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Evaluation of new generation herbicide-based weed management strategies on direct

sown rice production in Cauvery deltaic zone

Abstract

Field assay was conducted during “Navarai” season, 2019 at Chidambaram region of
cauvery delta to find out the influenceof new generation herbicidebased weed management in
direct sown rice production. The Experiment was laid out in randomized block design with
three replications using rice cultivar CO-51. The treatments includes T1- Un-weeded check,
T,- Twice hand weeding at 15 and 30 DAS Ts- Pre-emergence application of.pyrazosulfuron-
ethyl 10% WP at 200g ha™ at 7 DAS + one Hand weeding at 30.DAS T,- Pre-emergence
application of metsulfuran-methyl 10% + chlorimuron-methyl 10% WP.at 20g ha™ at 7 DAS
+ one Hand weeding at 30 DAS Ts-Pre-emergence application of Pretilachlor 50% EC at
1250 ml ha™* at 7 DAS + one Hand weeding at 30 DAS Te- Early post-emergence application
of pretilachlor 6% + pyrazosulfuran-ethyl 0.15% G at'615g.ha™at 15 DAS. T;- Early post-
emergence application of bispyribac-sodium10% SC at 300. ml ha™* 15 DAS Tg- Early post-
emergence application of pretilachlor 6% + pyrazosulfuran-ethyl 0.15% G at 615g ha™ at 15
DAS + one Hand weeding at 30 DAS T,- Early post-emergence application of bispyribac-
sodium 10% SC at 300 ml haat 15 DAS+ one Hand weeding at 30 DAS. On analysing the
experimental results, it is revealed that all the imputed treatments has affected weed
flora,crop growth, yield attributes and economics of direct sown rice cultivation.
Furthermore, application of bispyribac-sodium 10% SC at 300 ml ha™* at 15 DAS + one hand
weeding at 30' DAS provided. superior results amid all the treatments.The absence of weed
management practices (i.e) T;- Un-weeded check has negatively affected the crop production

to a greater extent by registering poor crop growth and yield parameters.
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Introduction

Cauvery delta zone is a highly fertile rice growing area lies in the eastern part of
Tamil Nadu in which the cropping systems are majorly based on rice*. The farmers in this
zone are specialized in wetland rice cultivation since time immemorial. Globally, weeds are
the main biotic factor limiting rice productivity. Approximately 60% of the weeds in

transplanted rice appear one week to one month after transplanting. At the effective tillering



stage, these emerging weeds are competing with rice, and a decrease in panicle quantity
results in a lower grain yield®*. One of the most common weeds cyperusrotundus, makes it
difficult to prepare land for rice farming. Additionally, during the early stages of rice growth,
weed infestation and cyperus rhizome regeneration occur due to improper land levelling and
an alternating wet and dry irrigation patter'’.As transplanted paddy is most common practice
among this area, due to resource constraint situations direct sown rice cultivation is opted by
rice farmers among this agro-ecological zone®.While undergoing conversion from
transplanted rice production to directly sown rice results in more weed flora competition,
requiring revised weed management approaches to effectively control the complex weed
biota® .Farmers frequently use hand weeding as a method of controlling weeds, but it takes a
lot of time, is labor-intensive, and is waged highly. The most practical, affordable, and
efficient method of controlling weeds is through the use of herbicides®’. Butold generation
herbicides requires bulk application and formation of toxic residues in environment, modern
new generation low dose herbicides offers a feasible‘management practice in crop production
without affecting the environment**®*#2. Although butachlor, a renowned rice herbicide,
when applied in field conditions may cause ecological consequences like alteration of the
metamorphosis cum growth of the alpine cricket. frog: (Fejervaryalimnocharis)™, causing
DNA damage on the erythrocytes of freshwater catfish (Clariasbatrachus)?, and has been
affirmed as a B2, L2, and C class of carcinogen by various environmental
agencies™Recently, pendimethalin has been banned by the government of Kerala because of
its harmful side effects on humans and aquatic animals. New generation herbicides like
bispyribac sodium and. pyrazosulfuron-ethyl are relatively much safer when applied
appropriately (i.e., bispyribac sodium improved the AMF colonisation, sporulation, and other
microbial properties.in an aerobic rice system?, andapplication of pyrazosulfuron ethyl at 25
g ha™* to. manage-annual and perennial weeds in rice field, did not cause any environmental
hazard®. Considering the above information in view, a field investigation has been carried
out to study the efficacy of new generation herbicide-based weed management strategies on
weed population dynamics, crop growth and development, crop yield, and economics in
direct-sown rice and to find a suitable weed management strategy for this locality.
Materials and methods

Field assessment was conducted during Navarai rice growing season,2019 at
Agronomy Department Experimental Farm, Annamalai University to observe theinfluence of
certain new generation herbicide-based weed management practises in direct-sown rice

production.The soil of the experimental field was clay loam in texture and the physico-



chemical properties of the experimental field soil is presented in Table 1. The treatments
assigned in this field assessment weretabulated in Supplementary Tablel. Before sowing, the
test crop CO51 rice variety seeds aretreated with Pseudomonas fluorescens for preventing
fungal infection at early growth stages and sown at a spacing of 15 x 10 cm in the main field.
All the pre-emergence herbicides (pyrazosulfuron-ethyl 10%, pretilachlor 50% EC,
metsulfuron-methyl 10%, and cholrimuron-ethyl 10% @ 20 g ha™) were sprayed on 7 DAS,
and early post-emergence herbicides (pretilachlor 6%, pyrazosulfuron-ethyl 0.15% G, and
bispyribac-sodium 10%) were applied on 15 DAS with a flat fan nozzle attachment of
knapsack sprayer. As per the recommendations issued by Tamil Nadu Agriculture University,
the blanket fertiliser recommendationof 120:40:40 kg NPK ha™ was followed by applying
entire quantity of phosphorus as basal dose whereasNitrogen cum potassium fertilisers were
given in 3 splits during basal, tillering, and panicle initiation:stages of the crop.Observations,
viz., weed parameters (weed population, weed Dry Matter Production (DMP)), crop growth
parameters (plant height, Leaf area Index (LAI), number of tillers clump™, and Dry Matter
Production (DMP)), yield parameters (number of panicles'm™, number of filled grains in
panicle™, 1000 grain weight, grain yield, and straw yield), and economics (cost of cultivation,
gross income, net income, and benefit cost ratio. (BCR)) were recorded and furnished in
tables 2, 3, 4, 5and 6

Result

Effect of weed control measures on weed attributes

The most important. weed flora detected in the experimental field are
Echinochloacalonum, .. 'Echinochloa crus-galli, Leptochloachinensis,Cyperusrotundus,
Cyperusdifformis, Marsileaquadrifolia, and Eclipta alba. Sedges are the dominant weed biota
in rice production, .our experimental setup has also shown a severe infestation of sedges. All
the 'given treatments have a substantial influence on the weed population, DMP and Weed
Control Index (WCI). Among them, T;- early post-emergence application of bispyribac-
sodium 10% SC at 15 DAS + one Hand weeding at 30 DAS produced superior results by
recording the lowest weed population of 6.77 and 8.83 on 30 and 60 DAS, the lowest DMP of
17.23 and 24.87 on 30 and 60 DAS, and the highest WCI of 92.40% on 60 DAS.

Effect of weed control measures on Crop growth attributes

All the imposed weed control treatments has shown momentous effects on the crop
growth. Among them, T- early post-emergence application of bispyribac-sodium 10% SC at



15 DAS + one Hand weeding at 30 DAS gives superior results, viz., plant height (75.56 cm
on 60 DAS), number of tillers clump™ (26.21 on 60 DAS), LAI (6.74), and DMP (10.43 t ha’
'on 60 DAS).

Effect of weed control measures on Yield parameters

The results showed that the assigned treatments impactedyield parameters viz.,number
of panicles, number of filled grains, grain yield and straw yield. The rice yield is mainly
governed by the efficiency of the weed control practices involved in cultivation'. 415.42
number of panicles m*, 113.56 number of filled grains panicle™, 5675 kg ha™grain yield and
7865 kg ha 'straw yield arerecorded in our trial with application of bispyribac-sodium 10%
SC on 15 DAS + one Hand weeding at 30 DAS which is the best among.given treatments.

Effect of weed control measures on economics

Higher crop productivity with lesser cost of cultivation could result in better economic
parameters like higher net returns and B:C ratio. The treatment, Bispyribac-sodium 10% SC
@ 15 DAS + one hand weeding on 30 DAS (Tg) registered the highestnet income of
Rs.49260.89 ha™ and return rupee™ invested of rupee 2.07. Unweeded control (T1) recorded

the least net income of Rs.-1264.13 ha ‘and return rupee™ invested of 0.96.

Discussion

Effect of weed control measures on weed attributes

Bispyribac sodium + hand:weeding recorded lowest weed density and highest weed
control index. This result is attributed to the weed-control potential of systemic herbicide
bispyribac-sodium. (2,6-bis [(4,6 dimethoxypyrimidin-2-yl) oxy] benzoate), which moves
inside plant tissues and- interferes with the production of acetolactate synthase (ALS), which
plays a pivotal role in the branched chain amino acids (i.e.) leucine, isoleucine, and valine
production’. Except for BCAA starvation, other hypotheses about the secondary effects of
ALS inhibition, such as accumulation of pyruvate and 2-aminobutyrate, inhibition of DNA
synthesis, disruption of photo-assimilate translocation, and anaerobic respiration, have also
been implicated in the mechanism of plant death caused by ALS-inhibiting herbicides™®.
The affected weeds show stunted growth, reddening at plant tips, and further end up in plant
death. As this treatment is given along with hand weeding at 30 DAS, which removes the
new weeds, it provides a weed-free environment in the crop vicinity, favouring crop growth

to its maximum potential without any competition from weeds in the critical period of crop



weed competition. The major advantage of following Integrated Weed Management (IWM)
is that it prevents the formation of herbicidal resistance among weed flora and the

accumulation of toxic herbicidal residues in the ecosystem. These findings agree with®*33,
Effect of weed control measures on growth attributes

Researchers®, reported the growth improvementby bispyribac-sodium 10% SC+ hand

weeding®?

stimulated growth attributes by herbicide cum hand weeding practise in direct
sown rice. In this line, the selection of bispyribac-sodium 10% SC at 15 DAS + one hand
weeding at 30 DAS for weed control in direct-sown rice has modified the agro-ecosystem for
rice crop production by eliminating the competitive heterogeneous allelopathic weed flora
present in the crop land during the active crop growth stages and"making sure that the crop
plant receives maximum light, space, nutrient, and moisture'?. As weed. plants harbours
harmful pests and diseases, its removal ensures safer and.competition free environment to the

crop plants and resulted in improved growth of rice plants®”.
Effect of weed control measures on Yield parameters

Yield parameters also bispyribac-sodium 10% SC+ hand weedingcombination was
best this is because of the right selection.and adoption of integrated weed management
strategy rather than using chemical:methods of weed management alone, it was similar with
the findings of*®. This new generation herbicide based integrated weed management practise
improved availability of natural resources and critical inputs for establishment of rice crop
and endangering the survival of'weed biota in the field®’. As direct sown rice is highly
succumbed to -weed. competition, the effectiveness of this treatment removes the weed
competition and facilitated higher yield in rice. This report is synchronous with the reports of
1025 yield reduction in rice cultivation is attributed to the increased weed infestation and
weed interference throughout the crop period®. Due to heavy competition offered by weeds in

unweeded control plot, poor crop performance was obtained®.

Effect of weed control measures on economics

The efficacy of any production system is ultimately evaluated on the basis of its
economics. Effective weed control without increasing the cost of cultivation is highly
preferable among the farming community'®®. As traditional weed management needs high
labour charges, this integrated approach produced good results with lesser expenses®. This

hypothesis is supported by the highest B:C ratio (2.07) in the given treatment bispyribac



sodium 10% SC & 15 DAS followed by one hand weeding on 30 DAS. This finding is
congruent with the results of %,
Conclusion

Our experimental results revealed that the use of this integrated approach to weed
management in direct-sown rice production has controlled the weed biota, enhanced crop
growth, and produced a higher yield at a lower expense. As this method requires less labour
and provides good control over heterogeneous weeds without building up toxic residues in
the environment, it can be easily adapted in resource-constrained situations.. Hence, the
recommendation of bispyribac sodium 10% SC @15 DAS followed by one hand weeding on
30 DAS is advisable among the direct sown rice farming community for.effective weed
management in this Cauvery Deltaic Zone. As our studies are conducted from an agronomical
perspective, much research is needed to find out about the various factors hindering the
adoption of this practise in this region for achieving sustained rice production and food
security.
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Table 1 Soil Physico-chemical properties of the experimental field

Parameters Values Remark Methods adopted

pH 7.5 Neutral Jackson, 1973

Organic carbon (%) | 0.70 Medium Walkley and Black,
1934

Available N (kg ha | 232.5 Low Subbiah and. Asija,

D) 1956

Available P (kg ha™) | 19.2 Medium Olsen et al., 1954

Available K (kg ha | 324.6 High Jackson, 1973

)

Supplementary Table 1- Treatment details

T:1 | Un-weeded check

T, | Twice hand weeding @ 15 and 30 DAS

Ts | Pre-emergence application of Pyrazosulfuron-ethyl. 10% WP @ 200g ha” @ 7 DAS + one Hand weeding @ 30 DAS

T, | Pre-emergence application of Metsulfuran-methyl . 10% + Chlorimuron-methyl 10% WP @ 20g ha’ @ 7 DAS + one Hand weeding @ 30
DAS

Ts | Pre-emergence application of Pretilachlor 50% EC @ 1250 ml ha™ @ 7 DAS + one Hand weeding @ 30 DAS

Te | Early post-emergence application of Pretilachlor 6% + Pyrazosulfuran-ethyl 0.15% G @ 15 DAS.

T; | Early post-emergence application of Bispyribac-sodium 10% SC @ 300 ml ha™ 15 DAS

Ts | Early post-emergence application of Pretilachlor 6% + Pyrazosulfuran-ethyl 0.15% G @ 15 DAS + one Hand weeding @ 30 DAS

To | Early post-emergence application of Bispyribac-sodium 10% SC @ 300 ml ha™@ 15 DAS+ one Hand weeding @ 30 DAS




Table.2. Effect of weed control treatments on individual weed population (m™) on 30 DAS

8 « = 2 S 5 @
Treatments S 5 = - % o 2.2 g .S c\:s
25 £ 3 E =7 - 7 2 =
£~ 55 g g S 5 g
i w 3 G 3 g i
12.5 10.2 11.3 41.02 19.26 8.6 3.2
T, (3.60) (3.27) (3.43) (6.44) (4.44) (3.01) (1.92)
T, 1.84 3.6 4.3 3.25
(1.52) (2.02) ; (2.19) (1.93) ; ;
Ts 6.03 7.2 4.2 121 8.14 5.1 1.9
(2.55) 2.77) (2.16) (3.54) (2.93) (2.36) (1.54)
T, 5.1 6.2 3.4 11.2 7.4 45 1.3
(2.36) (2.58) (1.97) (3.42) (2.81) (2.23) (1.34)
Ts 5.9
(2.52) 6.8 3.9 11.8 7.8 4.8 1.7
(2.70) (2.09) (3.50) (2.88) (2.30) (1.48)
Ts 8.58 8.1 5.3 16.4 12.83 6.4 2.21
(3.01) 2.93) (2.40) 4.11) (3.65) (2.62) (1.64)
T 9.57 8.8 6.40 25.2 14.75 7.3 2.8
3.17) (3.04) (2.62) (5.01) (3.90) 2.79) (1.81)
Ts 3.8 49 2.38 7.6 541
(2.07) (2.32) (1.69) (2.84) (2.43) - -
Ty 1.04 1.73 2.16 1.84
(1.24) (1.49) ; (1.63) (1.52) ; ;
S.Ed 0.11 0.09 0.26 0.15
NS NS NS
0.54




CD (p=0.05)

| 0.23

| 0.2

0.31

Figures in paranthesis are original values, values are square root transformed (Vx + 0.5)

Table.3. Effect of weed control treatments on individual weed population (m®) on 60 DAS

© 8] Q > o © <
E E E = c_g 2 § b= 3w =2
S 3 G 8 c 2 s 4 ) S = ©
Treatments e 5 e 7 S g 25 2E = £ g
= 8 = g it 2 g s | 3
w w | O o p w
T 23.36 16.91 11.6 47,34 27.91 12.41 3.96
(4.88) (4.17) (3.47) (6.91) (5.33) (3.59) (2.11)
T, 5.36 2.05 - 6.65 3.68 - -
(2.42) (1.59) (2.67) (2.04)
Ts 12.86 7.42 421 17.67 12.73 3.13 1.43
(3.65) (2.81) (2.17) (4.26) (3.63) (1.90) (1.38)
T, 11.74 6.21 3.16 16.63 11.92 2.24 1.13
(3.49) (2.59) (.91) (4.13) (3.52) (1.65) (1.26)
Ts 12.15 6.84 3.81 17.12 12.17 2.72 1.20
(3.55) (2.70) (2.07) (4.19) (3.55) (1.79) (1.30)
Ts 17.72 13.11 7.45 22.91 17.82 6.21 3.14
(4.26) (3:68) (2.81) (4.83) (4.28) (2.59) (1.90)
T, 18.53 13.54 8.34 23.82 18.51 7.35 3.61
(4.36) 3.74) (2.97) (4.93) (4.36) (2.80) (2.02)
Ts 8.25 3.81 - 10.37 7.86 - -
(2.95) (2.07) (3.29) (2.89)
Ty 2.79 1.01 - 3.61 1.42 - -
(1.81) (1.22) (2.02) (1.38)
0.21 0.20 0.28 0.31




S.Ed NS NS | NS
Treatments Weed population on 30 | Weed population on 60 | Weed DMP 30 DAS Weed DMP 60 DAS Weed Control Index
DAS DAS (WCI)
0.42 0.41 0.56 0.62
CD (p=0.05)

Figures in paranthesis are original values, values are square root transformed (Vx +0.5)




T, lr'('))édé t A %2}5 DMP ﬁ\j'_le[gljtJEI Nomber uf327_381000 Grain Straw
Treatments gkﬂgj\ t | 60 DAS ﬁ'@g@l 60 DAS o_fI filled gr_aiE yield_1 yield_1
T, \G%n[go oG A m:ﬁp'es prains. —e WeIgAt——tkgha g keha)
MBS 6\44’}8 ) panicle
T; 44.67 59.45 63.89 114.26 65.09
(6.68) (7.74)
T4
39.10 53.03 59.31 109.43 66.57
(6.25) (7.31)
Ts 42.70 56.01 61.46 112.11 65.75
(6.53) (7.51)
Ts 59.81 88.36 144.68 157.54 52.53
(7.73) (9.42)
T, 74.82 93.67 148.52 155.39 51.87
(8.64) (9.70)
Ts 24.09 30.29 37.74 46.72 85.72
(4.91) (5.54)
Ty 6.77 8.83 17.23 24.87 92.40
(2.60) (3.05)
S.Ed
0.47 0.59 2.67 3.27
CD (p=0.05)
0.97 1.21 5.43 6.65

Figures in paranthesis are original values, values are square'root transformed (Vx + 0.5)

Table.4. Effect ofweed control treatments.on total weed population, weed dry matter production (kg ha™) and WCI




T1

55.06 243 13.16 5.36 216.90 48.93 16.41 2290 4721
T, 72.06 5.72 23.36 9.26 403.79 104.70 16.69 5287 7546
T3 63.90 3.94 18.34 7.26 385.64 88.76 16.51 4655 6795
Ta 65.33 4.16 19.27 7.60 352.38 90.79 16.58 4784 6986
Ts 64.73 4.07 18.81 7.43 346.09 89.06 16.53 4701 6832
Te

60.10 3.37 16.53 6.46 318.53 80.32 16.48 3805 6437
T7

59.33 3.23 15.82 6.33 312.34 79.33 16.46 3634 6211
Ts

68.83 4.88 21.15 8.46 385.64 98.25 16.60 5046 7307
T

75.56 6.74 26.21 10.43 415.42 113.56 16.72 5675 7865

S.Ed
1.09 0.13 0.61 0.21 6.64 1.55 NS 91 112
CD (p=0.05)
2.23 0.27 1.24 0.43 13.49 3.16 184 227

Table.5. Effect ofweed control treatments on Crop growth and yield attributes




Treatments Cost of cultivation (Rs.) Grossincome (Rs.) Netincome (Rs.) BCR

T1
41500.38 40236.25 -1264.13 0.96

T2
46745.54 887375 41991.96 1.89

Ts
46019.27 77165 31145.73 1.67

Ty
45563.78 79055 33491.22 1.73

Ts
45745.43 78168.75 32423.32 1.70

Te
43575.62 65121.27 21545.65 1.49

T7
43695.38 62273.75 18578.37 1.42

Ts
46975.15 84823 37847.85 1.80

To
45695.36 94956.25 49260.89 2.07

6.Economic analysis ofweed control treatments on direct sown rice

Table.
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