively
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The per cent reduction of weed density
(%RWD) and reduction of weed biomass (%RWB)
were calculated as per the given formula as suggested
by Islam et al. (2018)

/ Number of weeds per m~in treated plot
%RWD=(1- = 100

Number of weeds per m? in weedy plot,

) ) Weed biomass per m*© in treated plot
%RWB=|1— — - — 100

Weed biomass per m? in weedy plot

In the succeeding intercropping system,
chickpea was considered as the main crop and linseed
as an intercrop component. Then the grain yield of
linseed from each plot was converted to chickpea
equivalent yield of intercropping system as suggested
by Agegnehu et al. (2006)

EY, = Y xpl
L— L P,

EY, = Y, + EY,
Where, EY;= Chickpea equivalent yield of linseed (t/ha)
EY= Chickpea equivalent yield of intercropping
system (t/ha)

Ycand Y= Yield (q/ha) of chickpea and linseed
respectively

P, and P,= Price of linseed and chickpea respectively

RESULTS AND DISCUSSION

Weed density, weed biomass and weed control
efficiency

The major weed flora with their relative
composition observed in experimental field included
Echinochloa colona (39.3 and 55.3%), Ischaemum
rugosum (2.0 and 5.1%), Dactyloctenium aegyptium
(2.2 and 2.9%), Cynodon dactylon (10.1 and 4.6%)
among grasses; Cyperus iria (3.3 and 2.5%) among
sedges, whereas among broad-leaf weeds,
Alternanthera sessilis (15.2 and 6.7%), Physalis
minima (1.9 and 2.8%), Phyllanthus niruri (2.6 and
4.4%), Cyanotis axillaris (3.2 and 2.6%) , Eclipta
alba (9.6 and 4.9%) and Cassia tora (7.5 and 5.0%)
during 2017 and 2018, respectively.

Significant variation in per cent reduction of
weed density and biomass over control was observed
among weed management practices at 30 and 60
DAS during both the years (Table 2). Among the
herbicide treatments, the application of BS + 2,4-
DSS (WA) (30.0 + 814.5 g/ha) gave higher per cent
reduction of weed density and biomass followed by
BS + 2,4-DSS (WA) (25.0 + 678.75 g/ha), BS + 2,4-
DSS (30.0 + 814.5 g/ha) and BS + 2,4-DSS (WA)
(20.0 + 543.0 g/ha) (Table 1). Application of BS +
2,4-DSS (WA) (30.0 + 814.5 g/ha) recorded the
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highest weed control efficiency followed by BS + minimum HEI and maximum WPI. Thus, there was
2,4-DSS (WA) (25.0 + 678.75 g/ha) during both the an inverse relationship between HEI and WPI. Similar
years at 30 DAS and 60 DAS (Table 1). The lowest findings were also reported by Singh et al. (2017). As
weed control efficiency was found with the compared to 2018, in 2017, greater HEI was
application of 2, 4- D EE (850 g/ha) at 30 and 60 DAS recorded at 30 DAS and 60 DAS, where as vice versa
during both the years due to the poor control of in case of WPL

grassy weeds by 2,4-D. The higher weed control

efficiency recorded in Kharif 2017, may be attributed Yield and yield attributes

to the lower infestation of weeds as compared to Among the herbicide treatments, the highest
Kharif 2018. The low infestation of weeds in Kharif number of effective tillers/m’, number of grains/
2017 was due to lower rainfall (398.40 mm) received panicle, grain yield and the lowest sterility percentage
during early growth period of crop up to 60 DAS was recorded under the application of BS + 2,4-DSS
when compared to the Kharif 2018 (587.60 mm). (WA) (30.0 + 814.5 g/ha) (Table 3). The lowest grain

. . . . yield was in weedy check treatment, with a reduction
.Herblc1de efficiency index and weed persistence in grain yield of 51.0% in 2017 and 50.6% in 2018 as
index compare to weed free treatment. The lowest grain

Amongst herbicide, the maximum herbicide yield in weedy check might be due to season-long
efficiency index (HEI) and minimum weed weed competition exerted by the weeds at the critical
persistence index (WPI) were witnessed under the stages of crop growth. The weed free treatment

application of BS + 2,4-DSS (WA) (30.0 + 814.5 recorded significantly higher grain yield (5.92 t/ha in
g/ha) followed by BS + 2,4-DSS (WA) (25.0 + 2017 and 5.75 t/ha in 2018) and was found at par
678.75 g/ha) at 30 and 60 DAS, during both the years with the application of BS+ 2, 4- DSS (WA) (30.0 +
(Table 2). The application of 2,4-D EE recorded the 814.5 g/ha), BS + 2, 4- DSS (WA) (25.0 + 678.75

Table 1. Effect of herbicides treatments on weed control efficiency (WCE), per cent reduction in weed density and

biomass

o Reduction in weed Reduction in weed biomass

. WCE (%) density (%) (%)
reatment 30DAS 60 DAS  30DAS 60 DAS 30 DAS 60 DAS
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
BS + 2,4-DSS (20.0 + 543.0 g/ha) 792 770 790 759 609 625 534 505 792 770 790 759
BS +2,4-DSS (25.0 + 678.75 g/ha) 843 80.5 79.6 778 669 676 594 559 843 805 796 778
BS +2,4-DSS (30.0 + 814.5 g/ha) 88.6 87.7 854 844 80.0 812 709 674 88.6 877 854 844
BS + 2.4-DSS (WA) (20.0 + 543.0 g/ha) 877 864 84.6 827 774 797 677 636 877 864 846 827
BS +2,4-DSS (WA) (25.0 + 678.75 g/ha) 96.8 942 90.6 902 854 848 764 752 968 942 90.6 902
BS +2,4-DSS (WA) (30.0 + 814.5 g/ha) 985 965 925 924 889 873 82.6 786 98.5 965 925 924
Bispyribac-sodium 10% SC (20 g/ha) 762 745 767 732 571 576 474 459 762 745 767 7132
2,4-D-cthyl ester 38% EC (34% W/W) (850 gha) 622 587 66.5 612 44.6 448 23.0 353 622 587 665 612
Penoxsulam 21.7% SC (22.5 g/ha) 736 716 750 709 532 546 39.6 435 736 716 750 709
Weed free (20 and 40 DAS) 100.0 100.0 99.6 983 100.0 100.0 947 91.7 100.0 1000 99.6 98.3
Weedy check - - - 2 00 00 00 00 00 00 00 00

DAS: Days after sowing; BS - Bispyribac-sodium; DSS - 2,4-D-sodium salt; WA - With adjuvant

Table 2. Effect of herbicides treatments on Herbicide efficiency index (HEI) and Weed persistence index (WPI)

HEI WPI

Treatment 30 DAS 60 DAS 30 DAS 60 DAS

2017 2018 2017 2018 2017 2018 2017 2018
BS +2,4-DSS (20.0 + 543.0 g/ha) 2.47 2.22 2.45 2.12 0.53 0.61 0.45 0.49
BS +2,4-DSS (25.0 + 678.75 g/ha) 4.14 3.23 3.19 2.84 0.47 0.60 0.50 0.50
BS +2,4-DSS (30.0 + 814.5 g/ha) 6.99 6.48 5.45 5.13 0.57 0.66 0.50 0.48
BS +2,4-DSS (WA) (20.0 + 543.0 g/ha) 6.30 5.52 5.00 4.35 0.54 0.67 0.48 0.48
BS +2,4-DSS (WA) (25.0 + 678.75 g/ha) 26.86 14.93 9.28 8.78 0.22 0.38 0.40 0.40
BS +2,4-DSS (WA) (30.0 + 814.5 g/ha) 65.59  28.59 13.30 13.05 0.14 0.27 0.43 0.36
Bispyribac-sodium 10% SC (20 g/ha) 1.61 1.33 1.65 1.26 0.56 0.60 0.44 0.50
2,4-D ethyl ester 38% EC (34% W/W) (850 g/ha) 0.62 0.59 0.69 0.63 0.68 0.75 0.43 0.60
Penoxsulam 21.7% SC (22.5 g/ha) 0.95 0.95 1.01 0.93 0.56 0.63 0.41 0.51

DAS: Days after sowing; BS - Bispyribac-sodium; DSS - 2,4-D-sodium salt; WA - With adjuvant
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Table 3. Effect of herbicide treatments on rice yield attributes and yield of DSR and their residual effect on chickpea

equivalent yield as succeeding crop

Chickpea
No. of No. of Sterilit Test Rice grain equivalent Net returns B:C ratio
effective grains/ Y ioh yield yield (x10° /ha)
Treatment tillers/m?  panicle percentage weight (g) (t/ha)  as succeeding
crop (t/ha)
2017 2018 2017 2018 2017 2018 2017 2018 20172018 2017 2018 2017 2018 2017 2013
BS +2,4-DSS (20.0 + 543.0 g/ha) 381.7 371.3 124.5121.0 12.4 12.8 24.3 242 439 429 231 2.16 440 525 1.6 19
BS +2,4-DSS (25.0 + 678.75 g/ha) 382.3 3753 127.2123.3 11.4 11.9 244 24.4 479 463 231 225 493 585 1.7 2.1
BS +2,4-DSS (30.0 + 814.5 g/ha) 412.7 407.3 138.7135.5 8.7 9.4 247 247 520 5.11 236 228 569 67.1 2.0 23
BS +2,4-DSS (WA) (20.0 + 543.0 g/ha) 412.0 406.8 137.7134.7 9.1 9.5 244 244 514 497 233 227 547 647 19 23
BS +2,4-DSS (WA) (25.0 + 678.75 g/ha) 415.0 407.5 140.7 136.7 8.3 9.0 24.7 24.7 543 528 2.38 229 595 70.0 2.1 2.4
BS +2,4-DSS (WA) (30.0 + 814.5 g/ha) 416.5 408.0 141.3137.3 7.1 8.4 24.8 24.8 5.80 5.66 2.37 233 654 768 22 2.6
Bispyribac-sodium 10% SC (20 g/ha) 380.0 367.3 123.3120.7 13.8 13.0 24.2 24.2 4.01 3.80 2.27 2.12 364 440 13 1.6
2,4-D-ethyl ester 38% EC (34% W/W)  326.2 320.8 110.3 108.7 17.8 18.4 24.1 24.0 3.57 3.53 2.23 2.00 323 394 12 1.5
(850 g/ha)
Penoxsulam 21.7% SC (22.5 g/ha) 332.0 325.5 112.2109.5 17.1 18.1 24.1 24.1 3.63 3.61 2.26 2.14 319 39.1 1.1 1.4
Weed free (20 and 40 DAS) 418.5 410.3 142.3137.7 6.7 8.0 249 24.8 592 575 240 232 592 70.6 1.6 1.9
Weedy check 242.2 237.2 102.2 100.0 22.3 27.0 24.0 23.9 290 2.84 221 2.10 21.6 273 08 1.0
LSD (p=0.05) 76 57 66 38 33 15 NS NS 084 08 NS NS - - - -

DAS: Days after sowing; BS - Bispyribac-sodium; DSS - 2,4-D-sodium salt; WA - With adjuvant

g/ha), BS + 2, 4- DSS (30.0 + 814.5 g/ha) and BS +
2,4- DSS (WA) (20.0 + 543.0 g/ha) during both the
years (Table 3). The highest grain yield was
attributed to the higher reduction of weed density and
biomass during both years. The bispyribac sodium
inhibits the acetohydroxy acid synthase (ALS) to
achieve a broad-spectrum control of weeds. Rao and
Nagamani (2007) also reported that post-emergence
application of bispyribac-sodium at 30 g/ha applied at
15 DAS was found to be the most effective due to its
broad-spectrum control of weeds in rice, without any
phytotoxic effect. On the other hand, 2,4-D EE
controls broad-leaved weeds by inhibiting cell
division (Das 2016). So the combination of both
chemical stands more effective than their sole
application against weed flora and fetched higher
yield. No significant difference was observed in
chickpea equivalent yield in chickpea + linseed
intercrop, as succeeding crop

Phytotoxicity

The herbicide phytotoxicity effect was observed
on rice during both the years but the crop recovered
quickly. The application of BS + 2,4-DSS (WA) (30.0
+ 814.5 g/ha), BS + 2,4- DSS (WA) (25.0 + 678.75 g/
ha), BS+ 2,4-DSS (30.0 + 814.5 g/ha) and BS + 2, 4-
DSS (25.0 + 678.75 g/ha) reported phytotoxicity in
terms of chlorosis in rice crop at 3, 5 and 7 DAA with
scale of 0 to 3 during both the years . Very low scale
of 0 to 1 phytotoxicity was observed for necrosis and
scorching with the application of BS + 2,4-DSS (WA)
(30.0 + 814.5 g/ha), BS + 2,4-DSS (WA) (25.0 +
678.75 g/ha) and BS + 2,4-DSS (30.0 + 814.5 g/ha)
treatments.
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Economics

Among different weed management practice,
the highest net returns (¥ 65444 and 76762/ha) and
B:C ratio (2.2 and 2.6) were recorded with application
of BS + 2,4-DSS (WA) (30.0 + 814.5 g/ha) during
2017 and 2018, respectively (Table 3). While, the
lowest net returns (¥ 21620 and 27295/ha) and B:C
ratio (0.8 and 1.0) were observed in weedy check.
The weedy check treatment recorded 67 and 64 per
cent loss in net returns during 2017 and 2018,
respectively as compare to the application of BS+
2,4-DSS (WA) (30.0 + 814.5 g/ha).

Thus it may be concluded that application of BS
+ 2,4-DSS (WA) (30.0 + 814.5 g/ha) may be
suggested for managing weeds in DSR as it
controlled the weeds more effectively throughout the
crop growth period and recorded higher gain yield,
net returns and B:C ratio.
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