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ABSTRACT

Field experiment was conducted to manage the weeds by pre and post-emergence herbicide
combinations in transplanted rice during February-May 2020 at the Experimental Farm, Department of
Agronomy, Annamalai University, Tamil Nadu, India. Treatments comprised of pre-emergence
herbicides (butachlor, pretilachor, and pyrazosulfuron ethyl) and post-emergence herbicides (bispyribac
sodium, metsulfuron methyl + chlorimuron ethyl, fenoxaprop-p-ethyl, and triafamone + ethoxysulfuron),
hand weeding twice (20 and 40 DAT), and an unweeded control plot. Among the weed management
practices, hand weeding twice at 20 and 40 days after transplanting (DAT) notably reduced the weed
counts and increased crop resistance, higher growth and yield attributes, and grain yields. It was
statistically on par with the application of pyrazosulfuron ethyl 20 g ha' PE at 3 DAT, followed by
bispyribac sodium 25 g ha™ PoE at 20 DAT. Best, it was superior to hand weeding twice in terms of net
income ([148,997) and BCR (2.06). The results suggested that the application of pyrazosulfuron ethyl 20
g ha' PE at 3 DAT, followed by bispyribac sodium 25 g ha” PoE at 20 DAT, was the best broad-
spectrum effective herbicide in order to manage the diverse weed flora in transplanted rice.
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Introduction

Rice occupies a pivotal place in Indian Agriculture as it
is a staple food for more than 68 per cent of the population
and a source of livelihood for about 120-150 million rural
households. Approximately half of the world's population
consumes rice, with the majority living in underdeveloped
countries. For 40 per cent of the world's population, rice is
the primary source of calories. Rice is grown on 162.06
million hectares worldwide, with a production of 500 million
tonnes and a productivity of 3.1 t ha” (Anonymous, 2019).
Rice is grown on 43.86 million hectares in India, with a
production of 104.80 million tonnes and a productivity of
2.4 tha (Anonymous, 2019). Rice is grown on 1.85 million
hectares in Tamil Nadu, with a production of 6.95 million
tonnes and a productivity of 3.7 tonnes ha" (Ministry of
Agriculture, 2019).

Rice yields in India are low due to a variety of issues,
one of which is weeds, which are the primary enemy. Weeds
impair photosynthetic efficiency, dry matter production, and

distribution to economically valuable regions of the plant,
reducing the crop's sink capacity and resulting in poor grain
yield. According to reports, the drop in rice grain yield
ranges from 28 to 45 percent, depending on the type of weed
species in the standing crop (Naik et al., 2019).

There are various weed management strategies
available to decrease yield losses due to weeds, including
mechanical, cultural, chemical, and biological treatments.
Traditional hand weeding is the most effective and
extensively used weed management method in Tamil Nadu.
However, due to high rates, it is physically demanding,
labour intensive, time-consuming, and pricey, limiting the
cultivation's revenues. In light of these constraints, the
employment of the best method for resolving multiple weed
problems in rice fields in a timely and cost-effective manner
has gained a significant advantage over traditional methods.
Pre-emergence herbicide application alone is insufficient to
provide effective weed control and keep the weed-free
condition up to the threshold level. In these circumstances,
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the only realistic alternative for weed management in
transplanted rice is to use a pre-emergence herbicide
followed by a post-emergence herbicide. Continuous use of
the same herbicides (or herbicides with the same mode of
action) may nevertheless result in weed resistance. In light
of these considerations, a study titled “Weed management by
pre and post emergence herbicide combinations and its
influence in transplanted rice" was conducted.

Materials and Methods

Field experiment was conducted at the Experimental
farm, Department of Agronomy, Annamalai University,
Cuddalore district, Tamil Nadu during (February — May)
2020. The experimental farm is geographically located at 11
% 24’ North latitude and 79° 44> East longitude and at an
altitude of +5.79 m above mean sea level. The soil of the
experimental field is clay loam in texture. The nutrient status
of the soil was low in available nitrogen, medium in
available phosphorus and high in available potassium. The
experiment was laid out in randomized block design with
three replications and fourteen treatments. The treatment
details are viz. Butachlor 1.25 kg ha' PE at 3 DAT fb
bispyribac sodium 25 g ha™ PoE at 20 DAT (T,), Butachlor
125 kg ha' PE at 3 DAT fb metsulfuron methyl +
chlorimuron ethyl 4 g ha” PoE at 20 DAT (T,), Butachlor
1.25 kg ha™ PE at 3 DAT fb fenoxaprop-p-ethyl 60 g ha’
PoE at 20 DAT (Tj3), Butachlor 1.25 kg ha' PE at 3 DAT fb
triafamone + ethoxysulfuron 60 g ha” PoE at 20 DAT (Ty),
Pretilachor 500 g ha” PE at 3 DAT fb bispyribac sodium 25
g ha” PoE at 20 DAT (Ts), Pretilachor 500 g ha™ PE at 3
DAT fb metsulfuron methyl + chlorimuron ethyl 4 g ha’
PoE at 20 DAT (Tg), Pretilachor 500 g ha' PE at 3 DAT fb
fenoxaprop-p-ethyl 60 g ha' PoE at 20 DAT (T,),
Pretilachor 500 g ha' PE at 3 DAT fb triafamone +
ethoxysulfuron 60 g ha' PoE at 20 DAT (Ty),
Pyrazosulfuron ethyl 20 g ha” PE at 3 DAT fb bispyribac
sodium 25 g ha” PoE at 20 DAT (Ts), Pyrazosulfuron ethyl
20 g ha” PE at 3 DAT fb metsulfuron methyl + chlorimuron
ethyl 4 g ha” PoE at 20 DAT (T,,), Pyrazosulfuron ethyl 20
g ha' PE at 3 DAT fb fenoxaprop-p-ethyl 60 g ha™ PoE at 20
DAT (Ty;), Pyrazosulfuron ethyl 20 g ha™ PE at 3 DAT fb
triafamone + ethoxysulfuron 60 g ha™ PoE at 20 DAT (T)»),
Hand weeding twice (20 and 40 DAT) (T,3) and Unweeded
control plot (Ty4). As per the treatment schedule required
quantity of pre and post emergence herbicides were sprayed
with knapsack sprayer fitted with a flat fan nozzle using 500
liters of water ha™'. Pre emergence herbicides viz., butachlor,
pretilachor and pyrazosulfuron ethyl were sprayed on 3 DAT
and post emergence herbicides viz., bispyribac sodium,
metsulfuron methyl + chlorimuron ethyl, fenoxaprop-p-ethyl
and triafamone + ethoxysulfuron were sprayed on 20 DAT.
Need based plant protection measures were taken up based
on the economic threshold level of pest and disease. Twenty-
one days old rice seedlings were transplanted with three
seedlings hill" and adopt a spacing of 15 x 10 cm. The rice
variety ‘ASD-16" was chosen for the study. The fertilizers
were applied to the experimental field as per recommended
manurial schedule of 120 Kg N, 40 Kg P,Os and 40 Kg K,O
ha'. The entire dose of P,Os, half dose of N and K,O was
applied as basal. Remaining half dose of N and K,0 was top

dressed with equal splits at maximum tillering and panicle
primordial initiation stages.

Total weed count

A quadrat of size 0.25 m” was placed in the sampling
area of each plot and the weeds falling within the frames of
quadrat were counted, recorded and the mean values were
expressed in number m™. The density of grasses, sedges,
broad leaved weeds and the total weed counts (grasses +
sedges + broad leaved weeds) were recorded at 60 DAT.

Crop resistance index (CRI)

Crop resistance index at was calculated using the
formula suggested by Rana and Kumar (2014).

CRI = Crop dry weight in treated plot

Crop dry weight in control plot

y Weed dry weight in control plot <100

Weed dry weight treated plot
Herbicide efficiency index (HEI)

Herbicide efficiency index (HEI) was calculated using
the formula suggested by Das, 2013.

M =Ye) 49

Y.
HE[= ——T
%XIOO

WDM_.
where,
Y is crop yield from the treated plot
Y is crop yield from unweeded control plot
WDMris weed dry matter weight in the treated plot
and WDM¢ is weed dry matter in the unweeded control plot

Biometric observations on plant

Five plants in each plot were selected at random in
border rows and tagged. These plants were used for
recording all biometric observations at different stages of
crop growth. Harvesting was done in each plot separately
from the net plot area, leaving the border rows. Grains were
separated, dried, and cleaned, and grain yield was recorded
plot-wise at 12 per cent moisture content. The grain and
straw yields were computed in kg/ha. The data on various
characters studied during the course of the investigation
were statistically analyzed as suggested by Gomez and
Gomez (1984). The data on weed count were subjected to
square root transformation. Treatment differences, which
were not significant, were denoted by NS (not significant).

Result and Discussions
Weed flora in the experimental field

The weed flora in the experimental plots encompassed
weed species namely, Echinochloa colonanum, Echinochloa
crus-galli, Leptochloa chinensis, Cyperus difformis, Cyperus
iria, Cyperus rotundus, Bergia capensis, Eclipta alba,
Phyllanthus madraspatensis, Sphenoclea zeylanica and
Marsilea quadrifolia were occurring in more number and
contributed largely for total weed population. This finding is
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supported by the earlier reports of Kathiresan et al. (2019)
and Kavitha er al. (2019).

Total weed count (no. m'z)

The data recorded at 30 and 60 DAT regarding the total
weed count are presented in Table 1. All the weed
management practices significantly influenced the total
weed count. Hand weeding twice (20 and 40 DAT) (Ti3)
significantly recorded the least total weed count of 11.94 m™
at 60 DAT. Lower weed count probably due to hand
weeding, which removed the weeds completely at the early
crop stage and resulted in a lower count of weeds. The
results of the study also corroborate with the findings of
Mondal er al. (2019). However, it was on par with
pyrazosulfuron ethyl 20 g ha PE 3 at ™ fb bispyribac
sodium 25 g ha' PoE at 20 DAT (T,) and pyrazosulfuron
ethyl 20 g ha™ PE at 3 DAT fb triafamone + ethoxysulfuron
60 g ha™ PoE at 20 DAT (T,). Early control of weeds is by
the inherent ability of the pyrazosulfuron-ethyl herbicide,
which inhibits cell division in shoots and roots and growth
by inhibiting plant enzyme acetolacto synthase, thereby
blocking the branched chain of amino acid biosynthesis;
hence, the plant suffers, and phloem transport of the plant is
hampered. Besides, a secondary effect is stunted growth on
account of cessation of cell division and slow plant death
(Kabdal et al., 2018). Further, the late-emerging weeds were
effectively controlled by post-emergence application of
bispyribac-sodium 25 g a.i. ha' due to the inhibiting
character of the plant enzyme acetolacto synthase (ALS),
which was involved in biosynthesis of the branched-chain
amino acids. Without these amino acids, protein synthesis
and growth are inhibited, ultimately causing plant death. The
results of the current study are also in agreement with earlier
findings of better weed suppression with proper use of both
pre and post-emergence herbicides in transplanted rice
(Saravanane, 2020).

The unweeded control plot (T}4) registered higher total
weed count of 133.86 m™ at 60 DAT. This might be due to
continuous growth of weeds throughout the period of crop
cultivation which increased the population of the weeds and
this is in accordance with the findings of Bhagavathi er al.,
(2020).

Crop Resistance Index (CRI)

The data on crop resistance index was ascertained and
tabulated in Table 1. Hand weeding twice (20 and 40 DAT)
registered a higher crop resistance index of 21.08 per cent.
Among the herbicidal treatments, pre-emergence application
of pyrazosulfuron ethyl 20 g ha"' PE at 3 DAT fb bispyribac
sodium 25 g ha” PoE at 20 DAT (Ty) registered a higher
crop resistance index of 10.00 per cent and it was followed
by pyrazosulfuron ethyl 20 g ha” PE at 3 DAT fb triafamone
+ ethoxysulfuron 60 g ha' PoE at 20 DAT (T12) (9.59 per
cent). Effective control of weeds in the aforesaid treatments
could be assigned to the reason for the superior crop
resistance index. These results are in close conformity with
those of Menon et al. (2016). Unweeded control recorded
the lowest value of CRI (1.0), indicating highest harmful
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effect on crop. Similar results have been reported by Rana et
al., (2019).

Herbicide efficiency index

The data on herbicide efficiency index are furnished in
Table 1. Among the treatments, the maximum herbicide
efficiency index of 3.32 per cent was observed under the
pyrazosulfuron ethyl 20 g ha' PE at 3 DAT fb bispyribac
sodium 25 g ha PoE at 20 DAT (Ts). This was followed by
pyrazosulfuron ethyl 20 g ha PE at 3 DAT fb triafamone +
ethoxysulfuron 60 g ha” PoE at 20 DAT (T,). A higher
herbicide efficiency index value indicated the superiority of
the treatment in a higher magnitude of weed suppression.
These results corroborate the findings of Sarita et al., (2021).
The lower herbicide efficiency index of 0.62 per cent was
registered under butachlor 1.25 kg ha' PE at 3 DAT fb
metsulfuron methyl + chlorimuron ethyl 4 g ha™ PoE at 20
DAT (T,).

Effects on yield attributes and yield of rice

Yield attributes like the number of productive tillers m’
2 (340.00) and the number of filled grains panicle (90.00)
were found higher under hand weeding twice at 20 and 40
DAT, which was comparable with pyrazosulfuron ethyl 20 g
ha' PE at 3 DAT fb bispyribac sodium 25 g ha” PoE at 20
DAT (To) and pyrazosulfuron ethyl 20 g ha™ PE at 3 DAT fb
triafamone + ethoxysulfuron 60 g ha” PoE at 20 DAT (T},)
(Table 2). These better results of pyrazosulfuron ethyl, along
with bispyribac sodium, may be because of its capacity to
improve crop growth by suppressing all types of weeds, as a
result of which the crop rice received minimum competition
from weeds and utilize the resources maximally. Similar
kind of results by Mondal et al. (2017).

Hand weeding (5963 kg ha') treatment recorded
maximum grain and straw yield of rice. Superiority of two
hand weedings might be ascribed to absence of weed
competition due to complete removal of weeds from field
and hence better crop growth and yield attributes, which
directly reflected on high grain and straw yield. However, it
was comparable with pyrazosulfuron ethyl 20 g ha™ PE at 3
DAT fb bispyribac sodium 25 g ha™ PoE at 20 DAT (Ts) and
pyrazosulfuron ethyl 20 g ha™ PE at 3 DAT fb triafamone +
ethoxysulfuron 60 g ha' PoE at 20 DAT (T12). This could be
possibly due to reduction in weed growth with the herbicide
application which allowed the crop to get adequate nutrient
supply resulting in higher LAI and thus more production and
assimilation of photosynthates contributing to higher grain
and straw yields. Similar results have been reported by
(Dharumarajan et al. 2009 and Mondal et al. 2017).

Economics

Among the weed management treatments higher
benefit cost ratio of 2.06 was observed with the application
of pyrazosulfuron ethyl 20 g ha" PE at 3 DAT fb bispyribac
sodium 25 g ha' at 20 DAT (Ty). When compared to manual
weeding and other herbicidal treatments, this treatment had a
greater benefit cost ratio due to higher grain output and a
reduced variable cost of cultivation (Hossain and Malik,
2017). Though manual weeding twice outperformed
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herbicidal treatments in terms of grain output, the rising cost
of labour makes this treatment more expensive, and the
benefit cost ratio is much lower (1.83).

sodium 25 g ha” at 20 DAT can profitability and safely be
used to replace the tedious, back breaking, time consuming
and expensive hand weeding practice for weed management

Conclusion in transplanted rice.

From the above study, it may be concluded that
pyrazosulfuron ethyl 20 g ha' PE at 3 DAT fb bispyribac

Table 1 : Effect of weed management treatments on total weed count (no.m™), crop resistance index and herbicide efficiency

index of transplanted rice

Total weed
Treatments count CRI HEL
(no. m'z)
-1 . . . >1
T,- Butachlor 1.25 kg ha  PE at 3 DAT fb bispyribac sodium 25 g ha  PoE at 20 6.00 (3549) | 66.38 907
DAT
T
T, - Butachlor 1.25 kg ha  PE at 3 DAT fb metsulfuron methyl + chlorimuron ethyl
4 7.42 (54.57) | 48.31 81.11
4 gha PoE at 20 DAT
T -1
T, - Butachlor 1.25 kg ha  PE at 3 DAT fb fenoxaprop- p-ethyl 60 g ha PoE at 20 7.44 (54.86) | 48.03 80.00
DAT
T R -1
T,- Butachlor 1.25 kg ha  PE at 3 DAT fb triafamone + ethoxysulfuron 60 g ha 6.10 36.71) | 65.23 8993
PoE at 20 DAT
. >1 . . . -1
T, - Pretilachlor 500 g ha PE at 3 DAT fb bispyribac sodium 25 g ha PoE at 20 5.0 (26.55) | 74.85 96.92
DAT
T
T, - Pretilachlor 500 g ha PE at 3 DAT fb metsulfuron methyl + chlorimuron ethyl
B 7.30 (52.81) | 49.97 84.00
4 gha PoE at 20 DAT
. -1 T
T.- Pretilachlor 500 g ha PE at 3 DAT fb fenoxaprop-p-ethyl 60 g ha PoE at 20 736 (53.73) | 49.11 8231
DAT
B T : T
T,- Pretilachlor 500 g ha PE at 3 DAT fb triafamone + ethoxysulfuron 60 g ha PoE 533(27.96) | 73.52 96.57
at 20 DAT
>1 . . . -1
T,- Pyrazosulfuron ethyl 20 g ha PE at 3 DAT fb bispyribac sodium 25 gha PoE 440 (18.89) | 82.11 103.9
at 20 DAT
T
T -P Iff thyl 20 gha PE at 3 DAT fb metsulf thyl +
1o — Pyrazosulfuron ethy 71g a a metsulfuron methy 6.28 (3891) | 63.15 29 67
chlorimuron ethyl 4 gha PoE at 20 DAT
1 -1
T,,- Pyrazosulfuron ethyl 20 g ha PE at 3 DAT fb fenoxaprop-p-ethyl 60 g ha PoE 6.46 (4124) | 60.93 8833
at 20 DAT
T
T ,- Pyrazosulfuron ethyl 20 g ha PE at 3 DAT fb triafamone + ethoxysulfuron 60
3 4.48 (19.57) | 81.46 103.4
gha PoE at 20 DAT
T,.- Hand weeding twice (20 and 40 DAT) 3.09 (9.08) 91.40 105.68
10.30
T,,- Unweeded control (105.57) - 72.37
S.Ed 0.29 2.35
C.D (p=0.05) 0.60 4.81

Figures in parentheses are original values and those outside are square root transformed x+0.5 values. Transformed values

were statistically analysed; PE : Pre emergence; PoE : Post emergence; fb : followed by; DAT : Days after transplanting
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Table 2 : Effect of weed management practices on yield attributes, yield and economics of transplanted rice
No. of .
No. Oi: filled Grain | Straw Benefit
productive . . . cost
Treatments . grains yield | yield .
tillers P ratio
panicle
T
T - Butachlor 1.25 kg ha PE at 3 DAT fb bispyrib dium 25
- ouachion Lo kg fa R 1SpYTIbAC SOCIUM 228 | 9g4.02 7513 | 4455 | 6382 | 1.57
ha PoE at 20 DAT
T
T, - Butachlor 1.25 kg ha PE at 3 DAT fb metsulfi thyl +
p 7 Putacion 12> &g ha tha fetstiuTon methy 254.00 67.16 | 3507 | 5574 | 1.30
chlorimuron ethyl 4 g ha PoE at 20 DAT
B
T, - Butachlor 1.25 kg ha PE at 3 DAT fb fi - p-ethyl 60
37 puadior Lao kg fla TR CROXAPTOp- pethy 253.06 67.00 | 3528 | 5563 | 128
gha PoE at 20 DAT
T,- Butachlor 1.25 kg hail PE at 3 DAT fb triafamone +
1 283.97 75.00 4398 | 6230 1.54
ethoxysulfuron 60 g ha PoE at 20 DAT
. -1 . . .
T, - Prtfllachlor 500 g ha PE at 3 DAT fb bispyribac sodium 25 g 310,36 8191 5306 | 6895 187
ha PoE at 20 DAT
T
T, - Pretilachlor 500 g ha PE at 3 DAT fb metsulfuron methyl +
6 B 257.43 70.33 3780 | 5591 1.41
chlorimuron ethyl 4 g ha PoE at 20 DAT
T
T.- Pretilachlor 500 g ha PE at 3 DAT fb fi -p-ethyl 60
g rretiacior ST g ha B a CHOXAPIOPTPetVIOVE | 956,14 68.30 | 3651 | 5585 | 1.34
ha PoE at 20 DAT
T,- Pretilachlor 500 g hai1 PE at 3 DAT fb triafamone +
1 310.00 80.86 5254 | 6890 1.83
ethoxysulfuron 60 g ha PoE at 20 DAT
T
T,-P 15§ thyl 20 g ha PE at 3 DAT fb bispyrib
o T yrazostiiuton €y g a FEd 1SPYHbAC 337.45 8891 | 5847 | 7410 | 2.06
sodium 25 gha PoE at 20 DAT
T
T,, — Pyrazosulfuron ethyl 20 g ha PE_lat 3 DAT fb metsulfuron 78373 74.89 4337 | 6180 163
methyl + chlorimuron ethyl 4 gha PoE at 20 DAT
T
T, - Pyrazosulfur(_)ln ethyl 20 gha PE at 3 DAT fb fenoxaprop-p- 782,58 7313 4300 | 6100 156
ethyl 60 g ha PoE at 20 DAT
T A
T,,- Pyrazosulfuron ethyl Zng ha PE at 3 DAT fb triafamone + 13631 28.10 5772 | 7395 503
ethoxysulfuron 60 g ha PoE at 20 DAT
T . Hand weeding twice (20 and 40 DAT) 340.00 90.00 5963 7466 1.83
T,,- Unweeded control 220.00 52.00 2378 | 5029 0.95
S.Ed 12.20 2.34 146 246 -
C.D (p=0.05) 25.00 4.79 300 505 -

PE : Pre emergence; PoE : Post emergence; fb : followed by; DAT : Days after transplanting
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