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1. INTRODUCTION

Rice is one of the most important staple foods for more than 3.5 billion people all
over the world (CGIAR, 2020), the majority of which are located in Asia. In South Asia,
rice was cultivated in 60 million hectares (m ha) and production was slightly above 242
million tonnes (mt) accounting for 37.9 and 34.5 per cent of global area and production
in 2018, respectively. In India, it is grown in an area of about 40.10 m ha with a total
production of 102.36 mt with a productivity of 2.55 t ha™* during 2020-21 (GOI, 2020).

Transplanting of rice seedlings after repeated puddling is the traditional and
conventional system of crop establishment, but it demands huge quantity of water. The
forbidding water scenario in agriculture demands crop establishment technologies that
inherently require less water and are more efficient in water use. Direct seeded rice (DSR)
cultivation has been introduced as an alternative to traditional transplanted rice in many
Asian countries. Coupled with water scarcity, increased crop production costs have led
to a widespread shift from transplanted to direct seeded rice production systems across
the globe. However, weed flora tends to be more diverse under direct seeded rice
cultivation and several flushes of weeds emerge during the crop growth period and cause
substantial yield loss due to severe weed competition. Weeds tend to be more problematic
in DSR as the emerging weeds are more competitive than the concurrently emerging
DSR seedlings and absence of water layer in wet and dry DSR makes these crops more
susceptible to early weed infestation (Rao et al., 2007).

Effective weed management measures are critical in the success of direct seeded
rice (Kumar and Ladha, 2011). Hand weeding, though effective, is fetching less attention
and more difficult owing to increased labour paucity, mounting wages and its dependence
on weather conditions. Furthermore, the morphological similarity of grass weeds to
cultivated rice makes hand weeding incomplete and ineffective. Escape or regeneration
of perennial weeds with many flushes also makes hand weeding imperfect and

impractical during adverse weather conditions (Singh, 2008).



Due to the long critical infestation timing of some weeds (5-8 weeks), repeated
hand weeding should be conducted in DSR to avoid economic yield loss, making this
practice uneconomical (Ahmed and Chauhan, 2014). Herbicides are more labor efficient
than hand/manual or mechanical weed management methods and provide excellent weed
control (Chauhan et al., 2014) and ensure a high B: C ratio (Bahar and Singh, 2004).

In rice ecosystems, extensive introduction of direct seeding and repetitive
herbicide use are the key factors accountable for the shift in weed species populations
(Chauhan and Johnson, 2008). One such example resulted from the adoption of these
practices is the dominance of the weed Leptochloa chinensis, also known as ‘Chinese
sprangletop’. It was earlier confined to the alkaline soils of Chittoor taluk as a weed
specific to alkaline conditions. Of late, L. chinensis has emerged as one of the
problematic weeds in rice due to the shift in weed flora in the paddy fields of Kerala
(Jacob, 2014). The continuous use of bispyribac sodium for broad spectrum weed control
by the rice farmers of Kerala has aggravated the situation and severe infestation of this
weed has been reported from the major rice growing tracts of Kerala, viz., Kuttanad, Kole
and Palakkad.

Being identified as a major grass weed in the majority of rice growing areas of
the state, formulating an effective and economically viable management strategy for
L. chinensis is highly essential before its infestation reaches alarming proportion.
Farmers prefer broad spectrum weed management technologies to save on crop expenses.
The use of compatible mixtures of novel herbicides is one option to broaden the spectrum
of weed control and to prevent further build-up of herbicide resistance. Moreover, an
understanding of the germination ecology, emergence dynamics and growth
requirements of weeds is highly essential both for managing the infestation dynamics of
different weed species and for formulating effective management strategies. One major
constraint in the development of long-term management strategies in crop ecosystems is

the insufficient understanding of the reasons for weed species infestation and dominance.



Knowledge of weed biology and ecology is highly essential and serves as a guide
for the adoption of appropriate management techniques. Determining specific
management tactics for certain species can be derived from knowledge of their seed
biology and their floristic associations (Bhowmik, 1997). Effective control of weeds
could be attained with a better understanding of the factors that impede or encourage

weed seed germination (Chauhan, 2012).

The availability of effective herbicides for weed control is important to the
success of direct seeding in rice and herbicides with both foliar and soil activity have
better weed control efficiency as they can effectively check the subsequent establishment
by reducing weed seed bank. Though herbicides are effective and economical in
controlling weeds in DSR, repeated and non-judicious use of the same herbicides or
herbicides with a similar mode of action ensues a gradual or rapid inter and intraspecific
shift in the weed flora of rice ecosystems. Testing comparative efficiency of tank mix
application of herbicides is essential for standardizing the effective dose for herbicide
combinations. Though information on the mode of action of individual herbicides is
available, the mode of action of herbicide combinations for effective weed management
is not yet explored fully. Testing the efficacy of these herbicides and herbicide
combinations in wet seeded rice (WSR) with special reference to L. chinensis is essential
for formulating a cost-effective integrated weed management strategy. In this context,
the present study was undertaken with the following objectives:

1. To study the habitat features and distribution of L. chinensis in major rice tracts
of Kerala.

2. To study the germination ecology of L. chinensis under varying conditions

3. To study the bio-efficacy and mode of action of tank mix combinations of novel
herbicides for the management of L. chinensis

4. To study the sensitivity of L. chinensis to herbicide combinations
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2. REVIEW OF LITERATURE

Among the biotic constrains in rice production, weeds create a greater threat
especially in direct seeded rice (DSR). Weed flora in DSR is more diverse and several
flushes of weeds get emerged during the crop growth period causing severe crop weed
competition leading to substantial yield loss. The availability of effective herbicides for
weed control is the key for success of DSR. Herbicidal weed management can be made
more effective with suitable combinations, and could be helpful in reducing the build-up
of resistance and weed shift. Continuous use of bispyribac sodium for broad spectrum
weed control in rice and use of cyhalofop butyl for the control of barnyard grass has led
to the dominance of Leptochloa chinensis in the paddy fields of Kerala. This calls for the
development of an effective weed management strategy for L. chinensis in wet seeded
rice (WSR).

This chapter provides a brief overview of biology and germination ecology of
L. chinensis, crop weed competition with a focus on L. chinensis, weed management

options and their impact on yield attributes and yield in WSR.
2.1 BIOLOGY AND ECOLOGY OF Leptochloa chinensis
2.1.1 Classification

Leptochloa chinensis (L.) Nees is a grass under the family Poaceae, class
monocotyledonae, subphylum angiospermae, phylum spermatophyta and order

cyperales.
2.1.2 Variability in Leptochloa sp.

The genus Leptochloa, belonging to the Poaceae family comprises of 45 species
extensively seen in tropical and subtropical regions (MacFarlane, 1987). Morphological
and physiological adaptations permit some species of Leptochloa to behave as halophytic

and xerophytic species (L. dubia), whereas others (L. filiformis, L. fascicularis and



L. chinensis) are found in wetland or flooded environments (Manidool, 1992). These
habitat requirements along with noticeable competitiveness, make L. chinensis,
L. fascicularis and L. filiformis as typical rice (Oryza sativa L.) weeds globally (Fisher
etal., 1993).

2.1.3 Origin, spread and distribution

Leptochloa chinensis is a native of tropical Asia and widely distributed in the
Pacific basin (Hafliger and Scholz, 1981), South Asia, East Asia, South East Asia, Africa,
and Australia (Chauhan and Johnson, 2008), North America, Fiji, Samoa and Papua New
Guinea (IRRI, 2020a).

Leptochloa chinensis generally known as ‘Chinese sprangletop’ or ‘Red
sprangletop’ or ‘Asian spangletop’ is one of the most problematic grass weeds in DSR
fields (Chin 2001). It also invades sugarcane (Saccharum officinarum L.), cotton
(Gossypium hirsutum L.), corn (Zea mays L.), soybean (Glycine max), sweet potato
(Ipomoea batatas L.), peanut (Arachis hypogaea L.), banana (Musa sp.), pineapple

(Ananas comosus L.), tea (Camellia sinensis L.) and other crops (CABI, 2019).

Leptochloa chinensis is listed as a ‘Federal Noxious Weed’ in the USA
(Westbrooks, 1989). L. chinensis has been documented to occur in dry seeded rice in 16
countries and in WSR in seven more countries (Rao et al., 2007). Despite being a
relatively new entrant, L. chinensis has established itself as a troublesome weed in the
major rice growing areas of Kerala (Jacob, 2014).

When the seeds of L. chinensis are occasionally co-harvested in crops, the
infestation can occur and its small sized seeds can be removed by thorough cleaning and
the spread was aided by the use of contaminated rice stocks (Holm et al., 1977). Seeds,
seed heads, and stolons of L. chinensis are likely to be found as contaminants of rice and
row crop seeds (Westbrooks, 1989). According to Benvenuti et al. (2004), L. chinensis

was introduced into rice farms in northern Italy via contaminated rice seeds.



2.1.4 Habit and Habitat

Leptochloa chinensis is an aquatic or semiaquatic strongly tufted, annual or short
lived perennial grass in croplands, wetlands, waterways, swamps, or streams in open
lowland regions of the tropics and is adaptive to heavy or light soil conditions. It can also
grow in upland and lowland rice fields. In Java (Indonesia), it grows from sea level to
900 m in altitude (Holm et al., 1977).

As L. chinensis can thrive in both flooded and upland habitats, it is a prevalent
weed in rice and other crops (Galinato et al., 1999). Although it is an annual plant, it can
become perennial in the appropriate growing conditions (Chauhan and Johnson, 2008).
As a C4 grass, proliferation of this weed is likely under conditions of increased levels of

atmospheric CO2 due to climate change.
2.1.5 Morphology of L. chinensis

Leptochloa chinensis is a slender, strongly tufted C4 grass species that grows to a
height upto 1.2 m with smooth glabrous linear leaves with terminal loose panicle and a

fibrous root system (Soerjani et al., 1987).

Leptochloa chinensis has erect or ascending flowering culms that grow from a
branching base. They have 3-6 nodes with smooth, grooved, and striate glabrous
internodes that are hollow. The leaf sheaths are keeled, glabrous, smooth, not ciliate,
distinctly nerved, and usually longer than the associated internodes. They are erose and
deeply split into hair-like pieces (CABI, 2019).

2.1.6 Characters of L. chinensis

Leptochloa chinensis is normally propagated by seeds, although it can be
vegetatively reproduced by dividing culm clumps or rootstocks after cultivation or
ploughing. Each inflorescence has the ability to produce hundreds of seeds and an

individual plant may have numerous inflorescences (Holm et al., 1977).



Leptochloa chinensis has a propensity to be invasive, which has been associated
with its prolific seed production (Manidool, 1992; Chin, 2001). Kathiresan (2004) also

reported L. chinensis as an invasive alien weed in rice.
2.1.7 Germination, Dormancy and Longevity

Studies conducted in South West Japan revealed that the germination of
L. chinensis seeds were light sensitive and germinated under moist conditions in light at
30-40°C (Matsuo et al., 1987). Germination of L. chinensis was phytochrome dependent
and was strongly influenced by warm fluctuating temperatures with minimum
germination at 15°C and optimum germination at 25-35°C (Benvenuti et al., 2004).
Temperature fluctuation caused an increase of seed germination in the dark (Benvenuti
etal., 2004).

A small period of dry conditions resulted in higher germination and emergence
of L. chinensis (Chin, 2001). An unusual germination was observed with seed burial and
concomitant flooding and seed burial suppressed the germination and emergence of
L. chinensis. Only five per cent of seedlings emerged under flooded conditions at 5 cm
burial depth, while at the same depth, no seedling emergence was observed without
flooding (Benvenuti et al., 2004). Seed burial depth in soil sturdily influenced emergence
of L. chinensis and maximum emergence (80%) was observed from seeds placed on the
soil surface whereas, no seedlings emerged from seeds buried at depths of greater than
0.5 cm (Chauhan and Johnson, 2008). Flooding had a suppressive effect on the
emergence of L. chinensis (Chauhan and Johnson, 2008) and seeds does not germinate

when submerged in water (IRRI, 2020a).

Matsuo and Kataoka (1983) stated that the breaking of L. chinensis seed
dormancy fluctuated with storage conditions. Compared to upland conditions in summer,
seeds exhibited greater longevity under flooded conditions especially in May-September
(Matsuo et al., 1987).



2.1.8 Uses

Leptochloa chinensis is used as feed for animals. It is an excellent pasture grass
with tender panicles much relished by livestock (Maideen, 1889). The grain is used as
famine food in East Africa (IRRI, 2020a).

2.1.9 Importance

In the Philippines, L. chinensis has been documented as an alternate host of sheath
blight, blast and Udbatta diseases, which are caused by Rhizoctonia solani Kuhn,
Pyricularia oryzae Cavara and Ephelis oryzae Sydow, respectively (Mackill and
Bonman, 1986). L. chinensis has a potential role in the dispersal of leaf hoppers such as
Nephotettix virescens, N. nigropictus, N. malayanus, and Recilia dorsalis, which
transmits rice viruses such as rice tungro spherical virus (RTSV) and rice tungro
bacilliform badna virus (RTBV) (Khan et al., 1996).

Leptochloa chinensis is an alternate host of several insects and nematodes
(Barrion and Litsinger, 1987) and includes Nephotettix spp., Cnaphalocrocis medinalis
(Guenee), Scotinophara latiscula (Heinrich et al., 2017), Creatonotus gangis Linnaeus,
Cicadulina bipunctata (Melichar), Marasmia spp., Peregrinus maidis (Ashmead),
Spodoptera mauritia acronyctoides (Guenee), Pseudococcus saccharicola Takahashi

and nematodes such as Meloidogyne sp. and Hirschmanniella sp. (IRRI, 2020a)
2.2 DIRECT SEEDED RICE/ WET SEEDED RICE

The forbidding water scenario in agriculture necessitates crop establishment
technologies that inherently consume less water and are more water efficient.
Transplanting of rice seedlings after repeated puddling is the traditional and conventional
system of rice cultivation in many Asian countries, which involves extensive amount of
water. Direct seeding of rice, a water wise technology is gaining more popularity owing
to its low input demand and now is the only viable option to enhance water productivity

in rice production (Kaur and Singh, 2017).



Direct seeded rice cultivation has been introduced as an alternative to traditional
transplanting in many Asian countries. The rice production system in many Asian
countries has shifted from transplanted rice to DSR (Benvenuti et al., 2004; Kumar and
Ladha, 2011).

Direct seeding is a more cost-effective and labor-saving alternative to
transplanting and involves the practice of either wet seeding or dry seeding.
Awan et al. (2006) reported that DSR yielded nearly as much as transplanted crop. In
wet seeding, pre-germinated seeds are sown either on wet soil using drum seeder or by
broadcasting and in dry seeding, dry seeds are broadcasted or place in rows using seed
drill either on zero tilled or tilled soil (Rao et al., 2007; Rao and Nagamani, 2013).

Direct seeding has several advantages, including reduced labour and drudgery,
more efficient water use and higher tolerance to water deficit (Bhushan et al., 2007),
lower methane emissions (Farooq et al., 2011), higher profit in areas with assured water
supply (Rao and Ladha, 2013) and earlier crop maturity (matures 7 to 10 days earlier
than transplanted rice) due to absence of transplanting shock (Rana et al., 2014).

Despite the fact that DSR has various advantages and could be a viable alternative
to traditional transplanting, poor germination, inconsistent crop stand and significant

weed infestation are the major constrains in DSR (Farooq et al., 2011).

Weed competition is greater in WSR than transplanted rice due to similarities in
morphological characters of grass weeds and rice seedlings and growth (Moody, 1983),
lack of water to inhibit weeds at seedling emergence and the presence of difficult-to-
control competitive weeds (Choubey et al., 2001). As the crop and weeds emerge
simultaneously in DSR, the crop suffers competition even from early stages of growth
which in turn reduces the grain yield (Choubey et al., 2001). Weeds are the most
significant biotic constraint in DSR, as emerging weeds are more competitive than
simultaneously emerging DSR seedlings, and the lack of a water layer in both wet and

dry DSR makes these crops more susceptible to initial weed infestation (Rao et al., 2007).



Weeds emerge concurrently with rice in direct seeded fields and offers
competition for resources making it a major stumbling block for farmers practicing direct

seeding (Rao and Nagamani, 2007).
2.2.1 Weed spectrum in direct seeded rice

Weed flora related with an ecosystem be influenced by environmental characters,
cultivation practices followed and several biotic and abiotic factors. Among the flora,
grass weeds pose serious threat followed by (fb) sedges and dicot weeds causing
substantial yield reduction across the globe (Ali et al., 2018).

Prasuna and Rammohan (2015) reported that grass weeds were the predominant
weed flora in DSR (89.96% and 98.32% at 30 and 70 days after sowing (DAS),
respectively), fb broad leaf weeds (BLWSs) (8.75% and 1.26% at 30 and 70 DAS,
respectively) and sedges (1.29% and 0.42% at 30 and 70 DAS, respectively).

In DSR, Hussain et al. (2008) and Singh and Singh (2010a) observed
Cyperus difformis, Cyperus iria, Sphenoclea zeylanica, Echinochloa crus-galli,
Echinochloa colona, Fimbristylis miliacea and Eclipta alba as the dominant weed
species. According to Balasubramanian et al. (2010), E. colona and Panicum repens
under grass weeds, C. difformis and F. miliacea under sedges, E. alba,
Marsilea quadrifolia, Ammania baccifera and Ludwigia parviflora under BLWs were
the weeds of major concern in DSR. Weed flora in DSR fields of Tamil Nadu comprised
of Ischaemum rugosum, L. chinensis, Digitaria sanguinalis, Dactyloctenium aegyptium,
C. iria, F. miliacea and C. difformis (Muthukrishnan et al., 2010). E. crus-galli,
E. colona, Commelina benghalensis, Monochoria vaginalis and Ludwigia perennis were
the major weed species in DSR as noticed by Tiwari et al. (2010). Chauhan and Johnson
(2011a) reported that barnyard grass (E. crus-galli (L.) Beauv.), Chinese sprangletop
(L. chinensis L.), jungle rice (E. colona (L.) Link), and Southern crabgrass

(Digitaria ciliaris (Retz.) Koel.) were the most problematic grass species in DSR.



The weed flora in DSR, according to Mukherjee and Maity (2011), included grass
weeds like Cynodon dactylon and E. colona, sedges like Cyperus rotundus, C. iria and
F. miliacea and BLWs including L. parviflora, Ageratum conyzoides,
Spilanthes paniculata, E. alba and Enhydra fluctans. Ahmed et al. (2013) reported
L. chinensis L., Celosia argentea L., C. rotundus L., D. aegyptium (L.) Willd., D. ciliaris
(Retz.) Koel., E. colona (L.) Link., Eleusine indica (L.) Gaertn, Phyllanthus niruri L.,
and S. paniculata Wall. as the dominant weed species in the experiment field. Prasuna
and Rammohan (2015) noted that E. colona and E. crus-galli were the dominant weed
species fb L. chinensis, D. sanguinalis, Brachiaria deflexa, Chloris barbata,
D. aegyptium, C. rotundus, C. iria, Cleome viscosa, Aeschynomene indicia and E. alba
in DSR.

Studies conducted by Mahajan and Chauhan (2015) noticed the occurrence of
C. iria, C. rotundus, D. aegyptium, D. sanguinalis, L. chinensis, E. colona, E. indica,
Digera arvensis, Ludwigia octovalvis, Panicum brevifolium, Euphorbia spp., and
Eragrostis pilosa in the dry direct seeded plots. Raj and Syriac (2017) reported that
E. colona (L.), E. crus-galli (L.) P. Beauv., L. chinensis (L.) Nees, Oryza sativa (L.) f.
spontanea Roshev and I. rugosum Salisb were the grass weeds, C. iria L., C. difformis
L., and Schoenoplectus juncoides (Roxb.) Palla were the sedge species and
Eclipta prostrata (L.), S. zeylanica Gaertner and Ludwigia hyssopifolia (G. Don.) Excell
were the BLWSs species causing major yield losses in DSR. As per Singh et al. (2017),
C. difformis, C. rotundus, L. chinensis, Echinochloa glabrescens, E. alba, and
Ammania spp. dominated the weed flora in DSR. Kashyap et al. (2019) observed that
E. crus-galli, E. colona, L. chinensis, C. iria, C. difformis, A. baccifera and Alternanthera
sessilis were the dominant weeds in the dry DSR under irrigated ecosystem.

IRRI (2020b) documented five grass species (L. chinensis, E. colona,
E. crus-galli, 1. rugosum, Oryza sativa), 4 sedge species (F. miliacea, C. difformis,
C. iria, S. juncoides) and three BLWs (E. prostata, S. zeylanica, L. hyssopifolia) as most
problematic weeds in rice fields of Asia.



Reddy (2020) reported that L. chinensis, E. colona, I. rugosum were the major
grass weeds present in the experimental field whereas, S. zeylanica, L. parviflora,
Bergia capensis, Lindernia rotundifolia and M. vaginalis were seen as the major BLWs
and F. miliacea, C. difformis and C. iria were the major sedge species observed in the

crop field.
2.2.2 Weed spectrum in wet seeded rice

Joy et al. (1993) stated that the weed flora in WSR fields of Kerala comprised of
mainly grass weeds (37%), BLWSs (30%) and sedges (33%) at 55 DAS. Raghavendra et
al. (2015) reported that E. colona, E. crus-galli, F. miliacea, E. alba, A. baccifera,
L. parviflora, M. quadrifolia and M. vaginalis were the most common weed species in
direct WSR. According to Mohapatra et al. (2017), E. crus-galli, D. sanguinalis,
E. colona, L. chinensis, C. iria, C. difformis, F. miliacea, A. baccifera, E. prostrata,
L. parviflora, Lippa nodiflora, S. zeylanica and M. quadrifolia were the major weed flora
in WSR.

As reported by Umkhulzum et al. (2018), sedges were the dominant weed flora
in WSR including S. juncoides, F. miliacea, C. difformis, C. iria, Cyperus exaltataus,
Cyperus cyperoides fb grass weeds such as Isachne miliacea, D. sanguinalis and BLWs
such as Limnocharis flava, L. rotundifolia and L. perennis. Rathika and Ramesh (2019)
reported that E. crus-galli, E. colona, L. chinensis and P. repens were the major grass
weeds, E. alba, A. baccifera and L. parviflora were the BLWSs and C. difformis, C. iria,

and F. miliacea were the major sedges in direct WSR.
2.2.3 Critical period of crop-weed competition in rice

There is a critical moment during crop growth when the crop is extremely
vulnerable to weed competition. The presence of weed for an extended period of time

will result in a considerable drop in yield.



Critical period of crop-weed competition (CPWC) is the period in the course of
the crop growth when weeding results in highest economic returns. Weed flora, growth
characteristics of rice and weeds, cultural practices and environmental factors are the
elements that determine the time and duration of CPWC (Moody, 1977).

The depletion of nutrients by weeds and the subsequent suppression of plant
height in rice marks the starting of crop-weed competition (Ramamoorthy et al., 1974).
Competition offered by weeds for different growth factors at various stages of crop
induces severe stress on crops. Higher photosynthetic ability guaranteed by the C4 nature
makes the weeds more competitive compared to rice with C3 photosynthetic pathway
(Matsunaka, 1983; Kim and Moody, 1989).

According to Ladu and Singh (2006), DSR kept weed free during the first 30 days
yielded grain yields comparable to those obtained during the weed free period till harvest.
Effective weed control during the early phases of rice growth (0 to 40 DAS) may
contribute in improving DSR productivity (Maity and Mukherjee, 2008). As per Singh
et al. (2008), the critical time of weed competition is prolonged for direct seeded rice (15
to 45 DAS). According to Singh (2008), weed free conditions for the first 60 or 70 DAS

produced yields comparable to weed-free conditions until harvesting.
2.2.4 Critical period of rice-L. chinensis competition

For the first three weeks after sowing (WAS), competition between the rice plant
and the L. chinensis resulted in three per cent yield reduction, but when competition
occurred only for the first two weeks, the yield gained was comparable to the weed free
condition. In contrast, yield loss ranged from 17 to 19 per cent when plots were weed
free for only the first two to three weeks. Crops must be weed free for the first four WAS
in order to produce high yields. L. chinensis lowered the height and number of tillers on
rice plants and there was competition between L. chinensis and rice from the middle stage

of vegetative growth until grain-filling (Pane and Mansor, 1996).



The critical period for weed management of L. chinensis in direct seeded rice was

observed to be between two and four WAS of rice (Pane, 1998).
2.2.5 Effect of weed competition on growth parameters and yield loss in DSR

Weeds dominate the crop habitat and limit yield potential due to their adaptability
and rapid growth (Rao, 2011). Yield loss is influenced by a variety of factors, including
the related weed flora, degree of infestation, rice growing habitat, growth season, cultivar

used, cultural and management measures used (Abraham and Jose, 2014).

Under DSR, nearly 35 per cent loss in yield occurred globally due to severe weed
competition (Oerke and Dehne, 2004). Uncontrolled weeds reduced the grain yield by 96
per cent in dry DSR, 61 per cent in wet DSR (Maity and Mukherjee, 2008) and 50 to 90
per cent in DSR (Chauhan and Johnson, 2011b).

Uncontrolled weeds in direct WSR could lower yields by as much as 53 per cent
with losses as high as 90 per cent (Bhatt and Kukal, 2011). Weeds alone caused a yield
loss of roughly 111.81 thousand tonnes of rice per year in Tamil Nadu (Chinnusamy et
al., 2012). Studies conducted at Rice Research Station, Moncompu, revealed that season
long weed competition resulted in 69.71 and 67.40 per cent reduction in grain yield
during Kharif and Rabi season, respectively in WSR (Raj et al., 2013). In DSR, the loss
in rice grain yield caused by uncontrolled weed growth throughout the crop growth phase
is estimated to be 30 to 75 per cent (Kumar, 2015).

Singh et al. (2018) reported that the annual loss of rice grain yield in India was
estimated to be over 15 million tonnes due to high weed infestation. The unfavourable
environment caused by weeds throughout the crop cycle in the weedy check plots in dry
DSR resulted in shorter panicle length and lower thousand grain weight (Chaudhary et
al., 2018). According to Karthika et al. (2019), the yield drop in the unweeded check was
upto 67 per cent.



As the weeds emerge concurrently with rice and farmers are rarely able to use
standing water to inhibit weeds in the early stages of growth, the risks of crop yield loss
due to competition from weeds in DSR is greater than in transplanted rice (Chauhan and
Johnson, 2010). In India, weeds caused 45, 34 and 67 per cent yield reduction,
respectively in direct seeded low land rice, transplanted rice and upland rice
(Muthukrishnan et al., 2010). Weeds resulted in 15-35, 30-65 and 45-90 per cent yield
reduction respectively under DSR cultivation, transplanted rice and upland rice
cultivation (DRR, 2011). Weeds reduced vyields by 34 per cent in transplanted rice
(Oryza sativa L..), 50 per cent in DSR and 70 per cent in upland rice (Kevin et al., 2013).
Weeds competed with rice, culminating in yield losses of upto 76 per cent in WSR and
50-65 per cent in transplanted rice (Prakash et al., 2017). When compared to transplanted
rice, DSR is more susceptible to loss of grain yield owing to weeds, and has a negative

impact on not only grain yield but also crop quality (Arunbabu and Jena, 2018).

According to Manhas et al. (2012), unrestrained weed growth resulted in a 33 to
38 per cent loss in rice yield due to reduction in yield characteristics such as number of
panicles, grains per panicle and thousand grain weight. Weed competition in rice limited
the availability of nutrients to the crop, negatively affecting growth and yield
characteristics, leading to increased competition and ultimately reduced rice yield (Teja
et al., 2015). Weed growth caused 52.2 per cent reduction in grain yield in WSR, as
reported by Umkhulzum and Ameena (2019) and highlighted the importance of keeping

the field weed free at critical periods of crop growth.
2.2.6 Competitive ability of L. chinensis and yield loss in rice

At varying densities of L. chinensis in transplanted rice, yield decline of 14 to 44
per cent have been documented by Prusty et al. (1993). Increased densities of L. chinensis
from 0 to 30 plants per mdecreased rice production from 6.45 to 1.37 t ha* with direct-
sown rice, while 0 to 26 plants of L. chinensis decreased yields from 7.59 to 2.82 t ha!

with direct-sown rice.



Hand weeding (HW) had an economic threshold of 1.73 to 2.31 plants of
L. chinensis m? (SongHan et al., 1996). Nitrogen content was reduced by 0.03 to 0.13 g
per plant due to L. chinensis competition, resulting in a reduction of 4.0 to 21 kg N per
hectare (Pane and Mansor, 1996) and caused 41 per cent yield reduction in unweeded
rice (Pane, 1998).

Two, four, six and eight plants of L. chinensis accumulated 63, 89, 150 and 159
g of dry matter per pot, respectively, and rice yields were 43.8, 22.0, 21.0 and 13.8 g per
pot, respectively, compared to weed free control with 97.7 g per pot (Chin, 2001).
According to Zhang et al. (2001), five L. chinensis seeds m could reduce yield by 51.2
per cent in direct sown rice. According to Chauhan and Abugho (2013), the impact of
L. chinensis competition on rainfed rice under low water conditions was detrimental to
rice. Among the 28 weed species commonly found in DSR systems in China,
Wang et al. (2013) observed that short-lived perennial grass L. chinensis and the sedge
C. difformis were the two most prevalent weeds that inflicted considerable yield
reductions in DSR system. As reported by Jacob (2014), L. chinensis competed with rice
from the middle of the vegetative stage to grain filling and caused one third loss in yield
in plots with 40 L. chinensis plants m. According to Bergeron (2017), a density of two
to six L. chinensis m lowered rice yield by 14 to 44 per cent. Ho et al. (2021) stated that
competitiveness of L. chinensis could attributed to the fact that they are C4 plants, with
more efficient photosynthesis having increased biomass.

2.2.7 Nutrient removal by L. chinensis

Leptochloa chinensis removed 16.5 kg N, 3.5 kg P, and 25.8 kg K ha* under
unweeded conditions (Reddy, 2000). Studies conducted by Aulakh and Mehra (2008)
reported that L. chinensis removed 3.7, 3.0, and 2.3 kg N; 1.0, 0.9, and 0.6 kg P; and 5.3,
4.3, and 3.3 kg K hal, while the crop removed 132, 144, and 156 kg N; 33, 36, and 38
kg P; and 133, 144, and 153 kg K hal, respectively under crop plant densities of 22, 33,
and 44 hills m2. When compared to undisturbed field, frequent cultivation techniques



during the off season reduced L. chinensis count as well as nutrient removal (2 kg N, 0.6
kg P, and 2.9 kg K ha) and enhanced crop nutrient uptake (155 kg N, 38 kg P, and 150
kg K ha™h).

2.2.8 Scenario of weed shift in rice ecosystem

In many Asian countries, system of rice establishment has shifted from
conventional manual transplanting to direct seeding in response to rising production
costs, notably due to higher labour expenses and water constraint. Changes in crop
establishment, from transplanting to direct seeding resulted in significant variations in
weed flora composition (Singh et al., 2008).

Itoh et al. (1996) noted a steady shift from BLWSs and sedges dominated weed
flora to grasses and certain BLWSs with the introduction of DSR in the Muda, Seberang
Perak, PBLS, and Sungai Manik granaries. Azmi et al. (2005) stated that the main factors
responsible for the shift in weed species abundance in rice ecosystems were the
widespread introduction of direct seeding and the recurrent use of herbicides. Kumar and
Ladha (2011) opined that the adoption of direct seeding techniques might result in a
change in weed flora toward more difficult-to-control and competitive grasses and
sedges. Broad leaf weeds were initially prominent under DSR cultivation, but grass
weeds such as E. crus-galli (L.) P. Beauv, L. chinensis and I. rugosum Salisb. became
prevalent after a decade of DSR cultivation in Vietnam (Chin, 2001) and Malaysia
(Ziska et al., 2015).

A shift in dry DSR weed flora towards more aggressive competitive grasses and
sedges had been recorded in South East Asia. Annual grasses including E. crus-galli,
E. colona, and L. chinensis, perennial sedge C. rotundus, and BLW like
Commelina diffusa and Caesulia axillaris all flourished with direct seeding
(Singh et al., 2008).



Several studies have linked the shift in weed dominance in transplanted rice from
dicotyledonous and sedge species to competitive grass weeds in DSR due to the persistent
use of herbicides in weed control operations (Azmi and Baki, 1995; Ho, 1998). In China,
most broad leaf and sedge weeds were adequately managed after many years of usage of
the acetolactate synthase (ALS) herbicide bensulfuron methyl, but graminaceous weeds
like E. crus-galli (L.) Beauv. and L. chinensis were poorly controlled and became

dominant weeds in these cropping systems (Chen and Yang, 2011).
2.2.9 Scenario of weed shift to L. chinensis in rice ecosystem

Long-term use of bispyribac sodium to manage propanil-resistant E. crus-galli
has resulted in the domination of L. chinensis in Sri Lanka (Marambe, 2002). Conversely,
prolonged usage of Butachlor [chloracetanilide] and Molinate [thiocarbamate] in rice has
resulted in an increase in the population of L. chinensis in the Eastern Chinese provinces,
Jiangsu and Zhejiang (Zhang, 2003). Azmi et al. (2005) presented that L. chinensis was
not a common or dominating weed in Malaysian rice fields when rice was transplanted
instead of direct seeded, but it became so when switched to direct seeding. With change
in crop establishment methods, the population of L. chinensis increased significantly,
becoming far more dominant than Echinochloa spp. (Evelyn et al., 2005). In the
Philippines also, L. chinensis became more prevalent when the system was switched to
direct seeding, whereas, Echinochloa spp. was the most troublesome weed in rice fields
under transplanted conditions (Singh et al. 2008).

Rao et al. (2007) indicated that herbicide use has resulted in the evolution of
resistance to clefoxydim, fenoxaprop-p-ethyl, and quizalofop-p in L. chinensis in
Thailand. As reported by Dong et al. (2016), L. chinensis has recently emerged as a
severe weed in China, particularly in rice grown by direct seeding. Leptochloa species
became a serious concern in Asia around the end of the last century, and they are now a

problem in Europe as well (Kraehmer et al., 2016).



Weedy rice and L. chinensis were initially sparse in long-term field studies with
DSR, but they emerged only after 2 and 4 years, respectively as reported by Shekhawat
et al. (2020).

In Kerala, L. chinensis was found as a new weed in alkaline soils of Chittoor taluk
during a survey of weeds in rice agro ecosystems made by Vidya et al. (2004) and listed
as an indicator plant for alkaline conditions. Later it was found to be fast expanding in
acidic soils as evidenced by its presence in the rice fields of Palakkad, Kole lands, and
the Kuttanad region (KAU, 2009). According to Jacob (2014), the continued usage of
bispyribac sodium, one of the most widely used rice herbicides in Kerala, to suppress

barnyard grass resulted in the dominance of L. chinensis
2.3 MANAGEMENT OF L. chinensis

2.3.1 Cultural methods of weed control

2.3.1.1 Flooding

Flooding is an imperative component of cultural weed management in rice as it
prevents weed germination and seedling growth. The extent of weed reduction is
determined by the timing, length, and depth of flooding (Hill et al., 2001; Chauhan and

Johnson, 2008), which are all key factors in limiting weed germination and proliferation.

Weed species have different responses to flooding, and each weed species has an
ideal soil moisture level below or above which its growth is impeded. Flooding can be
used to suppress weed species such as F. miliacea, C. iria, E. crus-galli (Smith and Fox
1973; Civico and Moody 1979), L. hyssopifolia (Chauhan and Johnson, 2009a),
E. glabrescens (Opena et al., 2014), and I. rugosum (Lim et al., 2015). However, certain
weeds that are well adapted to flooded conditions, such as M. vaginalis (Pons, 1982) and
S. zeylanica (Kent and De Johnson, 2001), are difficult to manage by flooding.



As reported by Chauhan and Johnson (2008), early and continuous flooding to a
shallow depth of 2 cm helped to suppress the emergence and growth of L. chinensis.
Continuous flooding to a depth of 2 to 4 cm aided in the suppression of the emergence
and growth of weeds such as F. miliacea, C. iria, L. hyssopifolia and L. chinensis
(Raj and Syriac, 2017).

2.3.1.2 Stale seedbed technique

Stale seedbeds (SSB), commonly known as the false seeding technique, are
indeed a cultural weed control approach used to reduce the weed seed bank in rice
cultivation (Ferrero, 2003). Weeds are permitted to germinate in SSB and the emergent
weed seedlings are destroyed by a non-selective herbicide such as glyphosate or shallow
tillage and the plots were flooded for 10-15 days after glyphosate application
(Jose et al., 2013).

As reported by Ferrero (2003), the effectiveness of SSB is determined by various
aspects, including seedbed preparation, duration of SSB, weed species, method of killing
emerged weeds and environmental conditions (e.g., temperature) throughout the SSB
period. The species composition and potential densities of weeds that subsequently
interfere with crops all through the growing season are mostly determined by the weed
seed bank in the soil profile or on the soil surface (Karim et al., 2004). This approach not
only reduces the amount of weed seeds in the soil seed bank, but it also restricted weed
emergence (Rao et al., 2007).

The application of SSB technique in combination with pre emergence herbicide
sprays or HW, or concomitant cultivation of green manure crops resulted in better weed
control and higher grain yields (Sindhu et al., 2010). In dry DSR, Singh (2013) found
that SSB with glyphosate @ 1 kg ha was more effective in reducing weed density and
had greater grain yield and benefit: cost ratio (BCR) than SSB with shallow tillage.



Kartaatmadja et al. (2004) documented that paraquat applied to minimum tillage
in irrigated lowland rice efficiently suppressed BLWs and annual grass weeds such as
L. chinensis and E. crus-galli. Chauhan and Johnson (2010) reported that weed species
such as C. iria, C. difformis, F. miliacea, L. chinensis, and E. prostrata were more
susceptible to the SSB technique owing to their poor seed dormancy and inability to
emerge from a depth more than 1 cm. According to Jose et al. (2013), SSB was

exceptionally successful in controlling weedy rice in DSR.
2.3.1.3 Hand weeding

Hand weeding twice at 20 and 40 DAS improved growth and yield parameters
the most (Singh and Namdeo, 2004). Payman and Singh (2008) found that HW twice at
30 and 45 DAS resulted in the maximum weed control efficiency (WCE) of 66 per cent.
In DSR, HW twice resulted in the lowest weed count and weed dry weight as reported
by Roy et al. (2010). HW, according to Akbar and Ali (2011), was more effective than
mechanical hoeing and chemical weed control in reducing weed density and dry weight,
boosting WCE, and enhancing rice yield. Raj et al. (2013) reported that HW at 20 and
45 DAS in DSR brought about considerably increased plant height and dry matter

production.

Studies conducted by Nath et al. (2014) revealed that HW at 20 and 40 DAS
recorded the highest WCE of 75.7 per cent in DSR. In accordance with Kankal (2015),
HW thrice at 20, 40 and 60 DAS recorded the maximum height, number of tillers and
dry matter accumulation in the drilled rice. HW twice yielded the highest thousand grain
weight in dry DSR, according to Chaudhary et al. (2018). As reported by Devi and Singh
(2018), HW twice at 20 and 40 DAS resulted in the highest yield, grain and straw NPK
content in DSR. Srinithan et al. (2020) pointed out that HW twice at 20 and 40 DAT had
the lowest weed dry matter production (83.81 kg hat), the highest weed index (89.54%),
the highest grain yield (5563 kg ha), and the highest straw yield (7599 kg ha*), which
was statistically on par with penoxsulam + cyhalofop butyl @ 135 g ha* (15 DAT).



2.3.2 Chemical control

As weeds emerge almost concurrently with the crop in WSR, crop weed
competition is greater and chemical weed control is more critical (Singh and Singh,
2010b). Herbicides could be seen as a feasible alternative to HW (Anwar et al., 2012).
Herbicides are more labour efficient than manual or mechanical weed control methods

and provide improved weed control (Chauhan et al., 2014).

According to Jacob et al. (2014), the major benefit of using herbicides to control
weeds in DSR is the lower cost of cultivation. Application of herbicide may be reckoned
as a feasible substitute than HW in DSR (Ghosh et al., 2016; Jana et al., 2020).

2.3.2.1 Use of herbicides before sowing of crop

Sadohara et al. (2000) observed that applying herbicide to the soil surface three
to four days before sowing reduced soil seed bank and early weed growth. Surface
application of herbicides prior to sowing was superior to soil incorporation or pre

emergence application after sowing (Jose et al., 2013).
2.3.2.1.1 Oxyfluorfen

Oxyfluorfen, chemically 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoro
methyl) benzene, is a diphenyl-ether herbicide used for broad spectrum pre and post

emergence control of annual broad leaf and grass weeds (EPA, 2012).

Oxyfluorfen is used in a variety of field crops to control annual and perennial
BLWs and sedges, and it kills weed seedlings by contact action and membrane
disruption. As light is required for herbicidal activity, phytotoxicity of diphenyl ether is
associated with the process of photosynthesis and inhibition of both electron transport
and ATP synthesis (Janaki et al., 2013).



2.3.2.1.1.1 Effect of oxyfluorfen on weeds

Abraham et al. (2010) observed that oxyfluorfen has both foliar and soil activity
and could effectively control the weeds at a dose of 150 g ha or above, which were at
par with the hand weeded plot and the effectiveness was observed even at 60 DAT.
Pre sowing surface application of oxyfluorfen at 0.1 kg ha™* provided broad spectrum
control of all types of weeds emerging from the soil and reduced 75 per cent density of
weedy rice, while emerging shoots of pre-germinated crop seeds sown later were
protected from the herbicide due to spatial and temporal differences.

The contact and residual action offered by oxyfluorfen eliminated weed seeds in
the top layer of soil, reduced initial crop weed competition and standing water prevented
further seed germination (Jose et al., 2013). As stated by Abraham and Menon (2015),
WCE in WSR was 90 per cent after application of oxyfluorfen 23.5 per cent EC at 150 g
ha fo HW at 30 DAS. Pre emergence application of oxyfluorfen at 300 and 400 g ha*
considerably reduced the weed dry weight at all the stages of observation
(Sathyapriya et al., 2017).

2.3.2.1.1.2 Effect of oxyfluorfen on L. chinensis

According to Jiang (1989), oxyfluorfen at 0.1 kg ha™ provided 90-100 per cent
control of L. chinensis. Prakash et al. (1995) reported that oxyfluorfen 0.25 kg ha! +
manual weeding at 40 DAT effectively controlled L. chinensis and E. crus-galli.
Pre emergence application of oxyfluorfen 23.5 EC at 3 DAS resulted in 100 per cent
control of L. chinensis at 30 DAS as reported by Jacob et al. (2014).

2.3.2.1.1.3 Effect of oxyfluorfen on rice

Kumar and Gautam (1986) reported that oxyfluorfen at 0.15 kg ha™* was effective
in direct seeded puddled rice. At 100 g ha™*, oxyfluorfen caused reduced plant height than
at 150 g ha?l, and at 150-200 g ha’, this herbicide would successfully manage grass
weeds, sedges, and BLWs (Abraham et al., 2010).



Podder et al. (2014) reported that application of oxyfluorfen at 300 g ha™ recorded
significantly higher weed control and grain yield in DSR. Due to greater weed control at
critical phases and thus providing a favourable environment for better growth and
development, pre emergence spraying of oxyfluorfen at 250 g ha resulted in higher
grain yields of 6645 and 7102 kg ha* in transplanted rice (Sathyapriya et al., 2017). As
reported by Sumit et al. (2020), pre emergence application of oxyfluorfen at 240 g a.i.
ha! resulted in a greater leaf area index of 5.75 at 60 DAS.

2.3.2.2 Use of herbicides during the crop period
2.3.2.2.1 Cyhalofop butyl

Cyhalofop butyl, chemically, 2-[4-(4-cyano-2-fluorophenoxy) phenoxy]
propanoic acid, butylester (R) (EPA, 2002), is an Aryloxyphenoxy propionate herbicide
that inhibits acetyl coenzyme-A carboxylase, a crucial enzyme in the synthesis of fatty
acids in plants. Cyhalofop butyl becomes active with the subsequent absorption through
the leaves. Weed growth ceases instantly, and after a week, the most recent leaves
become necrotic and depending on the temperature and the size of the weeds, death
happens in 2-3 weeks. Cyhalofop butyl will not suppress BLWs as its biochemical mode
of action is exclusive to certain grasses. Saini (2003) reported that application of
cyhalofop butyl to WSR resulted in reduction of annual grass weeds. As observed by
Singh et al. (2017), grass weeds were better controlled with cyhalofop butyl than non-
grass weeds, with maximum WCE, greater yield characteristics, and yield.

2.3.2.2.1.1 Effect of cyhalofop butyl on weeds

Cyhalofop butyl, the low cost post emergence selective herbicide that kills grass
weeds, was very effective in controlling Echinochloa spp. and L. chinensis as reported
by Saini et al. (2001) and Lap et al. (2013). Through the use of cyhalofop butyl, E. colona

was effectively controlled (Jannu et al., 2017).



Saini (2005) reported that application of cyhalofop butyl (120 g ha) at 15 DAS
resulted in lower total weed dry weight and increased WCE. Jacob et al. (2014) noticed
cyhalofop butyl @ 80 g ha™* administered at 20 DAS as the best herbicide for controlling
grass weeds. The application of cyhalofop butyl @ 125 g ha™* was reported to have 95.51

per cent weed control rate (Sasikala et al., 2015).

The use of cyhalofop butyl alone as a post emergence herbicide was ineffective
in controlling BLWs (Saini et al., 2001; Kiran and Subramanyan, 2010).

As reported by Sangeetha et al. (2009), application of cyhalofop butyl at 15 DAS
fb HW at 45 DAS resulted in lower weed density and was comparable to HW twice at 20
and 45 DAS. Atheena et al. (2017) reported that tank mix combination of cyhalofop butyl
(80 g ha') with pyrazosulfuron ethyl (30 g ha*) applied at 18 DAS effectively controlled
the complex weed flora in WSR.

2.3.2.2.1.2 Effect of cyhalofop butyl on L. chinensis

Abeysekera and Wickrama (2004) reported that cyhalofop butyl 100% EC
applied at 7-10 DAS showed 90-94 per cent control over L. chinensis. As reported by
Sumiyoshi and Suzuki (2006) depicted that application of both cyhalofop butyl emulsion
and granules (GR) effectively controlled of L. chinensis. Sumiyoshi (2008) compared the
efficiency of different formulations of cyhalofop butyl and realized that emulsion was
efficient in controlling L. chinensis plants younger than nine leaf stage and shorter than
20 cm. GR formulation was effective in controlling L. chinensis plants at its six to eight
leaf stages or earlier and shorter than 14.3 cm. Jacob (2014) compared the efficacy of
grass killers and noticed that cyhalofop butyl was the next best herbicide for controlling

L. chinensis after fenoxaprop-p-ethyl.

Zhang et al. (2001) studied the efficacy of a mixture of cyhalofop butyl at 75 g
a.i. hal and bensulfuron at 225-300 g per hectare and realized 95 per cent control of

L. chinensis when applied at three leaf stage of rice.



Despite the fact that cyhalofop butyl was effective in suppressing L. chinensis, its

long term use resulted in tolerance in many areas (Chen et al., 2021).
2.3.2.2.1.3 Effect of cyhalofop butyl on rice

Cyhalofop butyl 100% EC was found to have outstanding weed control with no
negative impact on grain yield (Abeysekera and Wickrama, 2004). Saini (2005) studied
the efficacy of sequential application of cyhalofop butyl and 2,4-D and stated that
cyhalofop butyl 120 g ha* (15 DAS) fb 2,4-D at 1 kg ha* (20 DAS) and 2,4-D at 15 DAS
fb cyhalofop butyl at 20 DAS were comparable in terms of panicle number, panicle
length, grains per panicle and thousand grain weight. Sangeetha et al. (2009) noticed that
application of cyhalofop butyl at 15 DAS + HW at 45 DAS resulted in more panicles
m2, filled grains per panicle, and yield equivalent to HW twice.

Angiras and Attri (2002) reported that cyhalofop butyl @ 90 g ha resulted in
more number of panicles and higher grain yield of rice (4.5 t ha). Application of
cyhalofop butyl at 10, 15 and 20 DAS increased rice yield (Saini, 2003). According to
the reports, application of cyhalofop butyl had no phytotoxic effects on rice (Abeysekera
and Wickrama, 2004) or subsequent wheat crops (Singh et al., 2017).

2.3.2.2.2 Penoxsulam

Penoxsulam is a post emergence systemic rice herbicide that belongs to the
triazolopyrimidine  sulfonamide  chemical  family and is  chemically
2-(2,2-difluoroethoxy)-6-(trifluoromethyl-N-(5,8-dimethoxy[1,2,4] triazolo [1,5,-C]
pyrimid in-2-yl)) benzenesul fonamide). Penoxsulam is absorbed primarily by the leaves
and secondarily through the roots, and it moves throughout the plant tissue, inhibiting
the synthesize of an enzyme called ALS, which is not found in animals (WDNR, 2012a).
Plants that are susceptible to the herbicide will cease growing and turn reddish at the tips.

Plant death and decay will take from weeks to months to occur.



Penoxsulam is an ALS inhibitor herbicide for post emergence control of annual
grass weeds, sedges and BLWs in either transplanted or wet or dry direct sown method
of rice cultivation (Jabusch and Tjeerdema, 2005). Penoxsulam is a low dose, high
efficacy broad spectrum herbicide that provides eco-friendly weed management (Sasna
et al., 2016).

2.3.2.2.2.1 Effect of penoxsulam on weeds

As reported by Jabusch and Tjeerdema (2005), application of penoxsulam 22.5
and 25 g ha! had significantly lower weed population than weedy check at 30 DAS.
Lap et al. (2013) reported that Echinochloa spp., annual sedges, and many BLWs were
controlled by penoxsulam. Sasna et al. (2016) observed reduced density of sedges, grass
weeds, and BLWs, as well as considerably lower total dry matter production with higher
doses of penoxsulam at 25.0 and 22.5 g ha™.

Sanodiya and Singh (2019) reported that penoxsulam 35 g ha* at 10 DAS fb HW
at 35 DAS had the highest WCE, net returns and BCR. The treatment significantly
influenced grain yield, straw yield and harvest index over rest of the treatments, except
HW twice at 15 and 35 DAS. Penoxsulam, applied at 20 g a.i. ha was successful in
controlling grass weeds but less effective in controlling sedges and BLWs (Biswas et al.,
2020).

2.3.2.2.2.2 Effect of penoxsulam on L. chinensis

Single application of penoxsulam at 15 g a.i. ha* reduced only 21 per cent of the
L. chinensis population however, sequential application of penoxsulam with any
pre emergence herbicide like pendimethalin could control L. chinensis upto 80 per cent
(Khalig et al., 2011). Lap et al. (2013) also reported the ineffectiveness of penoxsulam
at 10, 12.5 and 15 g a.i. ha® against L. chinensis.



2.3.2.2.2.3 Effect of penoxsulam on rice

Jabusch and Tjeerdema (2005) observed that penoxsulam 25 g ha* produced
significantly higher number of panicles (182 m?) than other treatments, with the
exception of the weed free plot (191 m) and achieved the highest WCE of 84 per cent
and grain yield of 4.47 tha. Sasna et al. (2016) registered the highest value of productive
tillers m? and filled grains per panicle with penoxsulam 22.5 g ha?, which was
comparable with penoxsulam 25.0 g ha* with regard to number of productive tillers m2,
The highest yield (5.40 t hal) was obtained with penoxsulam 22.5 g ha, which was
statistically comparable to all herbicide treatments and HW, and produced the highest net
yields and BCR.

2.3.2.2.3 Carfentrazone ethyl

Carfentrazone ethyl is a contact herbicide that was approved by the
Environmental Protection Agency (EPA) in 1998. Ethyl 2-chloro-3-[2-chloro-4-fluoro-
5-[4-(difluoromethyl)-4,5-diydro-3-methyl 5-ox0-1H-1,2,4-trizol-1-yl] phenyl]
propanoate is the active component and belongs to Aryl Triazolinone group. The
herbicide regulated plants by disrupting their membranes, which is caused by the
suppression of the enzyme protoporphyrinogen oxidase, which interrupts the chlorophyll
synthesis process. Plants absorb the herbicide through their leaves, causing damaging
signs to appear within hours after application and necrosis and death in the weeks
following (WDNR, 2012b).

2.3.2.2.3.1 Effect of carfentrazone ethyl on weeds

Activity of carfentrazone ethyl at low dose rates (20 g ha) made it an ideal
partner for other common cereal herbicides such sulfonyl ureas, diflufenican, and
phenoxy herbicides (Cauchy, 2000). Carfentrazone ethyl, which had significant levels of
Group B herbicide resistance exhibited a high level of activity against Malva parviflora,

Echium plantagineum, Trifolium subterraneum. Emex australis and brassica species,



particularly Raphanus raphanistrum, had also been well controlled (Cumming, 2002).
Carfentrazone ethyl, according to Vencill (2002), is effective against BLWs but
ineffective against grass weeds. When administered at 35-40 DAS, i.e., at maximum
tillering stage in wheat, carfentrazone ethyl at 20 and 25 g ha'* was found to be superior
to 2,4-D in terms of reduction in weed dry matter production (Walia and Singh, 2006).
The application of carfentrazone ethyl reduced the biomass of Ivyleaf morning glory by
40-47 per cent, while the use of glyphosate and carfentrazone ethyl in a tank mix boosted
the effect (Sharma and Singh, 2007). When applied at 20 g haand 25 g ha™ on 15-20
DAS in DSR, carfentrazone ethyl effectively controlled both sedges and BLWSs, with the
lower dose (20 g ha) being more effective in controlling BLWs and the higher dose

(25 g ha') being more effective in controlling sedges (Raj et al., 2013).
2.3.2.2.3.2 Effect of carfentrazone ethyl on rice

Raj et al. (2013) observed that carfentrazone ethyl 40 DF (20 g ha) applied at
15-20 DAS resulted in higher grain yield (3.68 t ha) with a WCE of 90.7 per cent and a
weed index of 9.5, and was comparable to 2,4-D Na salt @ 800 g ha™* applied at 20-25
DAS. The study also observed absence of phytotoxicicty effect at 20 and 25 g ha*. On
the other hand, Atheena (2016), pointed out that carfentrazone ethyl application caused
phytotoxic symptoms in rice, with the leaves turning brownish. However, the injury was

less severe than with tank mix treatment, and the crop recovered within seven days.
2.3.2.2.4 Bispyribac sodium

Bispyribac sodium, chemically, sodium 2,6-bis [(4, 6-dimethoxy-2-pyrimidinyl)
oxy] benzoate, is a systemic herbicide that inhibits the plant enzyme ALS, involved in
biosynthesis of the branched chain amino acids. Protein synthesis and growth are
impeded without certain amino acids, resulting in plant mortality (WSSA, 2007).
Bispyribac sodium is absorbed by the roots and leaves and inhibits the enzyme ALS in

susceptible weed plants (Pathak et al., 2011).



2.3.2.2.4.1 Effect of bispyribac sodium on weeds

Yadav et al. (2009) reported that bispyribac sodium @ 25 g ha™* applied at 15-25
days after transplanting (DAT) effectively suppressed complex weed flora in
transplanted rice. According to Rao and Ratnan (2010), post emergence application of
bispyribac sodium @ 30 g ha at 15 DAS offered broad spectrum weed control with
great selectivity to rice. Jabran et al. (2012) reported that post emergence application of
bispyribac sodium@ 25 g ha™ reduced total weed density (2.2 m) and weed biomass
(1.9 g m2) with 89.8 per cent WCE. Khaliq et al. (2013) stated that bispyribac sodium
(30 g ha!) application at 15 DAS fb manual weeding at 30 DAS resulted in 91 per cent

reduction in weed dry weight.

Post emergence application of bispyribac sodium @ 30 g a.i. ha™ reduced the dry
weight of grass weeds and BLWs in rice by 88 per cent when compared to unweeded
control at harvest (Naseeruddin and Subramanyam, 2013). Raj et al. (2013) claimed that
bispyribac sodium 10 SC (30 g ha!) was highly effective against Echinochloa stagnina,
E. glabrescens, M. vaginalis, L. perennis and S. zeylanica. The highest WCE was 98.5
per cent was observed with post emergence application of bispyribac sodium @ 50
g hal at 20 DAT, which was higher than manual weeding twice. Veeraputhiran and
Balasubramanian (2013) also observed that applying bispyribac sodium at rates of 25,
30, and 50 g ha! resulted in lower weed dry weight than applying butachlor
(1500 g hat) at 3 DAT.

Early post emergence application of bispyribac sodium @ 30 g ha* at 15 DAS,
combined with HW at 30 DAS resulted in higher weed suppression. (lhsan et al., 2014),
Bispyribac sodium 10% SC (30 g ha'*) was successful in controlling quinclorac resistant
barnyard grass, with a WCE of over 90 per cent as reported by Lan et al. (2014). Kumaran
et al. (2015) reported that early post emergence application of bispyribac sodium 10%
SC @ 40 g ha* at 40 and 60 DAS resulted in the lowest weed density and dry weight.



Bispyribac sodium 10% SC at 35 g ha (15 DAT) was reported to be effective
against C. difformis, C. iria, Fimbristylis woodrowii, P. repens, E. colona, E. crus-galli,

C. dactylon, Rotala densiflora, E. alba and Spilanthes calva (Prashanth et al., 2015).

Jacob (2014) reported that in places where Leptochloa is not a serious problem,
bispyribac sodium @ 30 g a.i. ha sprayed at 20 DAS could be the herbicide option for
broad spectrum weed control producing high grain and straw yields. Spraying bispyribac
sodium @ 20 g hal at 21 DAT, fb manual weeding at 45 DAT, effectively managed
weeds in transplanted rice, with a WCE of 87.74 per cent and a weed index of 2.83
(Kashid, 2019). Biswas et al. (2020) reported that bispyribac sodium 10% SC applied at
30 g a.i. ha (20 DAT) reduced M. vaginalis density by 37 per cent compared to the
weedy control. Studies conducted by Kundu et al. (2020) revealed that bispyribac sodium
@ 250 ml ha'! treated plots removed the least amount of N, P and K (5.56, 0.86, and 5.41
kg hat, respectively) by weeds.

2.3.2.2.4.2 Effect of bispyribac sodium on L. chinensis

As reported by Abeysekera and Wickrama (2004), bispyribac sodium is indeed
the least efficient at controlling L. chinensis in Sri Lanka. Jacob (2014) found that
bispyribac sodium was ineffective in controlling L. chinensis and reported a higher dry
weight of 527.7 kg ha*, which was observed to be close to unweeded control with a dry
weight of 614 kg ha™. Bispyribac sodium, according to Awan et al. (2015), was effective
against most grasses but not L. chinensis.

2.3.2.2.4.3 Effect of bispyribac sodium on rice

Bispyribac sodium @ 25 g ha applied at 15-25 DAT improved grain production
by 41 per cent (Yadav et al., 2009). According to Veeraputhiran and Balasubramanian
(2013), bispyribac sodium @ 25 g ha* (20 DAT) produced the highest grain yields of
6838 kg ha? and 6510 kg ha? in two consecutive years (2011 and 2012), and was
comparable to higher doses of bispyribac sodium at 50 g and 30 g ha™™.



Early post emergence application of bispyribac sodium 10 SC at 40 g ha™* yielded
5058 kg ha*, which was comparable to pre emergence application of pretilachlor @ 0.45
kg hal at 3 DAS fb HW at 40 DAS, but bispyribac sodium 10% SC @ 20 g ha* yielded
13 per cent less grain as reported by Kumaran et al. (2015).

Ihsan et al. (2014) reported that bispyribac-sodium @ 30 g ha™ at 15 DAS, along
with manual weeding at 30 DAS, resulted in more productive tillers m=2, grains per
panicle, thousand grain weight, grain yield and harvest index, which were comparable to
HW twice at 20 and 40 DAS. Antralina et al. (2015) found a similar result, where post
emergent spraying with bispyribac sodium @ 25 g ha® at 20 DAT resulted in more
number of panicles (38 m?), thousand grain weight (32.2 g), filled grain percentage
(67.03%), and yield that was comparable to HW twice at 20 and 45 DAT. Application of
bispyribac sodium 10% SC (25 g ha') applied at 15 DAT recorded a grain and straw
yield of 6474 and 7658 kg ha?, respectively, with lower phytotoxicity, and was
equivalent to HW twice at 20 and 40 DAT with 6243 and 7492 kg hal, respectively
(Prashanth et al., 2015). As mentioned by Kundu et al. (2020), application of bispyribac
sodium 10% SC (250 ml ha?) substantially reduced total weed density (77.38%) and dry
weight (81.50%) over control at 30 days after herbicide application and consequently
yielded 4.07 t ha'l. Biswas et al. (2020) documented, the highest rice yield (5.45 t ha®),
net return (% 42,677 ha't), and BCR (1.72) with bispyribac sodium.

2.3.2.2.5 Fenoxaprop-p-ethyl

Fenoxaprop-p-ethyl is an aryl oxy phenoxy propionate post emergence herbicide
(chemically (+)-ethyl 2-[4-[(6-chloro-2-benzoxazolyl)oxy] phenoxy] propanoate) that
inhibits the Acetyl Co-A carboxylase (Accase) enzyme and kills grass weeds in rice.

Fenoxaprop-p-ethyl is a selective post emergence herbicide that kills a wide range
of grass weeds (Rana et al., 2004). The active substance of fenoxaprop-p-ethyl is readily
absorbed by the leaves and stems of grass weeds, and it primarily inhibits the synthesis

of fatty acids in the meristemetic tissues of grass weeds (Kundu et al., 2020).



2.3.2.2.5.1 Effect of fenoxaprop-p-ethyl on weeds

In DSR, fenoxaprop-p-ethyl at 60 g ha* was very effective in controlling grass
weeds (Dixit and Varshney, 2008). According to Blouin et al. (2010), fenoxaprop-p-ethyl
was effective against main grasses found in DSR fields, including L. chinensis,
D. aegyptium, D. sanguinalis and E. colona. Mahajan and Chauhan (2015) also reported
the reduction of D. sanguinalis count with fenoxaprop-p-ethyl (9 and 12) as compared to

the non-treated control (29 and 23) plants m™, respectively in 2013 and 2014.

The application of fenoxaprop-p-ethyl (6.9% EC) resulted in a steady decrease in
density and dry weight of grass weeds (Mallick et al., 2009). Kumar et al. (2010) found
that application of fenoxaprop-p-ethyl at 60 g ha® (20 DAT) fb HW at 30 DAT
significantly reduced total weed population and weed dry weight compared to weedy
check at all crop growth stages. Fenoxaprop-p-ethyl applied at 86 g a.i. ha'l was
successful in controlling grass weeds but less effective in controlling sedges and BLWSs
(Biswas et al., 2020).

2.3.2.2.5.2 Effect of fenoxaprop-p-ethyl on L. chinensis

In a DSR trial, Kuah and Sallehuddin (1988) found that fenoxaprop-p-ethyl
(0.5-0.1 L ha') administered 14-25 DAS offered effective control of L. chinensis in both
dry and flooded conditions. Fenoxaprop treatments resulted in 95 to 97 per cent control
of Chinese sprangletop (L. chinensis), according to Yokohama et al. (2001).
Singh et al. (2004) found that application of fenoxaprop-p-ethyl (56.25 g ha*) at 10 DAT
efficiently controlled L. chinensis. As reported by Yang et al. (2004), application of
fenoxaprop-p-ethyl to rice plants with more than 6 leaves resulted in more than 90 per
cent control of L. chinensis in DSR. According to Gopal et al. (2010), fenoxaprop-p-
ethyl without a safener was formerly used in DSR to control L. chinensis and D.
aegyptium, but it was hazardous to the rice crop. Fenoxaprop-p-ethyl was the most
effective herbicide against L. chinensis at 30 and 60 DAS, attaining 100 per cent control
of the weed (Jacob, 2014).



The grass weeds L. chinensis, D. aegyptium, and D. sanguinalis provided
significant competition to the crop, according to Mahajan and Chauhan (2015), and their

suppression using fenoxaprop helped to increase yield.
2.3.2.2.5.3 Effect of fenoxaprop-p-ethyl on rice

Post emergence application of fenoxaprop-p-ethyl resulted in higher number of
panicles m (236) and grains per panicle (71) as reported by Dixit and Varshney (2008).
Kumar et al. (2009) observed that application of fenoxaprop-p-ethyl fbo HW resulted in
higher grain yield (4268 kg ha*) and straw yield (5583 kg ha'), which was comparable
to mechanical hoeing. With the application of fenoxaprop-p-ethyl, Sreedevi et al. (2009)
noticed a higher mean plant height. Kumar et al. (2010) noticed higher panicles m? (228)
with lesser weed dry weight (15.3 g m™) and higher yield (4.3 t ha't) with application of
fenoxaprop-p-ethyl at 60 g ha' fo HW. Fenoxaprop-p-ethyl (0.06 kg ha™) in combination
with ethoxysulfuron (0.015 kg ha?) resulted in increased grain production
(Tiwari et al., 2010). Jacob et al. (2014) reported that fenoxaprop-p-ethyl at 60 g a.i.
hat applied at 20 DAS was the most effective herbicide to control grass weeds, which
was on par with the HW treatment and recorded a grain yield of 5.88 t ha with the
highest WCE of 69.19 per cent at harvest and the highest BCR of 2.1.

2.3.2.3 Herbicide mixtures: ready mix and tank mix application of herbicides

A variety of herbicides have been used to control weeds in DSR, though chemical
management methods focused on single herbicide may be ineffective due to their limited
weed control spectrum. Application of herbicide combination reduced the herbicide use
rates compared to single herbicide use (Aurora and De Datta, 1992). In addition to broad
spectrum weed control, herbicide combinations condense herbicide load in the
environment and application costs. As stated by Avudaithai and Veerabadran (2000),
combining different herbicides, even at lower doses, was more efficient against a wide

range of weeds.



Herbicide mixtures are considered powerful tools for cost effective control in
intensive agriculture and herbicide combinations (both tank and proprietary mixture)
increased the weed control spectrum with a single application (Damalas, 2004). In DSR,
a combination of graminicides and one of the herbicides for sedges and BLWSs was found
to be more effective for broad spectrum weed control (Karim et al., 2004). A grass
effective herbicide used in conjunction with a herbicide specified for BLWs would
control both types of weeds; similarly, a grass effective herbicide used in conjunction
with a herbicide that controls both BLW and sedges would give a broader range of weed
control (Mukherjee, 2006).

Herbicides with distinct modes of action, according to Paswan et al. (2012), bind
to different target sites in weeds when used together, preventing target site resistance in
vulnerable species. Chauhan and Yadav (2013) discoursed that using two or more
herbicides may become a component of a more effective and integrated technique in the
future to achieve better control of complex weed flora in DSR. Herbicide mixes will help
to avoid the resistance problem and weed population shifts that are always a concern
when using a single herbicide (Duary et al., 2015). Herbicides used in combination,
whether pre-plant incorporated, pre emergence, or post emergence, increased the weed
control spectrum or the duration of residual weed control. Herbicide tank mixing might
improve the spectrum of weeds controlled in a single application, saving time and labour
in a weed control programme. Combining suitable herbicides from various chemical
families, such as 2,4-D and dicamba for BLWSs, can help manage specific weed
populations. Combinations of herbicides can also manage multiple weed categories at

once, such as grass and BLWSs (Choudhury et al., 2016).

When two herbicides are combined, they could exhibit additive, synergistic, or
antagonistic effects. When the individual effects are summed together, additivity occurs;
synergism happens when the observed effect is more than the individual effect; and
antagonism occurs when the combined effect of several herbicides is less than the
individual effect (Zhang et al., 1995).



These interactions take place on the ground, in the spray solution, on the leaf
surface, in the absorption and translocation tissues and at the herbicide site of action.
(Matzenbacher et al., 2015). In agriculture, determining the proper herbicide tank
combinations is critical for long term weed control since it lowers input costs, prevents

yield losses and pollutes the environment less (Pala, 2020).
2.3.2.3.1 Penoxsulam + cyhalofop
2.3.2.3.1.1 Effect on weeds

The ready mix formulation of penoxsulam + cyhalofop butyl (10 + 50 g a.i. L)
and the tank mix of penoxsulam + cyhalofop butyl provided outstanding control of many
grass weeds, BLWs and sedges with excellent rice tolerance in ASEAN countries
(Lap et al., 2013). As reported by Yao et al. (2013), post emergence foliar application of
the ready mix combination of penoxsulam + cyhalofop butyl (10 + 50 g a.i. L™)
(RicerTM600D) at 10 to 15 days after rice seeding provided excellent control of
E. crus-galli, L. chinensis, Paspalum distichum, C. difformis, C. iria, Scirpus juncoides,
M. vaginalis, Monochoria korsakowii, Sagittaria spp., Alisma plantago-aquatica and
Rotala indica.

When treated at 1.0 L hal, the penoxsulam + cyhalofop butyl ready mix provided
greater than 90 per cent control of F. miliacea and E. crus-galli at 0 to 18 days after
planting (DAP), S. zeylanica and C. difformis at 0 to 14 DAP and C. iria at 4 to 14 DAP
in Thailand and 4 to 18 DAP in the Philippines (Lap et al., 2013). The field studies
conducted at Thrissur, Kerala by Abraham and Menon (2015) revealed that post
emergence application of penoxsulam + cyhalofop butyl @ 135 and 150 g ha™* resulted

in very good control of all types of weeds in WSR.

Reddy and Ameena (2021a) documented that the premix herbicide penoxsulam
+ cyhalofop butyl applied at 20 DAS fb HW effectively suppressed grass weeds, BLWSs
and sedges during initial stages of crop growth in WSR.



Raj and Syriac (2018) recommended the post emergence application of
penoxsulam + cyhalofop butyl at 125, 130, or 135 g ha'* at 15 DAS for successful weed
seed bank management in wet DSR. Singh et al. (2019) stated that cyhalofop butyl +
penoxsulam could be used as a post emergence herbicide in fields dominated by
E. glabrescens and L. chinensis. Sen et al. (2020) opined that ready mix combination of
penoxsulam + cyhalofop-butyl (130 g ha') substantially reduced weed dry weight by
87.6 per cent at 25 DAS, outperforming other treatments. Srinithan et al. (2020) reported
that among the herbicidal treatments, penoxsulam + cyhalofop butyl @ 135 g ha'
(15 DAT) recorded lower weed dry matter production of 93.01 kg ha and higher weed
index of 88.39 per cent. Reddy and Ameena (2021a), recorded lower weed dry weight
and nutrient removal and displayed superior weed control efficiency with the application
of penoxsulam + cyhalofop butyl applied at 20 DAS fb HW in direct seeded rainfed

lowland rice.

Lap et al. (2013) reported that the ready mix combination of penoxsulam +
cyhalofop butyl at 1.0, 1.25, and 1.5 L ha gave excellent control of L. chinensis and
achieved more than 85 per cent control at 10 + 50 or 12.5 + 62.5 g a.i. ha™* administered
310 16 DAP. Singh et al. (2019) documented 100 per cent mortality of L. chinensis when

cyhalofop butyl + penoxsulam was administered at 270 g ha™.
2.3.2.3.1.2 Effect on yield parameters and economics of rice cultivation

Penoxsulam + cyhalofop butyl ready mix sprayed at 1.0 L ha-1 offered excellent
weed control and enhanced rice grain production by as much as 121 per cent, when
compared to yield from untreated plots (Lap et al., 2013). Higher grain yield of 6.32
t ha were obtained in penoxsulam + cyhalofop-butyl 6 per cent OD @ 135g ha™*, which
was statistically comparable to HW twice at 20 and 40 DAS (Kailkhura et al., 2015).
According to Yadav et al. (2018), penoxsulam + cyhalofop @135 gha or 150 g ha
ready mix application resulted in higher tillers m, panicle weight, straw yield and grain
yield (5.58 t ha') than weed free treatment (5.60 t ha'l).



Srinithan et al. (2020) reported that among the herbicidal treatments, penoxsulam
+ cyhalofop butyl @ 135 g ha (15 DAT) recorded higher grain and straw yield of 5453
and 7471 kg hal, respectively.

When sprayed at two to four leaf stage, penoxsulam + cyhalofop butyl 6 per cent
OD @ 135 g ha* exhibited excellent weed control, with greater grain production of 4167
kg hat, net returns of Z 40,150 ha!, and BCR of 2.36 compared to hand weeded treatment
in DSR (Patil, 2014). As reported by Yadav et al. (2018), post emergence spraying of
penoxsulam + cyhalofop butyl 6 per cent OD @ 135 g ha* resulted in greater net returns
in transplanted rice, with a BCR of 1.91, which was superior to the weed free condition
(1.66). Ready mix combination of penoxsulam + cyhalofop-butyl (130 g ha?) increased
rice grain yield (3.92 t ha') by 378.9 per cent over unweeded control, increased gross
benefit: cost (2.30) by 31.4 per cent over weed free control, gave the highest overall
impact index (1.27) with an economic threshold level of 9.0 weeds m, and was found
to be the best weed management option in DSR (Sen et al., 2020). Reddy and Ameena
(2021b) adjudged penoxsulam + cyhalofop butyl 6 % OD @ 150 g ha at 20 DAS fb HW
at 40 DAS as the best weed management option in direct seeded rainfed lowland rice,

recorded higher grain yield and crop nutrient uptake.
2.3.2.3.2 Cyhalofop butyl + carfentrazone ethyl
2.3.2.3.2.1 Effect on weeds

The efficiency of carfentrazone ethyl at lower dose rates of 20 g ha made it a
good partner for other common cereal herbicides such as sulfonyl ureas, diflufenican,
and phenoxy herbicides (Cauchy, 2000). According to Atheena (2016), tank mix
application of cyhalofop butyl with carfentrazone ethyl resulted in complete control of
E. stagnina and Ludwigia sp. but had no effect on M. vaginalis, whereas sequential
application resulted in a lower population of M. vaginalis, which decreased from 15to 5
no. m? from 18 DAS to 30 DAS. The treatment resulted in 72.4 and 87.6 per cent WCE,
respectively at 30 and 60 DAS.



On the contrary, reduction in control of Leptochloa panicoides
(Amazon sprangletop) by cyhalofop butyl on combination with carfentrazone ethyl was
reported by Buehring et al. (2006).

2.3.2.3.2.2 Effect on yield parameters and economics of rice cultivation

Atheena (2016) observed that tank mix application of cyhalofop butyl +
carfentrazone ethyl caused severe injury on rice and yielded only 3.9 t ha* with a BCR
of 2.3 in WSR.

2.3.2.3.3 Bispyribac sodium + fenoxaprop-p-ethyl
2.3.2.3.3.1 Effect on weeds

As fenoxaprop-p-ethyl has little activity against broad leaf or sedge weeds, other
herbicides having activity on broad leaf or sedge weed will almost certainly be required
in a weed management programme incorporating fenoxaprop-p-ethyl, saving both time
and money, and it would be helpful in DSR (Mahajan and Chauhan, 2015).

The study conducted by Ali et al. (2015) found that applying bispyribac sodium
at 25 g ha'! fb fenoxaprop-p-ethyl at 1406 g ha sequentially was more successful (>80%)
in changing the weed population at 30 and 45 DAS and was on par to bispyribac sodium
+ fenoxaprop-p-ethyl at 25 and 1171 g ha, where a count of 44 and 53.33 m™ were
observed, respectively. Mahajan and Chauhan (2015) observed that the tank mix
application of azimsulfuron + bispyribac + fenoxaprop considerably reduced the density
of C. iria, C. rotundus and L. chinensis in dry DSR, compared to the non-treated control.

As bispyribac sodium activity was low in L. chinensis, it was recommended that
10% bispyribac sodium SC be used in combination with thiobencarb or fenoxaprop-p-
ethyl for control L. chinensis (Wang et al., 2000). However, broad leaf or sedge

herbicides may antagonise or lessen the herbicide effectiveness on grass weeds in a



mixture comprising herbicides with grass activity, such as fenoxaprop-p-ethyl
(Mahajan and Chauhan, 2015).

2.3.2.3.3.2 Effect on yield parameters and economics of rice cultivation

Tank mix combination of bispyribac sodium + fenoxaprop-p-ethyl at 25 + 937 g
ha* produced the highest yield attributes (421 tiller m?2, 406.25 panicles m? and 102
kernels panicle™), grain yield (3.80 t ha!) and the highest net revenue of ¥ 83,006 per
hectare (Ali et al., 2015). According to Mahajan and Chauhan (2015), tank mix
application of azimsulfuron plus bispyribac plus fenoxaprop recorded the highest grain
yield of 7.23 t hain 2013 and 7.86 t ha'* in 2014 and an additional profit of greater than
1000 USD ha* was observed in dry DSR.

2.4 DIFFERENTIAL RESPONSE OF GRASS WEEDS TO BISPYRIBAC SODIUM

Bispyribac sodium, sodium 2, 6-bis [(4, 6-dimethoxy-2-pyrimidinyl) oxy]
benzoate, is a broad spectrum herbicide used in rice production. It is recommended for
the post emergence control of grass weeds, some dicot weeds and certain sedges. ALS
also referred to as acetohydroxyacid synthase is the enzyme in the biosynthetic pathway
leading to the production of branched-chain amino acids viz., leucine, isoleucine, and
valine. However, being an ALS inhibiting herbicide bispyribac sodium have a tendency
to develop resistance rapidly to selected weed accessions (Tranel and Wright, 2002). The
fact has more relevance in the background of ALS inhibiting herbicides developing
resistance rapidly with 126 weed species on the list having developed resistance to ALS
inhibitors already (Tranel et al., 2012).

A study on differential responses of E. crus-galli and E. colona to bispyribac
sodium was conducted by Khedr et al. (2018). It was revealed that the growth of
E. crus-galli was reduced by 93.87 and 86.3 per cent, respectively at 100 per cent field
recommended dose (FRD) in terms of fresh and dry weight. In E. colona, growth was
decreased by 84 and 71 per cent, respectively, at 100 per cent FRD.



The protein content in E. colona was found to be increased with increasing
concentration of bispyribac sodium from 50 to 200 per cent FRD. However, it decreased
by 18.4 per cent at 300 per cent FRD. The study indicated that E. crus-galli was
susceptible to bispyribac sodium but E. colona showed some resistance (Khedr et al.,
2018)

Differential responses to bispyribac sodium by E. crus-galli population was
reported by Riar et al. (2012). In the study, E. crus-galli population from rice fields in
Arkansas (AR1 and AR2) and Mississippi (MS1) showed differential responses with
reduction in dry weight of 99 per cent in AR2 (susceptible population), 54 to 62 per cent
and 71 to 73 per cent in resistant populations (ARland MS1), respectively.
Kaloumenos et al. (2013) also specified that bispyribac sodium applied at FRD reduced
the fresh weight of nine susceptible Echinochloa oryzicola accessions by 83-100 per cent.

Lipid biosynthesis inhibitors work by inhibiting the activity of the ACCase
enzyme and are commonly used to control grasses. The ACCase enzyme catalyses the
first step in fatty acid synthesis, preventing the production of phospholipids required for
lipid bilayer synthesis, which is essential for cell structure and function. When ACCase
inhibitor herbicides are used in conjunction with ALS inhibitors at far lower than labelled
rates, the combined action outperforms the individual components. Furthermore, no

antagonistic effects exist; rather, the effect is synergistic (Mahajan and Chauhan, 2015).

From this brief review, it can be concluded that L. chinensis is a major weed in
DSR. The review signifies the need for understanding the factors favouring the growth
and establishment of the weed and developing suitable management practices involving
herbicide combinations for broad spectrum managemnt. Hence, the present investigation
was conducted to study the ecological factors favouring the growth and development of

the weed and an effective management strategy for its control under WSR.
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3. MATERIALS AND METHODS

The present investigation entitled “Germination ecology and management of
Chinese sprangletop [Leptochloa chinensis (L.) Nees.] in wet seeded rice” comprised of
a phytosociological survey, pot culture experiments, field experiments and a series of
laboratory experiments. The phytosociological survey was conducted in different rice
tracts of Kerala viz., Palakkad, Kole and Kuttanad after selecting three severely infested
padasekharam in each tract during 2018 and 2019. Pot culture experiments on
germination ecology and bioassay experiments were carried out at the College of
Agriculture, Vellayani from 2018 to 2020. The management study was conducted at
Integrated Farming System Research Station (IFSRS), Karamana during 2018 and 2019,
where, a severe infestation of Leptochloa chinensis has been reported. The details of the
materials and methodology adopted during the course of the investigation are presented

below. The whole programme was carried out under six major heads or parts viz.,
Experiment | : Phytosociological survey
Experiment Il : Germination ecology

Experiment 111 : Management of Leptochloa chinensis in wet seeded rice

Experiment IV : Sensitivity of weed to herbicide combinations using whole plant bioassay

technique
Experiment VV : Assessment of mode of action of tank mix herbicide combinations

Experiment VI : Assessment of differential response of grass weeds to bispyribac sodium



3.1 PHYTOSOCIOLOGICAL SURVEY

3.1.1 General details (Details of the study area)
3.1.1.1 Location

a) Kuttanad

Kuttanad is a unique low land ecosystem positioned at 9° 27' N latitude and
76° 25' E longitude, lying 0.5 to 2.0 m below mean sea level (MSL). The texture of the
soil is found to be silty clay and belongs to the soil order Entisol. The pH of the soil is
around 3.5 to 4.5 and the status of organic carbon, available phosphorus and exchangeable

potassium is medium to high.
b) Kole

The Kole lands that shape the rice granaries of Thrissur and Malappuram districts
comprise of a completely unique system in Kerala, extending out more than 13,000 ha.
These wetlands are located 0.5 to 1 m below MSL and lie between 10° 20" and 10° 40' N
latitudes and 75°58' and 76° 11' E longitudes. The soil is clayey in texture and belongs to
the order Inceptisol. The soil pH is 5.0 and is high in organic carbon, available phosphorus

and medium in exchangeable potassium.
c) Palakkad

Palakkad is situated within the latitudes stretching from 10° 21' to 11° 14' N and
longitudes extending from 76° 02' to 76° 45' E. The soil is lateritic with a pH of around
5.0 and belongs to the soil order Altisol. They are low in organic carbon, available
phosphorus and exchangeable potassium. The gross paddy cropped area of Palakkad
extends over 1.07 lakh ha. During the Kharif season, rice is grown mainly under semi-dry
situations and in Rabi, cultivation is done utilizing the canal irrigation water from

Mangalam, Pothundy, and Malampuzha dams.



3.1.1.2 Climate and weather

The Kuttanad, Kole and Palakkad rice growing tracts enjoy a tropical monsoon
climate with more than 80 per cent of rainfall distributed through southwest and northeast
monsoon showers. Weather conditions, which prevailed during the experimental period
were largely normal with slight variations in the onset of the monsoon in the dry sown
tracts of Palakkad and high temperatures during Rabi. The state received comparatively

more rainfall (27.5%) during August 2018 than normal, which led to unusual floods.
3.1.1.3 Cropping pattern

The surveyed fields of Kuttanad are double-cropped wetlands, with two crop
seasons i.e., May-June to September-October and Novemeber-December to March-April.
Broadcasting of sprouted seeds on receipt of the monsoon has evolved as a viable
technology for rice farming in Kuttanad, owing to the availability of sufficient labourers
at the right time. Chemical weed control has become almost an integral part of rice

cultivation under wet seeded conditions.

In Kole lands, only one crop of rice is cultivated from September-October to
February-March and the area remains submerged during the rest of the year. In certain
padasekharams where conditions are favourable, farmers go for a second crop during

February-May, before the southwest monsoon, using short duration varieties.

Palakkad is a semi-dry tract with two rice cropping seasons, from May-June to
August-September and September-October to December-January. The first crop is under
a semi-dry system, where sowing is done in moist soil on receipt of pre-monsoon showers,

and the second is transplanted or irrigated rice under puddled conditions.
3.1.2 Experimental details

The survey was conducted in three severely infested padasekharams in the major

rice growing tracts of Kerala, including Kuttanad, Kole and Palakkad during 2018 and



2019 to study the habitat features, composition and distribution of L. chinensis. The details

of the surveyed areas are furnished in Table 1.

Table 1. Details of the surveyed areas

Geographical position

Kole

Location District Taluk Panchayath
Latitude Longitude

Kutttanad tract
Karukappadam | 9°37' 0032"N |76° 46' 0403"E | Alappuzha | Kuttanad Edathua
Maambuzhakari | 9°41'738"N | 76°47' 165"E | Alappuzha | Kuttanad \.I{ﬁgz:;ﬁ:i’
Ramankari 9°42'834"N | 76°46'500"E | Alappuzha | Kuttanad | Ramankari
Palakkad tract
Alathur 10° 64' 3447"N | 76° 54' 4150"E | Palakkad | Alathur Alathur
Chithali 10° 68' 8926"N | 76° 58' 3270"E | Palakkad | Alathur |Kuzhalmannam
Kavasseri 10° 65' 7897"N | 76° 52' 0427"E | Palakkad | Alathur Kavasseri
Kole tract
Alappad Kole 10° 44' 140"N | 76° 15' 808"E Thrissur | Thrissur Chazhoor
Enamavu Kole |10°51' 1512"N |76° 09' 6162"E | Thrissur | Thrissur Anthikad
Thiruthumthaad |1 054 54950 N | 76° 14' 7052°E | Thrissur | Thrissur | Adat

The survey was undertaken in the Kuttanad region during July-September 2018

and in the Puncha crop season during December-March 2018-19. In the Palakkad region,

the survey was conducted in the first crop season during July-September 2018 and in the

second crop season during December-February 2018-19. The survey in the Kole lands was

done during January-March 2018 and December-January 2018-19.




3.1.3 Observations
3.1.3.1 Species wise count of all weeds

The species wise count of all weeds was taken from three different padasekharams
of each rice growing tract viz., Kuttanad, Kole and Palakkad. For this, a total of 15
quadrats were sampled using a 0.5 m x 0.5 m quadrat with the quadrat being randomly
positioned in each location. Each year's data was pooled for each locality, and average
counts of various weeds were calculated. Based on the collected data, indices such as
density, abundance, frequency and summed dominance ratio of each weed species were

worked out for each rice tract.
a) Density

The number of weeds was recorded from fifteen randomly selected quadrats
(0.5m x 0.5 m) at each survey location and the mean value was recorded. The weeds were
categorized based on their species. Density indicates the numerical strength of a species
per unit area. The density of all species was calculated using the formula suggested by
Philips (1959).

Total number of individuals of a species in all the quadrats

Density =
y Total number of quadrats sampled

b) Abundance

Abundance is the number of individuals of different species in the community
per unit area of their occurrence. The abundance of all species of weeds from the quadrat

was calculated using the formula suggested by Philips (1959).

Total number of individuals of a species in all the quadrats

Abundance =
Total number of quadrats in which the species occurred



¢) Frequency

Frequency is the degree of dispersion of individual species in an area, usually
expressed in terms of percentage occurrence. The frequency of weed occurrence was

calculated using the formula suggested by Philips (1959).

Total number of quadrats in which the particular species occurred
Total number of quadrats sampled

Frequency = x 100

d) Relative density (RD)

_ Total number of individuals of the given species

X 100

Total number of individuals of all the species

e) Relative abundance (RA)

Abundance of a given species
A= X 100

" Total abundance of all the species

f) Relative frequency (RF)

Number of occurrence of a species

RF x 100

" Number of occurrences of all the species

g) Summed dominance ratio

The summed dominance ratio (SDR) of all weed species was separately worked

out according to the formula developed by Misra (1968).

Relative density + Relative frequency + Relative abundance
3

SDR =



3.1.3.2 Weed vegetation analysis

Weed vegetation analysis (habitat analysis) was done to quantify the diversity as
well as evenness of weed flora in each tract. Weed biodiversity in these rice tracts was

studied using the following indices.
a) Species richness (R)
Total number of species which occurred in the community (field).

b) Species diversity (H) (Shannon-Wiener, 1963)
S
Measured by the Shannon-Wiener diversity index, H = Z piIn pi
i=1

where, pi is the proportion of the total number of individuals composed of species
i and pi = Ni/N, where N is the total individual number of each weed species, S is the total
number of species in the community and Ni is the individual number of the i" species,

and In = natural logarithm.
c) Degree of community dominance (D) (Simpson, 1949)
Measured by Simpson’s diversity index, D = 1/ Zfz 1 pi?
where S = total number of species in the community (i.e., richness)
pi = proportion of the total number of individuals composed of species i.
d) Community evenness (J) (Pielou, 1966)
Measured by the evenness index (Pielou index), J = H/logR

where, H indicates species diversity and R indicates species richness



3.1.3.3 Characteristics of Leptochloa chinensis ecotypes at flowering
a) Plant height

The height of 10 randomly selected plants from each surveyed area was measured
from the base of the plant to the tip of the longest leaf or panicle at the flowering stage,

mean value worked out and expressed in centimeters.
b) Number of tillers per plant

The total number of tillers per plantwas counted. Observations were recorded from
10 plants in each location and the mean value was worked out.

¢) Number of panicles per plant

The number of panicles per plant was recorded from 10 plants in each surveyed

location and the mean value was calculated.
d) Seed production capacity

Panicles from 10 plants in a locality were collected. The number of seeds per
panicle was counted and, from this data, the total number of seeds per plant was derived

and the mean value was recorded.
3.1.3.4 Content of major nutrients in L. chinensis

The content of major nutrients viz., N, P and K in L. chinensis from different
locations of the collection were analyzed. Ten plants were collected from each location at
the flowering stage and was air-dried for three days. The samples were then dried in a hot
air oven at 80 + 5°C to constant weight, ground and sieved through a 0.5 mm sieve. The
required gquantities of samples were weighed out accurately and were subjected to acid

extraction and the N, P, K content were determined.



a) Total nitrogen content

The total nitrogen content of plant samples was determined by the micro kjeldahl

digestion and distillation method (Jackson, 1973).
b) Total phosphorus content

The plant sample was digested in a di-acid mixture and the total phosphorus
content was determined by the VVanado-molybdo phosphoric yellow colour method. The
intensity of colour was read using a Spectronic 20 spectrophotometer at 420 nm (Jackson,
1973).

c) Total potassium content

Potassium content in the di-acid digest was estimated using a flame photometer
(Jackson, 1973).

3.1.3.5 Soil analysis

To study the association of dominance and occurrence of L. chinensis with soil
properties, composite soil samples were collected from each location of the survey and
soil analysis was done for the status of pH, EC, OC and major nutrients (NPK) in soils.
The standard procedures for soil chemical analysis are given below.

a) Soil pH and EC

The soil pH and EC were analyzed in a soil : water suspension of 1 : 2.5 using pH

and EC meters respectively.
b) Organic C

Soil samples were shade dried, sieved through a 0.2 mm sieve and analyzed for

organic carbon content by rapid titration method (Walkley and Black, 1934).



c) Available soil N

The available nitrogen content of the soil was estimated by the alkaline

permanganate method (Subbiah and Asija, 1956).
d) Available soil P

The available phosphorus content of the soil was determined by Dickman and

Bray’s molybdenum blue method using a spectrophotometer (Jackson, 1973).
e) Available soil K

The available potassium content of the soil was determined using neutral normal

ammonium acetate and estimated using a flame photometer (Jackson, 1973).
3.2 GERMINATION ECOLOGY

3.2.1 Experimental details

3.2.1.1 Studies in biology

To study the biology of L. chinensis, 10 plants were randomly selected from the

wetland rice fields of IFSRS, Karamana and observed from germination to maturity.
3.2.1.2 Studies on phenology

Experiments were conducted at the Agronomy field of the College of Agriculture,
Vellayani, Thiruvananthapuram, Kerala, India. Mature seeds of L. chinensis were
collected from lowland rice fields of the IFSRS, Karamana (80 47’ N latitude and 760 96’
E longitude), the rice growing belts of Kuttanad (90 35’ N latitude and 760 40’ E
longitude), Kole (20 30’ N latitude and 320 76’ E longitude) and Palakkad (100 78 N
latitude and 760 65’ E longitude). Panicles were collected from more than 50 arbitrarily
selected plants. Shattered seeds were bulked, cleaned, and stored in airtight plastic

containers at room temperature until used.



Seeds obtained from different rice growing tracts were raised in pots of 27 cm
diameter and 22 cm height filled with soil collected from rice fields (the soil was solarized
to destroy the soil seed bank) to study the phenological phases of the weed plant. Twenty
five seeds of L. chinensis were placed on the surface. The moisture in the pots was

maintained at a saturation level.

Design : Completely randomized design (CRD)
Treatments 4
Replications .5

No. of pots per replication : 3
3.2.1.3 Germination studies
3.2.1.3.1 Studies on the effect of light and temperature on germination

To assess the influence effect of the light regime and varying temperatures on
germination of L. chinensis, 100 seeds were placed inside a petri dish lined with filter
paper and moistened with distilled water (5 ml). The petri dishes were incubated in growth
chambers with fluctuating day/night temperatures (35/25 and 25/15°C) and different light
regimes (light/ dark (12 h/12 h) for day/night environment and dark (24 h) for the
complete no-light environment. These fluctuating temperature regimes were chosen to
replicate temperature variations in the tropics. To prevent light penetration, the petri
dishes in the dark regime were wrapped with three layers of aluminum foil. Seeds with
emerged radicles were considered to have germinated. The number of germinated seeds
was counted at 3 days (d) intervals for upto 15 d (T).

3.2.1.3.2 Studies on the effect of salinity on germination

The effect of salt stress on germination of L. chinensis was determined by placing
20 seeds in petri dishes containing 5 ml solutions of 0, 25, 50, 100, 150, 200, and 250 mM



sodium chloride. NaCl salt with a molecular weight of 58.44 was used to induce salinity.
To assess germination, the petri dishes were placed inside growth chambers under light
conditions. Seeds that did not germinate at the highest salt concentrations were rinsed in
running water for 5 minutes before being re-incuated with 5 ml of distilled water. The

number of germinated seeds was counted for 15 days at 3-d interval.
3.2.1.3.3 Studies on field conditions favourable for the emergence of L. chinensis

The effect of different moisture conditions on seed germination and seedling
emergence was studied in a pot experiment. The pots used in the experiment had 27 cm
diameter and 22 cm height with sealed holes at the bottom and protected with transparent
roofing. The soil used in the experiment was collected from lowland rice fields, solarized
to destroy the soil seed bank and passed through 3 mm sieve. Twenty seeds of L. chinensis
were sown in pots simulating five different field moisture conditions as detailed below.
The number of seedlings emerged was counted at 5, 10, 15, 20, 25 and 30 days after

sowing (DAS) and germination was expressed in percentage.

Design : Completely randomized design (CRD)
Treatments :5
Replications 4

No. of pots per replication : 3
Treatment details

T1 : moist conditions maintained by irrigating on alternate days for a period of one

month

T : lowland with continuous flooding — puddled soil is flooded to 5 cm height

throughout for a period of one month



Ts : lowland conditions with alternate flooding and draining — puddled soil will be

flooded after 5 days alternated with 5 days without flooding for a period of one month

T4 : moist conditions with a thin layer of water (3 cm) maintained by irrigating every
day for a period of one month

Ts : soil irrigated to 5 cm depth once in 15 days

3.2.1.3.4 Studies on the effect of depth of burial and means of propagation on weed

survival

The effect of burial depth on weed survival was determined by conducting a pot
experiment. The pots used in the experiment had 27 cm diameter and 22 cm height with
holes at the bottom. The soil used in the experiment was collected from lowland rice
fields, solarized to destroy the soil seed bank and passed through 3 mm sieve. Twenty
seeds and three double noded slips of L. chinensis were kept at a depth of 0, 2, 4, 6 and
10 cm in pots and was irrigated on alternate days. The number of seedlings with visible
coleoptiles that emerged on the soil surface indicated seedling emergence and was
recorded at three days intervals upto 30 DAS. The emergence of plants from the slips was
also recorded at 3-d intervals upto 30 days.

Design : Completely randomized design (CRD)
Treatments 10
Replications .3

No. of pots per replication : 3
3.2.1.3.5 Studies on seed longevity

Seeds of L. chinensis along with soil were placed in 12 plastic bottles (25 seeds

per bottle) and stored for testing the seed longevity. The seeds were tested for germination



at monthly intervals for a period of one year. The study was conducted by sowing the
seeds in pots of 27 cm diameter and 22 cm height filled with soil collected from rice fields
(the soil was solarized to destroy the soil seed bank) and the germination percentage was
recorded. The experiment started on 7" February 2019 and continued for a period of one

year.
3.2.2 Observations

3.2.2.1 Biometric observations
a) Plant height

The height of 10 L. chinensis plants was measured from the base of the plant to
the tip of the longest leaf or panicle, mean value was worked out and recorded in

centimeters.
b) Number of tillers per plant

The total number of tillers per plant was counted from 10 L. chinensis plants at

maturity and the mean value was recorded.
c) Leaf length

The length of five leaves of each plant was recorded at maturity, mean value was

calculated and expressed in centimeters.
d) Number of panicles per plant

The total number of panicles that emerged from a single plant was recorded at

maturity, and the mean value was calculated from the observations of 10 plants.
e) Number of primary branches of panicle

The total number of primary branches in a single panicle was recorded at maturity,

and the mean value was calculated from the observations of 10 panicles.



f) Length of panicle

The length of panicles was measured from the base of the inflorescence to the tip
at the maturity stage from 10 plants, mean value was calculated and recorded in

centimeters.
g) Seed production capacity

The number of seeds per panicle was counted and from this data, the total number

of seeds per plant was derived.
h) Thousand seed weight

The weight of thousand seeds was measured and expressed in grams.
3.2.2.2 Germination percentage

The number of seeds germinated was counted from the day of the first count to the
last count and the germination percentage worked out using the formula
Number of seeds germinated

Germination percentage = x 100
P g Number of seeds kept for germination

3.2.2.3 Emergence percentage

The number of seedlings with visible coleoptiles that emerged on the soil surface
indicated seedling emergence and the emergence percentage was worked out using the

formula

Number of seedlings emerged
Emergence percentage = x 100
Number of seeds kept for emergence




3.2.2.4 Time of emergence

In the pots, the number of days required for the emergence of weed sprouts was

noticed and expressed in days.
3.2.2.5 Duration of growth stages

The growth stages of the weeds were identified and the duration and the mean
number of days taken for each stage were recorded separately for seeds collected from

each tract and expressed in days.
3.2.2.6 Incidence of pest and disease

The incidence of pests and diseases, if any, during the growing period was noted.
3.2.2.7 Metereological parameters

Data on important meteorological parameters such as rainfall and temperature
prevailed at the time of the experiment 3.2.1.3.3 and 3.2.1.3.4 are furnished in Appendix

I and 11, respectively.

3.3 MANAGEMENT OF L. chinensis IN WET SEEDED RICE
3.3.1 General details

3.3.1.1 Location

The experiment was conducted at IFSRS, Karamana, Thiruvananthapuram,
Kerala, where, a severe infestation of L. chinensis was observed. The field is situated
geographically at 8° 47° N latitude and 76° 96’ E longitude, at an altitude of 40 m above
MSL.



3.3.1.2 Climate and weather conditions

The climate of the area is typical tropical monsoon type with occasionally
excessive rainfall and dry, hot summer with three well defined seasons. Weather data
pertaining to important meteorological parameters were collected from the
agrometeorological observatory at IFSRS, Karamana during both 2018 and 2019. The
data was tabulated based on the standard meteorological weeks, presented in Appendix

[11 and 1V and graphically represented in Fig. 1 and 2.
3.3.1.3 Cropping season

The experiment was conducted for two years during Kharif, from June to October
2018 and 2019.

3.3.1.4 Soil characters

The soil of the experimental site was sandy clay loam with medium texture, acidic
in reaction with a pH of 4.5-6.1. It comes under typic tropofluent deep riverine alluvium.
The physico-chemical properties of the soil of the experimental field are depicted in Table
2.

Table 2. Physico-chemical characteristics of the soil

A. Physical properties (particle size composition) of the soil in the experimental area

SI. No. Fractions Value Textural class Method used
1 sand (%) 61.7
5 silt (%) 9.3 Sandy clay loam Robinson International Pipette

Method (Piper, 1942)
3 clay (%) 28.1




B. Chemical composition/ Initial chemical properties of the soil of the experimental area

. Content
SI. No. Fractions 2018 2019 Method
4.84 556 1:2.5 soil water ratio using pH
1 Soil reaction (pH) | (Very (moderately meter
strongly | cidic) (Jackson, 1973)
acidic) ’
) Electrical conductivity | 0.28 0.19 1:2.5 soil water ratio
(EC), dS m*at 25°C |(normal)| (normal) (Jackson,1973)
. 1.55 2.18 Walkley and Black Method
[0)
3 Organic € (0) | nigh) | (high) (Jackson, 1973)
) i 225.8 175.6 Alkaline permanganate method
1
4 | Available N (kgha™) |\ | (low) (Subbiah and Asija, 1956)
_ . 32 29 Bray colorimetric method
Neutral normal ammonium
450.9 377.6 acetate extraction and estimation
i -1
6 | Available K (kg ha”) (high) (high) using flame photometry
(Jackson, 1973)

3.3.1.5 Cropping history of the experimental site

The experimental site was under wet seeded rice cultivation for the past several
years and was infested with all categories of weed plants, viz., grasses, sedges and broad
leaf weeds (BLWS). Severe infestation of L. chinensis in the fields was experienced in

recent periods only.
3.3.2 Materials
3.3.2.1 Crop variety

The popular rice variety of the state, ‘Uma’ (MO 16) was used in the experimental
fields. It is a medium duration (120-135 days), red kernelled, medium bold, non-lodging,

high yielding rice cultivar suitable for both direct seeding and transplanting during all



seasons (Virippu, Mundakan and Puncha). It is resistant to brown plant hopper and gall

midge and exhibits seed dormancy for upto three weeks.
3.3.2.2 Source of seed

The paddy seeds were procured from IFSRS, Karamana, Thiruvananthapuram,

where, the experiment was laid out.
3.3.2.3 Manures and fertilizers

Well decomposed farmyard manure containing 0.53 per cent N, 0.20 per cent P2Os
and 0.42 per cent K>O was used as the organic source. Fertilizers such as urea (46 per cent
N), Rajphos (20 per cent P,Os) and Muriate of potash (60 per cent K>O) were used for
supplying the nutrients.

3.3.2.4 Herbicides

The following table (Table 3) gives the list and general information about the
herbicides used as per the technical programme. Details are given as per the revised
classification of herbicides based on the site of action (Mallory-Smith and Retzinger,
2003).

Table 3. General information of the herbicides used in the experiment

Trade name and Recommended
Common name ) Chemical family | Site of action dose
formulation 1
(kg ha™)
Oxyfluorfen Goal 23.5EC | Diphenyl ether | Protox enzyme 0.15
Organo
Glyphosate Roundup 41 SL ohosphorus EPSP synthase 0.80
Cyhalofop butyl | Clincher 10 EC Aryloxyphenoxy ACCase 0.08
propionate




Penoxsulam +

i 0,
cyhalofop butyl Vivaya (6% OD) _ ALS + ACCase 0.15
Can;et?];rﬁ Zone Affinity 40 DF | Aryl triazolinone| Protox enzyme 0.02
Bispyribac Nominee Gold | Pyrimidinyl thio-
sodium 10SC benzoate ALS 0.025
Fenoxaprop-p- Ricestar 6.7 EC Aryloxyphenoxy ACCase 0.06
ethyl ' propionate :

3.3.3 Methods

3.3.3.1 Design and Layout

The experimental design, field culture and observations were the same for both

years. The detailed layout plan of the experiment is depicted below.

Design
Treatments : 10
Replications : 3

Plot size

:50mx4.0m

3.3.3.2 Experimental details

The study was conducted from June to October, Kharif 2018 and 2019. The

treatment details are given below:

Treatments

T1 : cyhalofop butyl @ 0.08 kg ha*

T2 : penoxsulam + cyhalofop butyl (6% OD) - commercial formulation @ 0.15 kg ha™*

: Randomized Block Design (RBD)




T3 : cyhalofop butyl @ 0.08 kg ha™* + carfentrazone ethyl @ 0.02 kg ha*

T4 : bispyribac sodium @ 0.025 kg ha

Ts : bispyribac sodium @ 0.025 kg ha + cyhalofop butyl @ 0.08 kg ha*

Te : bispyribac sodium @ 0.025 kg ha + fenoxaprop-p-ethyl @ 0.06 kg ha't
Tz : fenoxaprop-p-ethyl @ 0.06 kg ha'

Ts : stale seedbed fb chemical weeding with glyphosate @ 0.8 kg ha* + oxyfluorfen @
0.15 kg ha* at 15-20 days after land preparation + Ts

To : unweeded control
T1o : hand weeding twice at 20 and 45 DAS
3.3.3.3 Field operations

The details of various field operations, from land preparation to harvest, are given

below.
3.3.3.3.1 Land preparation

The field was thoroughly ploughed with a power tiller, puddled and was uniformly
levelled. After land preparation, the experiment was laid out as per the technical
programme. Raised bunds of 30 cm height and channels of 30 cm width were taken around
each plot and 60 cm wide channels were taken along the length of each block between the
replications. The plot size adopted was 20 m? (5 m x 4 m). A brief layout of the

experimental field is shown in Fig. 3 and 4.
3.3.3.3.2 Sowing

Healthy seeds were soaked in salt water for four hours to remove the chaffy grains

and weedy rice seeds and then soaked for 12-14 hours in water to trigger germination.



The seeds were then taken out and incubated in gunny bags for 32 hours for
sprouting. The sprouted seeds were broadcast in individual plots @ 200 g per plot (100
kg hal).

3.3.3.3.3 Manure and fertilizer application

The crop was fertilized with the recommended dose of FYM (5 t ha?) and
chemical fertilizers. The entire dose of FYM was incorporated at the time of last
ploughing. The fertilizers were applied in three splits @ 90: 45: 45 kg ha™* N: P,Os: K20
as per the package of practices (POP) recommendations for medium duration, high
yielding cultivar Uma (MO 16) (KAU, 2016). The full dose of phosphatic fertilizer was
given as basal. One-third dose each of nitrogen was given as top dressing at 15 DAS,
active tillering (35 DAS) and panicle initiation stages (60 DAS). Potassium was applied
as equal doses at seedling stage (15 DAS) and the panicle initiation stage (60 DAS).

3.3.3.3.4 Water management

Water management was carried out as per the KAU package of practices (POP)
(KAU, 2016).

3.3.3.3.5 Weed management

Weed management was done as per the treatments. The herbicides were applied
at 18 DAS, when weeds reached the 3-4 leaf stage. The spray volume used in the study
was 500 L ha! and herbicides were sprayed with a hand operated knapsack sprayer fitted
with a flat fan nozzle. In stale seedbed treatment, the fields were drained and allowed the
weed seeds to germinate for 15 days, followed by chemical weeding with glyphosate 41%
SL @ 0.8 kg ha! + oxyfluorfen 23.5% EC @ 0.15 kg ha at 15-20 days after land
preparation. Pre germinated rice seeds were sown after draining the field and treatment
T3 was applied later at the 3-4 leaf stage of weed. In hand weeded treatment, manual
weeding was done at 20 and 45 DAS. In the weedy check (unweeded control) plot, no

weed control operation was taken up.
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Fig. 3. Layout of the experimental field, Fig. 4. Layout of the experimental field,
Kharif 2018 Kharif 2019



3.3.3.3.6 Plant protection

Timely plant protection measures were taken as per the POP recommendations of
KAU (KAU, 2016). Stem borer and leaf folder infestation were noticed during the
tillering stage of the crop and one spray of flubendiamide (Fame 480 SC) @ 1 ml 10 L™!
was given against it. Incidence of bacterial leaf blight was noticed during both the crop
seasons after the floods. A combination of copper oxychloride and K-cycline
(3 + 0.5 g LY was applied to prevent further infestation and a prophylactic spray of
Pseudomonas fluorescens @ 20 g L™ was given during 2019. A minor infestation of rice
bugs was also noticed during the grain filling stage, against which fenvalerate (Tatafen
10 EC) was applied.

3.3.3.3.7 Harvest

The rice crop was harvested manually when the grains were at the hard dough
stage and dry. Each net plot was threshed separately followed by winnowing. Threshing
was done mechanically and the produce was cleaned, dried and the grain yield and straw
yield were taken and expressed in kg ha™ on a dry weight basis. During the first year,
2018 Kharif, in stale seedbed treatment, the crop could be harvested 20 days after all other

treatments, but in 2019 Kharif, all the fields were harvested simultaneously.
3.3.4 Observations

3.3.4.1 Observations on weeds

3.3.4.1.1 Count of weeds emerged /survived

Species wise weed count of weeds was taken using a 0.5 m x 0.5 m (0.25 m?)
quadrat and categorized into grasses, broad leaf weeds (BLW) and sedges. The quadrat
was placed at random, and samples were taken from each plot before treatment
application, at 15, 30, 45 days after treatment application (DATA) and were reported as

number per square metre (no. m?).



3.3.4.1.2 Regrowth pattern
The regrowth pattern of the weed was observed 30 days after spraying.
3.3.4.1.3 Dry matter production of weeds

Weed dry weight was recorded at 15, 30, 45 days after treatment application
(DATA) by placing a quadrat of 0.5 m x 0.5 m randomly at two sites in each treatment
plot. The uprooted weeds were cleaned, air-dried and then oven dried at 80 + 5°C until a

constant weight was attained and the dry weight was recorded in g m.
3.3.4.1.4 Nutrient removal

The content and uptake of major nutrients, viz., N, P and K at 15, 30, 45 days after
treatment application were analyzed by standard procedures (Jackson, 1973). The uptake
of N, P and K at 15, 30, 45 days after treatment application was calculated as the product
of the content of these nutrients and the dry weight of weeds sampled and expressed in kg
hal. The total N content of plant samples was determined by the micro kjeldahl digestion
and distillation method. The plant sample was digested in a di-acid mixture and the P
content was determined by the vanado molybdo phosphoric yellow colour method. The
intensity of colour was read using a Spectronic 20 spectrophotometer at 420 nm.

Potassium content in the di-acid digest was estimated using a flame photometer.
3.3.4.1.5 Weed Control Efficiency (WCE)

The weed control efficiency was worked out using the formula suggested by
Upadhyay and Sivanand (1985).

X 100

. (X -Y)
Weed control efficiency, WCE = X

where, X designates weed dry matter production in control plot (unweeded control) and
Y designates weed dry matter production in selected treatment plot whose WCE has to be
computed.



3.3.4.1.6 Weed Index (WI)

The weed index was worked out using the formula suggested by Gill and
Vijayakumar (1969).
X-Y

Weed index, Wl = ——
X

where, X indicates grain yield from the treatment with the least weeds and Y indicates

grain yield from the treated plot for which W1 has to be worked out.
3.3.4.2 Observations on crop
3.3.4.2.1 Phytotoxicity rating

The treated plots were observed closely, and the visual symptoms of herbicide
toxicity on plants were recorded. Phytotoxicity rating of the crop was done on the fourth
and seventh day after herbicide application. Symptoms of injury were graded from 0-5
using the toxicity scale suggested by Thomas and Abraham (2007) and given below in
Table 4.

Table 4. Scale for rating herbicide phytotoxicity in crop and weeds

Rating Effect on weeds Effect on crop
0 None No injury
1 Slight control Slight injury
2 Moderate control Moderate injury
3 Good control Severe injury
4 Very good control Very severe injury
5 Complete control Complete destruction

3.3.4.2.2 Plant height

The height of five plants from each plot was measured from the base of the plant
to the tip of the topmost leaf at 30, 60 DAS and harvest.



At harvest, it was measured from the base of the plant to the tip of the longest

panicle. The mean height was computed and expressed in centimeters.
3.3.4.2.3 Number of tillers m2

In each treatment plot, the tiller count was taken from two spots using a quadrat

of 0.25 m? and was computed as no. m2,
3.3.4.2.4 Number of panicles m~

The total number of panicles in a quadrat of 0.25 m? was counted from each plot,

and the mean was expressed as no. m=.
3.3.4.2.5 Number of grains per panicle

Both filled and unfilled grains from randomly selected panicles were separated

and counted.
3.3.4.2.6 Percentage of filled grains

Grains collected from 10 randomly selected panicles were separated into filled
grains and chaff and counted. The average number of filled grains as well as chaff for a

single panicle was then found out and percentages were worked out.
3.3.4.2.7 Thousand grain weight

One thousand fully filled, bold grains were counted from the produce of each plot

and their weight was recorded in grams.
3.3.4.2.8 Grain yield

Grains from each plot, after winnowing and cleaning, were weighed separately,
and recorded the fresh weight. Grains were dried to 13 per cent moisture content, weighed

and expressed in kg ha™.



3.3.4.2.9 Straw yield

The dry weight of straw from the plot area of each treatment was recorded after

sun drying for three consecutive days and was expressed in kg ha.
3.3.4.2.10 Nutrient uptake at harvest

The content and uptake of major nutrients, viz., N, P and K of rice at harvest were
analyzed by standard procedures (Jackson, 1973). The total N content of plant samples
was determined by the micro kjeldahl digestion and distillation method. The plant sample
was digested in a di-acid mixture and the P content was determined by the vanado
molybdo phosphoric yellow colour method. The intensity of colour was read using a
Spectronic 20 spectrophotometer at 420 nm. Potassium content in the di-acid digest was
estimated using a flame photometer. The nutrient uptake of rice at harvest was calculated

as the product of nutrient content and the plant’s dry weight and expressed in kg ha™.

3.3.4.2.11 B : Cratio

The prevailing labour charge in the locality, the cost of inputs and extra treatment
costs were taken together and gross expenditure was computed and expressed as rupees
per hectare. The price of the paddy and that of straw at current local market prices were
taken as total receipts for computing gross return and expressed as rupees per hectare. The
benefit-cost ratio was worked out by dividing the gross return with the total expenditure
per hectare.

QGross returns

BCR =

Cost of cultivation



3.4 SENSITIVITY OF WEED TO HERBICIDE COMBINATIONS USING WHOLE
PLANT BIOASSAY TECHNIQUE

3.4.1 Experiment details

The study was conducted by sowing seeds of L. chinensis in pots (27 cm diameter
and 22 cm height) filled with soil collected from rice fields (the soil was solarized to
destroy the soil seed bank). Twenty seeds were placed on the soil surface and allowed to
germinate. After one month, 10 seedlings were retained in each pot. The most effective
and economical combinations identified from the third experiment were applied to the
weed at 4-5 leaf stage. Bispyribac sodium @ 0.025 kg ha™* + fenoxaprop-p-ethyl @ 0.06
kg ha was identified as the most effective and economical treatment combination. As
this treatment was on par with bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl @
0.08 kg ha't, penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha* and cyhalofop butyl
@ 0.08 kg hal + carfentrazone ethyl @ 0.02 kg ha, these combinations were also
included in the experiment. The sensitivity of weed to combination herbicides was tested

at their lower and normal doses using the whole plant bioassay technique.
Design : Completely randomized design (CRD)

Treatments : 8

Replications : 3

Treatment details

T1 : bispyribac sodium @ 0.025 kg ha + fenoxaprop-p-ethyl @ 0.06 kg hat
T2 : bispyribac sodium @ 0.020 kg ha + fenoxaprop-p-ethyl @ 0.04 kg hat
Ts : bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl @ 0.08 kg ha

T4 : bispyribac sodium @ 0.020 kg ha* + cyhalofop butyl @ 0.06 kg ha!



Ts : penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha

Te : penoxsulam + cyhalofop butyl (6% OD) @ 0.10 kg ha

Tz : cyhalofop butyl @ 0.08 kg ha! + carfentrazone ethyl @ 0.02 kg ha'*
Ts : cyhalofop butyl @ 0.06 kg ha® + carfentrazone ethyl @ 0.01 kg ha'
3.4.2 Observations

3.4.2.1 Survival rate

The number of plants that remained unaffected after seven days of treatment
application was counted and expressed in percentage.

3.4.2.2 Dry weight

The plants were air dried, placed in paper envelops and oven-dried at 80°C for 48

hours and the dry weights were then recorded.
3.4.2.3 Scoring of phytotoxicity

The treated plots were observed closely, and the visual symptoms of herbicide
toxicity on plants were recorded. The phytotoxicity rating of the weed was done on the
fourth and seventh day after herbicide application. Symptoms of injury were graded from
0-5 using the toxicity scale given by Thomas and Abraham (2007).

3.5 ASSESSMENT OF MODE OF ACTION OF TANK MIX HERBICIDE
COMBINATIONS

3.5.1 Experiment details

The study was conducted by sowing seeds of L. chinensis in pots (27 cm diameter
and 22 cm height) filled with soil collected from rice fields (the soil was solarized to

destroy the soil seed bank).



Twenty seeds were placed on the soil surface and allowed to germinate. After one
month, 10 seedlings were retained in each pot. The experimental design was completely
randomized design with 5 replications. The treatments were applied when the weed
reached 4-5 leaf stage, which included the application of an ALS inhibitor (bispyribac
sodium), ACCase inhibitor (fenoxaprop-p-ethyl) and a combination of ALS and ACCase
inhibitor (bispyribac sodium + fenoxaprop-p-ethyl). A control treatment was also
maintained. The mode of action of the tank mix herbicide combination was assessed by

conducting an amino acid and fatty acid assay.

Design : Completely randomized design (CRD)
Treatments : 4

Replications : 5

Treatment details

T1 : ALS inhibitor alone (bispyribac sodium @ 0.025 kg ha™)

T, : ACCase inhibitor alone (fenoxaprop-p-ethyl @ 0.06 kg ha)

Ts : ALS + ACCase inhibitor (bispyribac sodium @ 0.025 kg ha™* + fenoxaprop-p-ethyl
@ 0.06 kg ha)

T4 : Control
3.5.2 Observations
3.5.2.1 Amino acid content

The amino acid content was estimated using standard procedures (Sadasivam and
Manikam, 2007). Total free amino acids were estimated using ninhydrin reagent.
Ninhydrin is also chemically known as triketohydrindene hydrate. It reacts with amino

acid to give a purple colour complex (Riemann’s purple) with an absorption maximum at



570 nm. Ninhydrin oxidizes the amino acid to aldehyde, releasing carbon dioxide and
ammonia. During the course of the reaction, ninhydrin gets reduced to hydridatin. The
hydridatin form condenses with Ninhydrin in the presence of ammonia to yield a purple

complex.

Tissue sample (1.0 mg) was homogenized in 1mL of phosphate buffer (pH 7.0). It
was then centrifuged at 10,000 rpm for 20 minutes. The supernatant was removed, and
the pellet was resuspended in 1 mL of phosphate buffer (pH 7.0). It was made upto 4 mL
with distilled water and 1 mL of Ninhydrin reagent was added. The contents of the tubes
were mixed by vortexing and were placed in a boiling water bath for 15 minutes. The test
tubes were cooled in cold water and 1 mL of ethanol was added. After cooling, the
absorbance was measured at 570 nm using a UV Visible Spectrophotometer. The

concentration of amino acid was calculated using the standard curve for proline.
3.5.2.2 Fatty acid content

The fatty acid content was estimated using standard procedures (Sadasivam and
Manikam, 2007). The concentration of triglycerides was estimated using the ERBA
Triglycerides kit, Catalogue No - BLT00059 TG 250. To 100 pL of each sample (control,
test), standard and distilled water, 1 mL of reagent solution were added. It was mixed well
and incubated for 10 minutes at 37°C. After incubation, the absorbance of samples and
standards were read at 500 nm against a reagent blank. Fatty acid content was worked out

using the formula:

Absorbance of the sample x Concentration of standard

Triglycerides (mg dL™?) =

Absorbance of standard

[Concentration of standard- 200 mg dL™]



3.6 ASSESSMENT OF DIFFERENTIAL RESPONSE OF GRASS WEEDS TO
BISPYRIBAC SODIUM

3.6.1 Experiment details

The study was conducted by sowing 20 seeds of two weeds, L. chinensis and
Echinochloa colona in pots (27 cm diameter and 22 cm height) filled with soil collected
from rice fields (the soil was solarized to destroy the soil seed bank). Seeds of both weeds
were placed on the soil surface and allowed to germinate. After one month, 10 seedlings
of both weeds were retained in each pot. The plants were treated with 50, 100 and 200 per
cent field recommended dose (FRD) of bispyribac sodium when they reached 4-5 leaf
stage. Three days after treatment with herbicide, the samples were collected and placed

on ice packs for analysis.

3.6.2 Observations

3.6.2.1 Amino acid content
Same asin 3.5.2.1

3.6.2.2 Protein profiling

Protein samples were collected from leaves of all the treatments of both the weeds
three days after treatment application and analyzed by Sodium Dodecyl Sulphate - Poly
Acrylamide Gel Electrophoresis (SDS PAGE).

STATISTICAL ANALYSIS

The data generated from the experiments was subjected to analysis of variance
technique of CRD and RBD using the statistical package WASP (Web Based Agricultural
Statistics Software Package) developed by ICAR-GOA, India.



In experiment 11, the relationship between germination or emergence (%) and time
(T) was identified under various factors, such as light, alternating temperature, salt
concentrations, burial depths and moisture conditions. Suitable non-linear regression
models were fitted and the best fit model was identified using R. A functional three-
parameter sigmoid function was found to be the best fit with an R? value of > 0.99.
Germination resulting from alternating temperatures and different salt concentrations was

modelled as:
G = Gmax/ {1 + e[-(T - T50) / Grate]}

where G is the total germination (%) at time T, Gmax is the maximum germination
(%), T50 is the time required for 50% of maximum germination, and Grate indicates the

slope.

In the case of experiment I11, data on weed count and biomass, which showed wide
variation, were subjected to square root transformation V(x+0.5) to make the analysis of
variance valid (Gomez and Gomez, 1984). Multiple comparisons among treatment means,
where the F test was significant (at 5% level) were done with Duncan’s Multiple Range
Test (DMRT). The pooled analysis was carried out for grain yield, straw yield and B: C

ratio by taking the season as a source of variation in addition to replication and treatment.



Results




4. RESULTS

The investigation entitled “Germination ecology and management of Chinese
sprangletop [Leptochloa chinensis (L.) Nees.] in wet seeded rice” was conducted to study
the germination ecology and to formulate a herbicide based management strategy for
L. chinensis in wet seeed rice (WSR). The data obtained from the experiments are

furnished here in tables after subjecting them to appropriate statistical analysis.
4.1 PHYTOSOCIOLOGICAL SURVEY

The surveys were conducted to document the habitat features, composition and
distribution of L. chinensis in the major rice growing tracts of Kerala viz., Palakkad, Kole
and Kuttanad, after selecting three severely infested padasekharam in each tract. The
information from the surveys was used for studying the influence of agro ecological
conditions on weed flora. The results are furnished below.

4.1.1 Distribution of weed flora

The species wise count of each weed that existed in the surveyed locations was
recorded and based on the data obtained, parameters such as density, frequency,
abundance, relative density, relative frequency, relative abundance and summed

dominance ratio were worked out.
4.1.1.1 Kuttanad tract

The data on the distribution and dominance of weeds in the Kuttanad tract is
depicted in Table 5. A total of 13 weed species were observed in the rice fields, of which
four were grass weeds, three were broad leaf weeds (BLWs), five were sedges and one
was fern. Grass weeds dominated the Kuttanad ecosystem with a summed dominance
ratio (SDR) of 48.41, followed by sedges (27.99), BLWs (16.43) and ferns (7.17).



Out of 13 weed species, Echinochloa stagnina was seen to be the most dominant
in the surveyed areas of the Kuttanad tract, recorded the highest density, frequency,
relative density, relative frequency and SDR, followed by Sacciolepis interrupta and
L. chinensis. L. chinensis was found to be dominated in Karukappadam, Mambuzhakari
and Ramankari padasekharams of the Kutttanad rice tract. The L. chinensis population
was observed abundant in the field bunds, fields adjacent to the bunds, waterways,
marshy areas, waterlogged areas as well as upland areas. The weed was also seen

growing profusely along the inner bunds that separate individual fields.

When the weeds were ranked according to the SDR, 7 weeds, i.e., E. stagnina,
L. chinensis, S. interrupta, Oryza sativa f. spontanea, Monochoria vaginalis,
Cyperus difformis and Fimbristylis miliacea together had a SDR of 73.09, indicating that
more than 70 per cent of the weed flora of Kuttanad rice tracts is constituted by these
weeds. In terms of abundance, S. interrupta, followed by E. stagnina and L. chinensis

were the most abundant than other weed species.

Echinochloa stagnina (SDR - 14.8), S. interrupta (SDR - 13.26) and L. chinensis
(SDR - 13.05) were the dominant weeds in Kuttanad ecosystem, followed by C. difformis
(SDR - 8.95) and F. miliacea (SDR - 8.47) together accounting for 58.53 per cent of the
SDR. These five weeds were present in the majority of the sites surveyed with E. stagnina
with a frequency of 86.67 per cent, S. interrupta and L. chinensis each with a 73.33 per
cent, C. difformis with 66.67 per cent and F. miliacea with a frequency of 60.0 per cent.

Among the BLWSs, M. vaginalis was the most dominant one, occurring in about
53.33 per cent of the sites surveyed with a SDR of 7.26, followed by Limnocharis falva
and Ludwigia hyssopifolia with SDRs of 4.63 and 4.54, respectively. C. difformis was
the most dominant sedge, which occurred in 66.67 percent of the fields surveyed,
followed by F. miliacea, which occurred in 60 per cent of the fields surveyed.
Cyperus haspan, Cyperus iria and Schoenoplectus juncoides occurred in limited areas

only.



Salvinia molesta was the only fern species present in the Kuttanad rice tract and

occupied 40.0 per cent of the area.
4.1.1.2 Kole tract

Table 6 illustrates the information on the distribution and dominance of the weeds
in the Kole tracts. Altogether 17 weeds were identified in the Kole lands, which
comprised of seven grass weeds, five BLWSs, three sedges, one fern and an aquatic plant.
The weed spectrum of Kole lands was dominated by grass weeds with SDR of 57.24,
followed by BLWs (21.5), sedges (16.81) and ferns (2.98). Infestation of L. chinensis
was found in almost all padasekharams of the Kole tract. It was severely infested in the

padasekharams of Alappad Kole, Enamavu Kole and Thiruthumthaadu Kole.

The weed flora of Kole land was found to be dominated by O. sativa f. spontanea,
L. chinensis, Echinochloa colona, S. interrupta, Echinochloa stagnina, C. difformis and
F. miliacea, which together accounted for a SDR of 64.46. Among these,
O. sativa f. spontanea was the most dominant weed (SDR - 13.21), occurred in about
86.67 per cent of the fields surveyed, followed by L. chinensis (SDR - 12.40), which
occurred in about 80 per cent of the areas. E. colona, E. stagnina and S. interrupta were
the other three grass species observed with a frequency of 80, 66.7 and 66.7 per cent,
respectively in the surveyed locations of the Kole tract. E. colona and L. chinensis were
observed to be more frequently occurred (80%). Echinochloa crus-galli and
Isachne miliacea were also present in the surveyed locations, but, their frequency
(33.33%) and SDR (2.99 and 3.57 respectively) were much lower.

Monochoria vaginalis was the most dominant BLW (SDR - 5.12) occurred in 60
per cent of the fields surveyed, followed by Lindernia sp. (SDR - 5.03) and
Limnocharis flava (SDR - 4.58). Ludwigia parviflora had an important position among
the BLW with a frequency of about 60 per cent. A. philoxeroides was another important

BLW with a wide distribution (frequency - 33.33%) in this ecosystem.



Among the sedges, C. difformis was the predominant sedge, having a SDR of
7.11 and occurred in 73.33 per cent of the surveyed areas. F. miliacea constituted a major
portion of the sedge population with a frequency of 73.33 per cent. Cyperus iria was the
other sedge that occurred at a lesser frequency of 40.0 per cent with a SDR of 3.03. As
in the Kuttanad tract, S. molesta was the only fern weed noticed in the surveyed areas of
Kole lands with a wide distribution (frequency - 33.33%). The presence of Cabomba
furcata was also noticed in the Kole tract with a lower density (0.27 m2), frequency
(6.66%) and SDR (1.30).

4.1.1.3 Palakkad tract

The list of weeds identified in the Palakkad tract during Kharif and Rabi, 2018
with data on their distribution and dominance are presented in Table 7 and 8,
respectively. A total of 15 weed species were observed in the rice fields of Palakkad tract
during Kharif, of which six were grass weeds, five were BLWSs and four were sedges.
During Rabi, 12 weeds were observed, of which, five were grass weeds, four were BLW5s
and three were sedges. Grass weeds dominated the weed spectrum of the Palakkad tract
during both Kharif and Rabi, with SDR of 61.18 and 54.3 respectively, followed by
BLWs (22.18 and 24.74) and sedges (19.91 and 20.94).

The analysis of the floristic composition of the Palakkad tract during Kharif
revealed the dominance of weeds like S. interrupta, L. chinensis, E. colona, C. iria,
I. miliacea and L. parviflora together accounting for a SDR of 64.78, indicating that more
than half of the weed problems of this ecosystem are from these weeds. Out of these,
S. interrupta occupied the top position and was the dominant one with a SDR of 23.60,
followed by L. chinensis with a SDR of 17.49. However, during the Rabi season,
L. chinensis dominated the ecosystem with a SDR of 19.04 followed by S. interrupta
(SDR - 14.16). Severe infeststion of L. chinensis was found in the Alathur, Chithali and

Kavasseri padasekharams of the Palakkad rice tract.



Table 5. Distribution and dominance of weed species in surveyed areas of Kuttanad tract

Weed species (Ii:lrsril‘gl) Frec(l;)e;ncy Abundance EA)D) g/(l):) F‘Vg SDR
Grass weeds
Echinochloa stagnina 14.40 86.67 16.62 18.81 12.38 13.20 14.80
Leptochloa chinensis 12.00 73.33 16.36 15.68 10.47 13.00 13.05
Sacciolepis interrupta 12.26 73.33 16.72 16.02 10.47 13.29 13.26
Oryza sativa f. spontanea 5.07 60.00 8.44 6.62 8.57 6.71 7.30
Broad leaf weeds
Limnocharis flava 2.40 46.67 5.14 3.14 6.67 4.09 4.63
Ludwigia hyssopifolia 2.40 40.00 6.00 3.14 5.71 4.77 4.54
Monochoria vaginalis 5.07 53.33 9.50 6.62 7.62 7.55 7.26
Sedges
Cyperus difformis 6.93 66.67 10.40 9.06 9.52 8.26 8.95
Cyperus haspan 2.40 40.00 6.00 3.14 5.71 4.77 4.54
Cyperus iria 1.33 33.33 4.00 1.74 4.76 3.18 3.23
Fimbristylis miliacea 6.40 60.00 10.67 8.36 8.57 8.48 8.47
Schoenoplectus juncoides 1.07 26.67 4.00 1.40 3.81 3.18 2.80
Ferns
Salvinia molesta 4.80 40.00 12.00 6.27 5.71 9.53 7.17

RD — Relative density; RF — Relative frequency; RA — Relative abundance; SDR — Summed dominance ratio




Table 6. Distribution and dominance of weed species in surveyed areas of Kole tract

Weed species ([r?gnzl]t%/) Frec(Jou/oe;ncy Abundance (Ff, /E)) (RO/E) (Fé/g SDR
Grass weeds

Echinochloa colona 9.60 80.00 12.00 11.11 8.82 8.55 9.49
Echinochloa crus-galli 1.60 33.33 4.80 1.85 3.68 3.42 2.99
Echinochloa stagnina 5.33 66.67 8.00 6.17 7.35 5.70 6.40
Isachne miliacea 2.13 33.33 6.40 2.47 3.68 4.56 3.57
Leptochloa chinensis 13.87 80.00 17.33 16.05 8.82 12.35 12.40
Sacciolepis interrupta 9.06 66.67 13.60 10.49 7.35 9.69 9.18
Oryza sativa f. spontanea 15.20 86.67 17.53 17.59 9.56 12.50 13.21
Broad leaf weeds

Alternathera philoxeroides 1.33 33.33 4.00 1.54 3.68 2.85 2.69
Lindernia sp. 3.47 33.33 10.40 4.01 3.68 7.41 5.03
Limnocharis flava 3.20 46.67 6.86 3.70 5.15 4.89 4.58
Ludwigia parviflora 2.40 60.00 4.00 2.78 6.61 2.85 4.08
Monochoria vaginalis 3.73 60.00 6.22 4.32 6.61 4.43 5.12
Sedges

Cyperus difformis 6.40 73.33 7.40 8.09 6.22 7.24 7.11
Cyperus iria 1.60 40.00 4.00 1.85 441 2.85 3.03
Fimbristylis miliacea 5.60 73.33 7.64 6.48 8.08 5.44 6.67
Ferns

Salvinia molesta | 160 | 3333 | 48 | 18 | 368 | 342 | 2098
Others

Cabomba furcata | 027 | 666 | 400 | 031 | 074 | 28 | 130

RD — Relative density; RF — Relative frequency; RA — Relative abundance; SDR — Summed dominance ratio



The predominant BLW species observed in the rice fields of the Palakkad tract
during Kharif consisted of L. parviflora (SDR - 4.69) with a frequency of 46.67 per cent,
followed by Lindernia sp. and Commelina benghalensis with SDR of 3.98 and 3.73,
respectively. Cyanotis auxillaris and Eclipta alba were the other two BLW species with
a frequency of 26.67 per cent and SDR of 3.26 each. During Rabi, L. parviflora,
C. benghalensis, M. vaginalis and Lindernia sp. were observed with a frequency of 33.33,

26.67, 20.0 and 20.0 per cent, respectively.

The sedge population was dominated by C. iria with a SDR of 6.87 and occurred
in 60 per cent of the surveyed areas during Kharif. F. miliacea and S. juncoides were the
other sedge species that occurred in about 40 per cent of the fields surveyed, followed by
C. haspan (frequency - 26.67%), while the density of these weeds was very low, resulting
in low SDR. C. iria, F. miliacea and S. juncoides were the sedges observed during Rabi

season with a density of 2.13, 1.07 and 0.8 m™, respectively.
4.1.2 Habitat analysis

In the major rice tracts of Kerala, i.e., Kuttanad, Kole and Palakkad, habitat
analysis was carried out and expressed in terms of weed vegetation. According to the
results of the survey, there were similarities in weed flora among the rice tracts, which
are geographically far away from each other. The data of the diversity indices calculated
for weed vegetation analysis are presented in Table 9. Appraisal of weed vegetation
analysis indices in different rice tracts of Kerala disclosed the highest weed species
richness (R) of 17 in the Kole tract. The Simpson diversity (D) and Shannon Wiener
diversity (H) were the highest in Kole followed by Kuttanad, i.e., 0.90 and 2.50 and 0.88
and 2.31, respectively, whereas in the Palakkad tract (Kharif), it was 0.80 and 2.09,
respectively. This indicated a high degree of supremacy of one species in the Palakkad

tract and a greater diversity of weed species in the other two tracts.



Table 7. Distribution and dominance of weed species in surveyed areas of Palakkad tract (Kharif)

Weed species (25”:“2’) Frec(Jou/oe;ncy Abundance (Fs /3 (I;I):) 22\) SDR
Grass weeds
Echinochloa colona 3.20 80.00 4.00 5.58 11.65 4.02 7.09
Echinochloa crus-galli 1.60 40.00 4.00 2.79 5.83 4.02 4.21
Isachne miliacea 2.13 46.67 4.57 3.72 6.80 4.60 5.04
Ischaemum rugosusm 1.33 26.67 5.00 2.33 3.88 5.03 3.75
Leptochloa chinensis 13.60 80.00 17.00 23.72 11.65 17.10 17.49
Sacciolepis interrupta 20.27 93.33 21.71 35.35 13.59 21.85 23.60
Broad leaf weeds
Commelina benghalensis 1.33 33.33 4.00 2.33 4.85 4.02 3.73
Cyanotis axillaris 1.07 26.67 4.00 1.86 3.88 4.02 3.26
Eclipta alba 1.07 26.67 4.00 1.86 3.88 4.02 3.26
Lindernia sp. 1.33 20.00 6.67 2.33 291 6.71 3.98
Ludwigia parviflora 1.87 46.67 4.00 3.26 6.80 4.02 4.69
Sedges
Cyperus iria 3.47 60.00 5.78 6.05 8.74 5.81 6.87
Cyperus haspan 1.60 26.67 6.00 2.79 3.88 6.04 4.24
Fimbristylis miliacea 1.87 40.00 4.67 3.26 5.83 4.70 4.59
Schoenoplectus juncoides 1.60 40.00 4.00 2.79 5.83 4.02 4.21

RD — Relative density; RF — Relative frequency; RA — Relative abundance; SDR — Summed dominance ratio




Table 8. Distribution and dominance of weed species in surveyed areas of Palakkad tract (Rabi)

Weed species (Esn:]tg) Fret(q(;)e)ncy Abundance (Fz /IOD) (F;l):) 22‘) SDR
Grass weeds
Echinochloa colona 1.87 40.00 4.67 8.64 9.84 8.05 8.84
Echinochloa crus-galli 1.07 26.67 4.00 4.94 6.56 6.90 6.13
Isachne miliacea 1.07 26.67 4.00 4.94 6.56 6.90 6.13
Leptochloa chinensis 5.60 73.33 7.64 25.93 18.03 13.17 19.04
Sacciolepis interrupta 3.73 53.33 7.00 17.28 13.11 12.08 14.16
Broad leaf weeds
Commelina benghalensis 1.07 26.67 4.00 4.94 6.56 6.90 6.13
Lindernia sp. 0.80 20.00 4.00 3.70 4.92 6.90 5.17
Ludwigia parviflora 1.33 33.33 4.00 6.17 8.20 6.90 7.09
Monochoria vaginalis 1.07 20.00 5.33 4.94 4.92 9.20 6.35
Sedges
Cyperus iria 2.13 40.00 5.33 9.88 9.84 9.20 9.64
Fimbristylis miliacea 1.07 26.67 4.00 4.94 6.56 6.90 6.13
Schoenoplectus juncoides 0.80 20.00 4.00 3.70 4.92 6.90 5.17

RD — Relative density; RF — Relative frequency; RA — Relative abundance; SDR — Summed dominance ratio




With regard to the grass weed flora, the maximum species richness was observed
in Kole lands (7), followed by Palakkad (6) and Kuttanad (4). For grasses, all the diversity
indices displayed discrete variations in the different rice tracts of Kerala. The Simpson
diversity index (D), Shannon Wiener diversity index (H) and the Evenness (J) had the
lowest values for Palakkad, i.e., 0.65, 1.30 and 1.67, respectively (Table 10). For BLWs,
the lowest values for the Simpson diversity index (D), Shannon Wiener diversity index
(H) and the Evenness (J) were displayed for the Kuttanad tract, whereas the same were
the highest for the Palakkad tract. This was reversed in the case of sedges, in which
Kuttanad tract recorded the highest values for all these indices except the Evenness index

().
4.1.3 Characteristics of Leptochloa chinensis ecotypes at flowering

Growth characteristics of L. chinensis ecotypes at flowering were also recorded
during the survey and are presented in Table 11. There were differences in the growth
characteristics across the rice growing tracts and also within the tracts. L. chinensis
collected from the Alathur padasekharam of the Palakkad tract registered the lowest
values for all characteristics, and the Mambuzhakari padasekharam of the Kuttanad tract
recorded the highest values.

The height of L. chinensis plants varied from 84.0 to 152.0 cm, with the highest
mean value of 137.9 cm from the plants in the Mambuzhakari padasekharam of the
Kuttanad tract and the lowest (87.9 cm) from the Alathur padasekharam of the Palakkad
tract. The number of tillers and panicles per plant ranged from 6 to 14 and 3 to 12
respectively, with the highest mean value of 10.4 tillers and 9.3 panicles per plant being
recorded at Mambuzhakari padasekharam. The data on seed production potential of
L. chinensis (7400-33,941 seeds per plant) implied it as a prolific seed producer with the
highest mean value of 23,469 seeds per plant was recorded from Mambuzhakari
padasekharam in the Kuttanad tract.



Table 9. Weed vegetation analysis indices in different rice tracts of Kerala

Palakkad
Indices Kuttanad Kole
Kharif Rabi
Species richness (R) 13.0 17.0 15.0 12.0
Simpson diversity (D) 0.88 0.90 0.80 0.86
Shannon-Wiener diversity (H) 2.31 2.50 2.09 2.25
Evenness (J) 2.07 2.03 1.77 2.08

Table 10. Weed vegetation analysis indices for weed groups in different rice tracts of Kerala

Grasses Broad leaf weeds Sedges
Tract
R D H J R D H J R D H J
Kuttanad 4 10721133220 3 |061 | 133|215 5 ]0.70 | 1.36 | 1.94
Kole 7 1080|174 | 205 | 5 | 078 | 156|223 | 3 |0.59 | 097 | 2.03

Palakkad (Kharif) 6 065|130 | 167 | 5 [079 192|226 | 4 | 0.71 | 1.33 | 2.20

Palakkad (Rabi) 5 1071 | 140|200 | 4 |074 | 137|227 | 3 | 060 | 1.01 | 2.11

R — Species richness; D - Simpson diversity index; H - Shannon-Wiener diversity index; J — Evenness index



Table 11. Characteristics of Leptochloa chinensis ecotypes at flowering

Plant height (cm) No. tillers per No. panicles per No. of seeds per plant
Location plant plant

Mean Range Mean Range Mean Range Mean Range

Alathur | 87.9+10 | 840-930 | 68402 | 6-8 | 47+04 | 3-7 12157‘%'_751 f?fg;g

Palakkad | Chithali | 945+12 | 90.0-10L0 | 84%03 | 7-10| 6003 | 4-7 | 2203 | M4
Kavasseri | 92.2+07 | 89.0-97.0 | 78403 | 7-9 | 5905 | 3-8 | ro20o2® | 515
Alappad | 1157 £27 | 1030-130.0 | 9605 | 7-12| 75%05 |5-10 | “o2% | 125005

Kole | Enamawu | 119.6+2.8 | 100.8-139.7 | 9.8+04 | 8-12 | 85407 |6-12 122%‘(‘)'31 ;ffé696
m{;gltjh“m 109.1+25 | 97.5-120.2 | 7.8+05 | 6-10| 65+05 | 4-9 1391%%'21 ;;fgi%
dKaar;“kappa 130.4+3.0 | 120.9-1480 | 98+07 | 7-13| 86+06 |6-12 2%%)2232 * ffé%?éﬂ
Kuttanad gﬂgrr?b“Zh 137.9+23 | 1303-152.2 | 104407 | 8-14 | 93406 |6-12 23;@23.31 %3311?
Ramankari | 133.6+ 1.4 | 122.7-137.9 | 96+0.6 | 7-12 | 83+06 |5-11 18282%‘:‘))'.321 1226‘%2233




4.1.4 Content of major nutrients in L. chinensis

Collected plant samples from each location were analyzed in the laboratory. The
data on the status of major nutrients (NPK) in L. chinensis from different survey locations
is furnished in Table 12. The average N, P and K content in L. chinensis varied from 1.03
to 1.64, 0.029 to 0.081 and 1.32 to 3 per cent, respectively. The highest average N, P and
K content in L. chinensis was recorded from Thiruthumthadu Kole, Alappad Kole and
Ramankari padasekharam with 1.64, 0.081 and 3.0 per cent, respectively, whereas, the
plants from Kavasseri, Chithali and Mambuzhakari padasekharam recorded the lowest
N, P and K content of 1.03, 0.029 and 1.32 per cent, respectively.

The N, P and K content in L. chinensis samples in the Palakkad tract varied from
1.03 to 1.44, 0.029 to 0.036 and 1.57 to 2.19 per cent, respectively. The highest content
of NPK was recorded from the samples collected from Alathur padasekharam.

Among the surveyed locations in the Kole tract, the average N content in
L. chinensis was the highest (1.64%) in the samples collected from Thiruthumthadu Kole,
whereas the P and K content were the highest in the samples from Alappad and Enamavu
Kole, i.e., 0.081 and 2.12 per cent, respectively. The NPK content in the plant samples
from these locations varied from 1.59 to 1.64, 0.050 to 0.081 and 1.94 to 2.14 per cent.

In the Kuttanad tract, the highest N and K content (1.42 and 3.0%) was registered
in the samples collected from Ramankari padasekharam and the P content was the
highest in the L. chinensis plants from Karukappadam with 0.044 per cent. The average
nutrient content in L. chinensis samples in the Kuttanad tract ranged from 1.10 to 1.42,
0.032 to 0.044 and 1.32 to 3.0 per cent N, P and K, respectively.

4.1.5 Nutrient status of soils

Collected soil samples from each location were analyzed in the laboratory and

the data on soil chemical properties of the surveyed locations is provided in Table 13.



The soil pH of all the surveyed locations exhibited acidic property with a pH of
less than 7 and varied from 3.84 to 6.46. The soil samples collected from the Kuttanad
tract were more acidic (3.84 to 4.41) and the Palakkad soils inclined more towards neutral
pH (5.65 to 6.46). Samples collected from the Kole tract reclined in an acidic range (5.20
to 5.90). The pH status varied among different locations and the average pH recorded
was 6.04, 5.59 and 4.06 in Palakkad, Kole and Kuttanad, respectively.

The electrical conductivity (EC) varied from 0.0003 to 0.0105 dS m™ and was
the highest for Kuttanad soil (0.0054 dS m™) and the lowest for Palakkad soil (0.00096
dS m™). Soil samples collected from the Kole tract registered an average EC of 0.0032
dS m™. Among the different survey locations, Kavasseri in Palakkad tract registered the
lowest EC value of 0.0003 dS m™ and the highest (0.0105 dS m™) was recorded at
Ramankari padasekharam of Kuttanad tract.

The soil collected from Kuttanad was rich in organic carbon and recorded the
highest values in Mambuzhakari padasekharam (4.17%), while it was less than one
per cent in Palakkad soil and recorded the lowest (0.57%) in Chithali soil. Kole soils had
a high status of organic carbon and registered the highest content in Enamavu Kole
(2.21%).

The available soil N content in the surveyed locations varied from 104.53 to 420.0
kg ha. Palakkad, Kole and Kuttanad tracts recorded an average of 132.71, 222.41 and
335.92 kg N ha', respectively. The highest available nitrogen content (420.0 kg ha') was
recorded at Mambuzhakari padasekharam in the Kuttanad tract, followed by Ramankari
in the Kuttanad tract (392.89 kg ha*). Palakkad soil was observed to be low in available
N (132.71 kg ha). The lowest N content (104.53 kg ha™) was recorded in the Chithali
soils of the Palakkad tract.

The available P content in the soil samples was found to be in the medium range
for all the surveyed locations and recorded the highest value of 18.98 kg ha™ in Chithali

padasekharam of the Palakkad tract.



The lowest value (11.24 kg ha'*) was recoreded in Mambuzhakari padasekharam
of the Kuttanad tract. The available P content in the Kole soils was recorded at an average
of 12.94 kg ha't,

A range of low to high status of available soil K was observed in the surveyed
locations and the highest content of 306.6 kg ha’ was recorded in Ramankari
padasekharam of the Kuttanad tract and the lowest content (89.22 kg ha*) was recorded
in Chithali soils. The available K content in the soils from the same tract even showed
variations and ranged from low to high status.

4.2 GERMINATION ECOLOGY

In the present programme, the germination ecology of L. chinensis was studied
with respect to identification of phonological phases, duration of growth stages,
vegetative and reproductive characteristics, incidence of pest and disease and emergence
percentage under different ecological conditions and management practices such as field
conditions, depth of burial and longevity. Apart from this, attempt was also made to study
the biology of L. chinensis, including morphological, biometrical and floral
characteristics, method of propagation, and the effect of environmental factors such as

light, temperature and salinity on germination.
4.2.1 Biology of L. chinensis

To understand the biology of L. chinensis, 10 plants were randomly selected from
the wetland rice fields of Integrated Farming System Research Station (IFSRS),
Karamana, and observations on morphological, biometrical and floral characteristics

were recorded from germination to maturity. The results are presented in Table 14.



Table 12. Content of major nutrients in Leptochloa chinensis from surveyed locations

Location N (%) P (%) K (%)
Alathur 1.44+0.11 0.036 £ 0.008 2.19+0.16
Palakkad Chithali 1.21+0.13 0.029 +0.001 1.57+0.19
Kavasseri 1.03 +£0.05 0.032 + 0.006 1.61 £0.09
Alappad 1.61 +£0.12 0.081 £+ 0.007 2.12+0.08
Kole Enamavu 1.59+0.12 0.058 £0.010 2.14+£0.03
Thiruthumthaadu 1.64 +0.07 0.050 + 0.004 1.94 £0.24
Karukappadam 1.10+£0.13 0.044 +0.003 2.26 £0.56
Kuttanad Mambuzhakari 1.36 £0.15 0.032 +0.003 1.32+£0.12
Ramankari 1.42+0.13 0.041 £ 0.001 3.00 £ 0.09




Table 13. Soil chemical properties of surveyed locations

_ EC oC N P K Soil moisture
Location pH
(@dSmt) | (%) | (kghal) | (kgha') | (kgha?) level

Alathur 6.01 0.0022 0.88 136.82 18.24 119.63 Saturated

Chithali 5.65 0.0004 0.57 104.53 18.98 89.22 -do-
Palakkad

Kavasseri 6.46 0.0003 0.89 156.80 15.11 282.80 -do-

Average 6.04 0.00096 0.78 132.71 17.44 163.88

Alappad 5.20 0.0032 1.59 195.77 12.62 135.71 Submerged
Kole Enamavu 5.69 0.0044 | 2.21 | 247.89 12.61 261.67 -do-

Thiruthumthaadu 5.90 0.0020 1.23 223.58 13.61 179.10 -do-

Average 5.59 0.0032 1.67 222.41 12.94 192.16

Karukappadam 3.94 0.0042 2.92 194.88 12.24 241.19 Submerged

Mambuzhakari 4.41 0.0017 4.17 420.00 11.24 218.40 -do-
Kuttanad

Ramankari 3.84 0.0105 3.56 392.89 11.31 306.60 -do-

Average 4.06 0.0054 3.55 | 335.92 11.59 255.39




4.2.1.1 Morphological characters
a) Habit

L. chinensis was observed to be an erect or creeping annual or perennial grass
that grows upto 120-150 cm in height. It has slender and heavily tufted branches that
bear a multitude of nodes and hollow grooved internodes.

b) Habitat

L. chinensis was commonly seen as associated with wetland rice fields. It was
profusely seen on the field bunds, in areas near the bunds, waterways, marshy areas,
waterlogged areas as well as upland areas. The L. chinensis population was also be
observed to grow both under clayey soils of heavy texture and sandy soils of light

texture.
c) Leaves

The leaves were observed smoother on the upper surface, green in colour with
an alternate arrangement. With a broad and flat petiole, the leaf blade is linear,
membraneous, and lanceolated or rounded at the base and sharp at the tip. The midrib,
which runs parallel to the leaf blade had a distinct white colour. L. chinensis leaves

were lighter in colour and had a smoother texture than rice leaves.
d) Inflorescence

The inflorescence was observed as erect, compact open terminal panicle. The
main axis was 20 to 50 cm long with numerous spikes like flexous, slender branches
arising out of it with pairs of spikelets. Each spikelet carried seeds. The flowering
heads were forked and varied from dark green while young to straw coloured at

maturity.
e) Seeds

The seed were observed to be numerous, minute with a size of about 1.038-
1.112 mm in length and 0.525-0.608 mm in width having a brown colour.



4.2.1.2 Biometric characteristics

Observations recorded to study the biometric characteristics of L. chinensis
are furnished in Table 14. L. chinensis was noticed to be an erect or creeping plant
with high tillering ability. The weed had produced about 4 to 10 tillers per plant.
A stem (culm), which is cylindrical in shape was observed to emerge laterally from
the base of the plant, and had produced numerous nodes (5-8) bearing white fibrous
roots. Pubescentary was observed at internodes and a pinkish tinge was seen at the
enlarged nodal portion. The growth of the culm was found to cease with the arrival
of infloresence. During its life cycle, two to five similar culms were noticed to emerge
producing inflorescence. The culms of L. chinensis were noticed to be erect, slender
and hollow with a circular cross section. At seedling stage, plant height ranged from
15.8 to 21.5 cm, with an average height of 18.65 cm. At the tillering stage, plant
height ranged from 20.2 to 35.5 cm, with a mean height of 27.85 cm. At flowering,
plant height ranged from 49.08 to 66.3 cm, with a mean height of 58.89 cm. The plant
height was maximum at the stage of maturity and ranged from 89.7 to 109.1 cm, with
a mean of 99.1 cm. At maturity, the leaf length varied from 30.1 to 34.7 cm, with a

mean length of 32.58 cm.
4.2.1.3 Floral characteristics

Floral characteristics of L. chinensis were documented and presented in Table
14.

The inflorescence of L. chinensis was noted to be an open panicle that
appeared terminally from the base of the leaf sheath and had the ability to produce
three to seven inflorescences per plant. The length of the panicle ranged from 21.0 to
27.0 with a mean length of 24.0 cm. Each panicle carried numerous ascending slender
flexuous primary branches and the number ranged from 50 to 54, with a mean value
of 52 primary branches per inflorescence. The length of primary branches varied from
3.0to 4.2 cm, with an average length of 3.6 cm. Each primary branch of inflorescence
produced spikelets at the base which were attached to the pedicel. Numerous tiny

brown seeds were observed within each spikelet.



A single spikelet carried four to six flowers which were purplish white in
colour, appressed to the primary branches attached by a rachilla. Each plant was
observed to produce 8304.76 to 29,857.14 seeds with an average of 16951.25 seeds
per inflorescence. The seeds matured from the top to the bottom of the inflorescence

and the dehiscence and dispersal of seeds were found to occur from tip to base.
4.2.1.4 Propagation and spread

The study identified seeds as the major method of propagation in L. chinensis.
Each inflorescence produced numerous seeds which matured at different times. Seeds
positioned at the top of the inflorescence matured first, followed by the seeds at the
middle and bottom of the panicle. Matured seeds were found to shatter within three
to four days and were dispersed by wind and water. The change in the colour of the
inflorescence from purple to brown or straw colour and its dehiscence indicated

maturity of seeds. Seeds do not show dormancy and germinated quickly.

Leptochloa chinensis was noticed to propagate vegetatively by means of slips.
The culm was noted to produce new roots from the nodes and each node gave rise to
primary, secondary or tertiary branches, which were stoloniferous with three to six
nodes having glabrous, smooth, grooved, striate and hollow internodes. Intercultural
operations and mechanical tillage were seemed to aid in the distribution and spread

of these rooted clumps and slips.
4.2.2 Phenology of L. chinensis

To understand the phenology of L. chinensis, observations were recorded
from the pot culture experiments continuously during 2018 and 2019 and the results
are presented in Table 15. The weed was noticed to develop through five phenological
stages, viz., emergence, tillering, heading, flowering and maturity, with an average
duration of 10.6, 41.5, 73.5, 78.5 and 95 days, respectively.

4.2.2.1 Duration of growth stages

Data on the duration of different growth stages of L. chinensis is furnished in
Table 15.



The number of days taken for specific growth stages of L. chinensis recorded

are given below.
a) Days to emergence

In pot experiments, emergence of L. chinensis was noticed on the third day
and continued upto the 18" day after sowing, with an average of 10.6 days for

emergence.

Seeds collected from Kuttanad rice tracts showed emergence from the third
day onwards and continued upto the 14" day after sowing (DAS), with an average of
8.6 days for emergence (Table 15). Emergence was noticed at 3.2 DAS of Palakkad,
Kole and Thiruvananthapuram ecotypes and continued upto 13.2, 18.2 and 16.8 DAS,
respectively. The average number of days for germination initiation was 8.2, 10.7 and
10 days respectively for seeds from Palakkad, Kole and Thiruvananthapuram. In wet
seeded paddy field of IFSRS, Karamana, concomitant emergence of rice and

L. chinensis was observed.
b) Days to active tillering

The stage between seedling emergence and tillering marks the early
vegetative phase. The number of days taken for tillering varied with different
ecotypes and ranged from 35 to 48 days, with an average of 41.5 days (Table 15).
Palakkad ecotypes showed earliness in tillering compared to Kole lands, Kuttanad
and Thiruvananthapuram ecotypes and took 38.6, 43.3, 39.2 and 42.0 days

respectively for active tillering.
c) Days to heading

The number of days to heading ranged from 67 to 80 days, with an average of
73.5 days, and varied with the ecotypes (Table 15). The ecotypes of Palakkad and
Kuttanad took an average of 71.4 and 72.2 days respectively for heading, whereas the
ecotypes of Kole lands and Thiruvananthapuram required a comparatively higher
number of days (74.2 and 75.6 days).



d) Days to flowering

The days to flowering varied from 72 to 85 DAS, with an average of 78.5
days. Flowering in Palakkad ecotypes was noticed on the 74" DAS and extended upto
the 79" day, and the average number of days for flowering was found to be 77.2 days
(Table 15). From heading, the ecotypes of Palakkad took 6 days to flower, whereas it

was 5 days for Kuttanad, Kole and Thiruvananthapuram ecotypes.
e) Days to maturity

Yellowing and drying of the leaves followed by drying up of the stems
represented the stage of final maturity and the end of life cycle. The average number
of days to maturity was found to be 95 days, with a range of 88 to 102 days. The
ecotypes of Palakkad, Kole, Kuttanad and Thiruvananthapuram took 93.9, 97.2, 94.4
and 99.0 days respectively, to attain maturity. L. chinensis was observed to have the
ability to grow continuously from its branches that touches the ground and new tillers
were found to emerge. This has marked the ability of the plant to grow as a perennial
under favourable conditions. Henceforth, the days to attain maturity could not be
substantiated. Plants in the pot culture experiments persisted for more than one year

when favourable conditions (irrigation) were provided.
4.2.2.2 Vegetative and reproductive characteristics of L. chinensis ecotypes

The vegetative and reproductive characteristics of L. chinensis ecotypes of

different rice tracts were recorded and presented below in Table 16.
a) Number of tillers per plant

The tiller production capacity of L. chinensis ecotypes at maturity is depicted
in Table 16. Kuttanad ecotypes produced the maximum number of tillers per plant
and ranged from 7.6 to 9.0, with a mean of 8.33 tillers per plant. The tiller production
capacity of Kole land ecotypes ranged from 7.3 to 8.6 with 8.13 tillers on an average.
The plants of Palakkad and Thiruvananthapuram produced 6.5 to 8.9 and 7.3 to 8.6

tillers per plant with a mean value of 7.96 and 8.06 tillers per plant, respectively.



Table 14. Biometric and floral characteristics of Leptochloa chinensis

Characters Range Average | SEm(z)
Biometric characteristics
Plant height at seedling stage (cm) 15.8-215 18.65 0.61
Plant height at tillering stage (cm) 20.2-355 27.85 151
Plant height at flowering (cm) 49.08 - 66.3 58.89 1.55
Plant height at maturity (cm) 89.7 - 109.1 99.10 1.63
No. of tillers per plant 4.0-10.0 7.00 0.61
Leaf length (cm) 30.1-34.7 32.58 0.16
Floral characteristics
No. of panicles per plant 3.0-7.0 5.20 0.20
Length of panicle (cm) 21.0-27.0 24.0 0.59
No. of primary branches of panicle 50.0 - 54.0 52.00 0.42
No. of flowers in a spikelet 4.0-6.0 5.00 0.27
No. of seeds per plant 8304.76 - 29857.14 | 16951.25 | 2348.53
Thousand seed weight (g) 0.10-0.11 0.105 0.002




Table 15. Phenology of Leptochloa chinensis ecotypes in different rice tracts

ci)rr?aswéh Days Palakkad | Kole | Kuttanad Thlrsl\J/?anr?]ntha CV (%) | SEm(z) (iF;%na%fS) 9:3?35
required
Minimum 3.2 3.2 3.0 3.2 - -
Emergence | Maximum 13.2 18.2 14.2 16.8 - - 3-18 10.6
Mean 8.2 10.7 8.6 10.0 25.36 0.61
Active Minimum 35.5 41.5 35.5 37.5 - - _ e
tillering Maximum 40.5 46.5 44.0 47.5 - - :
Mean 38.6 43.3 39.2 42.0 4.75 0.72
Minimum 68.0 71.0 67.0 70.0 - -
Heading | Maximum | 740 | 760 | 80.0 78.0 i - 67-80 | 735
Mean 71.4 74.2 72.2 75.6 4.77 0.82
Minimum 74.0 77.0 72.0 76.0 - -
Flowering '\ paimum | 790 | 81.0 | 85.0 83.0 - i 72-85 | 785
Mean 77.2 79.2 77.4 80.6 7.49 0.36
Minimum 91.5 95.5 87.5 94.0 - -
Maturity Maximum | 95.5 99.0 | 1015 102.0 - - 88-102 | 95.0
Mean 93.9 97.2 94.4 99.0 3.38 0.24




b) Number of panicles per plant

The number of panicles produced by L. chinensis ecotypes at maturity was
shown in Table 16. The Kuttanad ecotypes generated the maximum number of
panicles per plant, with a range of 6.6 to 8.3 panicles per plant and a mean of 7.53
panicles per plant. The number of panicles per plant in the Kole and
Thiruvananthapuram ecotypes ranged from 5.6 to 7.3 and 6.0 to 7.0, respectively with
a mean of 6.53 panicles per plant. The plants of Palakkad produced a comparatively
lower number of panicles and ranged from 5.3 to 6.3 with an average of 6.06 panicles
per plant.

c) Seed production capacity

The seed production capacity of L. chinensis ecotypes under pot culture is
depicted in Table 16. The plants of the Kuttanad tract produced the maximum number
of seeds per plant and ranged from 7999.13 to 15164.92 with a mean of 11582.02
seeds per plant. The seed production capacity of Kole land ecotypes ranged from
7657.45 to 14118.60 with 10888.02 seeds on an average. The seed production
potential of Palakkad and Thiruvananthapuram ecotypes was comparatively low and
ranged from 6263.95 to 12694.55 and 6433.41 to 14475.17 with a mean of 9479.24
and 10454.29 seeds per plant, respectively.

d) Thousand seed weight

Data on thousand seed weight of L. chinensis ecotypes is shown in Table 16.
The thousand seed weight recorded was the highest for Kole ecotypes and ranged
from 0.165 to 0.18 g with a mean of 0.176 ¢, followed by Kuttanad ecotypes with a
mean value of 0.166 g and varied from 0.155 to 0.17 g. The thousand seed weight of
Palakkad and Thiruvananthapuram ecotypes ecotypes were comparatively low and
ranged from 0.11 to 0.12 and 0.10 to 0.13 g with a mean of 0.115 and 0.116 g,

respectively.



Table 16. Vegetative and reproductive characteristics of Leptochloa chinensis ecotypes in different rice tracts

No. of tillers per No. of panicles per Seed production capacity per | Thousand seed weight
plant plant plant (9)
Location

Range Mean Range Mean Range Mean Range Mean
Palakkad 6.5-8.9 7.96 5.3-6.3 6.06 6263.95-12694.55 | 9479.24 0.11-0.12 0.115
Kole 7.3-8.6 8.13 5.6-7.3 6.53 7657.45-14118.60 | 10888.02 | 0.165-0.18 | 0.176
Kuttanad 7.6-9.0 8.33 6.6-8.3 7.53 7999.13-15164.92 | 11582.02 | 0.155-0.17 0.166
Thiruvananthapuram 7.3-8.6 8.06 6.0-7.0 6.53 6433.41-14475.17 | 10454.29 | 0.10-0.13 0.116
CV (%) 8.66 8.51 29.41 7.14
SEm(=) 0.14 0.16 636.44 0.004




4.2.2.3 Incidence of pest and disease

No diseases were observed during the weed growth stage. The incidence of
aphid species, Aphis gossypi, was noticed at the tillering and grain filling stages. The
incidence of spittle bug was also noticed at the base of the leaf sheath at the late
tillering stage and reproductive stages of the weed.

4.2.3 Germination studies
4.2.3.1 Effect of light and temperature on germination

Perusal of the data revealed that light was not an absolute requirement for
germination in L. chinensis seeds. Seeds under dark conditions also germinated and
recorded maximum germination of 65 per cent at both 35/25 and 25/15°C (Table 17).

When exposed to alternating temperatures in light/dark, L. chinensis seeds
germinated at all the tested temperature ranges. The highest germination occurred at
25/15°C (87.2%) in comparison with 70.31 per cent germination at 35/25°C (Fig. 5).
Seed germination was found to be higher in the temperature regime of 25/15°C,
whereas the temperature regime of 35/25°C had 19 per cent lower germination than
25/15°C. The time to 50 per cent germination in the 25/15°C and 35/25°C temperature
regimes was 7.2 and 8.0 days, respectively (Fig. 5).

4.2.3.2 Effect of salinity on germination

Germination of L. chinensis was not significantly affected by increasing salt
concentrations. A higher germination percentage of atleast 85 per cent was recorded
at all the levels of salinity from 0 to 25 mM (Table 18). However, it decreased with a
further increase in salt concentration. Even though at 150 mM or greater
concentrations of NaCl, more than 40 per cent of the L. chinensis seeds germinated.

The germination was more than 60 per cent upto a concentration of 200 mM NacCl.



The salt concentration required for 50 per cent inhibition of maximum
germination of L. chinensis was 150 mM NacCl. Salt stress delayed the onset of seed
germination. The time to 50 per cent germination increased from 4 to 11 days when
concentrations of NaCl solution were increased from 0 to 200 mM (Fig. 6).

4.2.3.3 Studies on field conditions favourable for emergence
4.2.3.3.1 Emergence percentage

The emergence of L. chinensis seedlings was found to be significantly
influenced by various moisture regime treatments (Table 19a). A higher percentage
of seedling emergence (70%) was observed in pots where moisture conditions were
maintained by irrigating on alternate days (T1) (Table 19b). Seedling emergence at 5
DAS was recorded as 55 per cent in the pots maintained with alternate flooding and
draining (Ts). Later, the emerged plants were killed by subsequent dry conditions
resulted from drainage and further irrigation could not help in seed germination.
Similar results were obtained from pots irrigated to 5 cm depth once every 15 days
(Ts). Only 35 per cent of the seeds emerged at 5 DAS, and the emerged plants were
completely dried during the latter phase of the treatment with no irrigation for a period
of 15 days. No seeds germinated in the pots maintained with continuous flooding (T2)
and also with a thin layer of water (T4). Flooding did not kill any established seedlings

once they emerged.

4.2.3.4 Studies on the effect of depth of burial and means of propagation on weed

survival
4.2.3.4.1 Emergence percentage

Seedling emergence of L. chinensis was significantly affected by seed burial
depth (Table 20a). With increased burial depths, cumulative seedling emergence
decreased. Seedling emergence was observed to be greatest (85%) for seeds placed
on the soil surface (T1), and no emergence was observed at burial depths of 2 cm or
greater (Table 20b).



Table 17. Effect of light and alternating temperatures on seed germination of
Leptochloa chinensis

Time (Days after

Germination (%)

sowing) Light/Dark Dark
35/25°C 25/15°C 35/25°C 25/15°C
3 0 0 0 0
6 30 46.25 10 21.25
9 35 50 10 30
12 65 80 65 65
15 65 80 65 65

Table 18. Effect of salinity on seed germination of Leptochloa chinensis

Germination (%)
Time
(Days after Salinity (NaCl concentration) (mM)
sowing)

0 25 50 100 150 200 250
3 25 10 0 0 0 0 0
6 75 60 20 10 0 0 0
9 85 80 50 35 20 10 10
12 85 80 65 55 45 40 30
15 85 85 70 65 50 50 45




Germination (%)
40 80

0
!

Time (days)

— 25/15°C G =87.2/[1+ e x7223] R2=0.95
— 35/25°C G = 70.3/[1+ e “x-8.00/23] R2=0.96

Fig. 5. Influence of alternating temperature regimes (25/15 and 35/25°C) and
light/dark conditions on germination of Leptochloa chinensis

80

Germination (%)
40

Time (days)

—  0mM, G=285.2/[1+e ®3Y10] R2=0.99
— 25mM, G=822/[1+e 4»10] R2=0.99
50 mM, G = 69.4/[1+ e *75/15] R2=0.99

— 100 mM, G = 65.7/[1+ ¢ (<E8/L7) R2=0.99
— 150 mM, G = 49.5/[1+ e “=249/10] R2=0.99
200 mM, G = 50.8/[1+ e (10/1.0] R2=0 .99

— 250 mM, G = 48.8/[1+ e “*-11:2/15] R2=0.99

Fig. 6. Influence of salinity levels on germination of Leptochloa chinensis



Table 19a. Effect of field conditions on emergence of Leptochloa chinensis

Emergence (%)
(E;r;;)) Moisture regimes

T1 T2 T3 T4 T5
5 50 0 95 0 35
10 65 0 55 0 0
15 70 0 10 0 0
20 70 0 0 0 0
25 70 0 0 0 0
30 70 0 0 0 0

Table 19b. Effect of field conditions on emergence of Leptochloa chinensis at 30 DAS

Emergence
Treatments (%)
at 30 DAS
T1 (I;/Imst conditions maintained by irrigating on alternate 56.94 (70.00)
ays
T2 | Lowland with continuous flooding 0.65 (0.00)

T3 | Lowland conditions with alternate flooding and draining 0.65 (0.00)

T4 | Moist conditions with a thin layer of water (3 cm) 0.65 (0.00)
T5 | Soil irrigated to 5 cm depth once in 15 days 0.65 (0.00)
SEmz. 1.03
CD (0.05) 3.488

Data were arc-sin transformed, actual mean values are given in parentheses.



The surface sown seeds showed germination over a very long period of time,
i.e., certain seeds germinated even after 30 days. The slips showed a more pronounced
emergence of L. chinensis as compared to seeds. Slips placed at the surface resulted
in 100 per cent emergence and the time taken for 50 per cent emergence was increased
with further increases in burial depth. Despite the increase in time taken for
emergence, 100 per cent of slips emerged from a depth of upto 4 cm (Table 20a).
The emergence of both seeds and slips was found to be zero at deeper depths beyond
4 cm. The emergence of new flushes was noticed by the slips buried deep (6 and 10
cm) when they were brought back to the surface through soil overturning after 30

days.
4.2.3.5 Studies on seed longevity

The germination of L. chinensis seed was found to be negatively influenced
by the increase in period of storage (Table 21). The germination percentage was found
to be highest during the first month and declined later. The rate of germination
reached less than 50 per cent after four months of storage. However, the seeds of
L. chinensis remained viable up to nine months after harvest, with a declining
germination percentage over time. Zero germination was recorded after nine months

of seed storage.
4.3 MANAGEMENT OF L. chinensis IN WET SEEDED RICE
4.3.1 Observations on weeds

The observations related to floristic composition of weeds, species wise weed
count, weed dry matter production, nutrient removal by weeds, weed control

efficiency and weed index are presented below.
4.3.1.1 Floristic composition of weeds

The experiments were laid out at IFSRS, Karamana, in sites where, high
infestation of L. chinensis was reported. Weed species present in the experimental
field, collected during first crop season of 2018 and 2019 were identified and

categorized into grasses, broad leaf weeds (BLW), sedges and ferns.



Table 20a. Effect of depth of burial and means of propagation on survival of

Leptochloa chinensis

Burial depth (cm) of soil
Time Seedling emergence from seeds Sprouting from slips
(days) (%) (%)

0 2 4 6 10 0 2 4 6 10
cm|cm | cm | cm | cm [ cm [ cm | cm | cm | cm
3 0 0 0 0 0 0 0 0 0 0
6 45 0 0 0 0 100 | O 0 0
70 0 0 0 0 100 | 50 0 0
12 70 0 0 0 0 100 | 100 0 0
15 80 0 0 0 0 100 | 100 | 50 0 0
18 85 0 0 0 0 100 | 100 | 50 0 0
21 85 0 0 0 0 100 | 100 | 100 | © 0

Table 20b. Effect of depth of burial and means of propagation on survival of
Leptochloa chinensis at 30 DAS

Treatments Emergence/ sprouting (%) at 30 DAS

T1 | Seeds buried at 0 cm depth 67.71 (85.00)
T2 | Seeds buried at 2 cm depth 0.65 (0.00)
T3 | Seeds buried at 4 cm depth 0.65 (0.00)
T4 | Seeds buried at 6 cm depth 0.65 (0.00)
TS5 | Seeds buried at 10 cm depth 0.65 (0.00)
T6 | Slips buried at 0 cm depth 89.35 (100.00)
T7 | Slips buried at 2 cm depth 89.35 (100.00)
T8 | Slips buried at 4 cm depth 89.35 (100.00)
T9 | Slips buried at 6 cm depth 0.65 (0.00)
T10 | Slips buried at 10 cm depth 0.65 (0.00)

SEm+ 1.21

CD (0.05) 3.592

Data were arc-sin transformed, actual mean values are given in parentheses.




Table 21. Effect of period of storage on germination of Leptochloa chinensis

Month Months from the(ls\jlasr'ltE ())f the experiment Germination (%)
March 1 MSE 89
April 2 MSE 85
May 3 MSE 72
June 4 MSE o7
July 5 MSE 34
August 6 MSE 20
September 7 MSE 16
October 8 MSE 9
November 9 MSE 4
December 10 MSE 0
January 11 MSE 0
February 12 MSE 0




The details of the weeds observed in the experimental field are given in Table
22. Fifteen species of weeds were observed in the experimental field all through the
growing season during both the years. The grass weeds comprised L. chinensis,
E. colona, and 1. miliacea. The major BLWs were Sphenoclea zeylanica,
Bergia capensis, M. vaginalis, L. flava, Ludwigia perennis, A. philoxeroides and
Lindernia sp.. The sedges present were C. iria, C. difformis and F. miliacea.
Marsilea quadrifolia was the fern species in the experimental field.Grass weeds were
the most dominant species during the whole crop growth phase followed by BLWs,

sedges and ferns during both the years.
4.3.1.2 Effect of weed management practices on species wise count of weeds

The data on species wise count of weeds emerged before treatment application
during Kharif 2018 and 2019 are given in Table 23 and 24, respectively.
No significant variation in the initial count of weeds emerged before treatment
application was observed durin both the years. During both the years, grass weeds
were the dominant followed by BLWs and sedges, occupying 48.90, 38.87 and 10.37
per cent and 42.63, 34.48 and 22.53 per cent, respectively during 2018 and 2019
(Table 25). Among the grass weeds, L. chinensis was the predominant species, with
the highest count and occupied more than 40 per cent of the grass weed population
during both the years followed by E. colona and I. miliacea. S. zeylanica was the
dominant BLW before treatment application during both the years followed by
B. capensis and M. vaginalis during 2018. L. flava population was also observed
during 2019. The population of sedges was low in the experimental field before

treatment application compared to grasses and BLWS.
4.3.1.2.1 Species wise weed count at 15 days after treatment application

The effect of the weed management practices on species wise weed count at
15 days after treatment application (DATA) in WSR during 2018 and 2019 is
presented in Table 26 and 27. During both 2018 (Table 26) and 2019 (Table 27), the
weed management practices had a considerable impact on the weed count at 15
DATA.



At 15 DATA, grass weeds dominated the unweeded control during both 2018
and 2019 followed by BLWs and sedges, occupied 46.2, 11.95 and 9.24 per cent and
62.3, 25.34 and 12.32 per cent, respectively during 2018 and 2019. Ferns occupied
32.60 per cent in the unweeded control during 2018. L. chinensis occupied 56.47 and

64.83 per cent of the total grass weed population, respectively during 2018 and 2019.

The weed management practices had significant influence on L. chinensis
count at 15 DATA during both 2018 and 2019. At 15 DATA, the count of
L. chinensis was zero in the treatments bispyribac sodium (BS) @ 0.025 kg ha +
fenoxaprop-p-ethyl (FPE) @ 0.06 kg ha™ (Ts), FPE @ 0.06 kg ha™* (T7), stale seedbed
(SSB) fb chemical weeding (Tg) and hand weeding (HW) twice at 20 and 45 DAS
(T10) during both the years. The treatment cyhalofop butyl (CB) @ 0.08 kg ha* +
carfentrazone ethyl (CE) @ 0.02 kg ha? (Ts) also recorded zero population of
L. chinensis during 2018 whereas, a count of 1.33 plants m was observed during
2019. A higher count of 5.33 plants m? was observed in penoxsulam (PS) + CB
(6% OD) @ 0.15 kg ha* (T2) during both the years and was the highest among the
herbicide combination treatments (T2, T3, Ts, Te and Ts). Unweeded control (To)
recorded the highest count of 64 and 78.66 plants m, respectively, followed by BS
@ 0.025 kg ha* (T4) during both the years.

The count of E. colona was zero in all the treatments except CB @ 0.08
kg ha + carfentrazone ethyl @ 0.02 kg ha (Ts), FPE @ 0.06 kg ha (T7) and
unweeded control (Te) at 15 DATA during both 2018 and 2019. The highest count of
37.33 and 29.33 plants m was registered in unweeded control, respectively during
2018 and 2019. Among the herbicidal treatments (T1 to Tg), Tz and T registered
higher count each with 2.66 plants m? during 2018 and 3 and 4 plants m?,
respectively during 2019.

Application of BS @ 0.025 kg ha + FPE @ 0.06 kg ha™* (Ts), FPE @ 0.06 kg
ha! (T7) and SSB fb chemical weeding (Ts) resulted in 100 per cent control of
I. miliacea at 15 DATA during both 2018 and 2019. The highest count of 12.00 and
13.33 m was observed in unweeded control (Tg), respectively during 2018 and 2019
followed by BS @ 0.025 kg ha*+ CB @ 0.08 kg ha* (Ts).



Sphenoclea zeylanica, B. capensis and M. vaginalis were the major BLWSs
occurred in the experimental field at 15 DATA during 2018 and 2019. Application of
BS @ 0.025 kg ha + FPE @ 0.06 kg ha™ (Te) and SSB fb chemical weeding (Ts)
registered zero count of S. zeylanica and B. capensis during both the years. The
treatment PS + CB (6% OD) @ 0.15 kg ha™* (T2) and CB @ 0.08 kg ha™* + CE @ 0.02
kg ha* (T3) also recorded 100 per cent control of S. zeylanica and B. capensis during
2018. Against M. vaginalis, Tg recorded complete control at 15 DATA during both
the years. The treatments T2, BS @ 0.025 kg ha (T4), BS @ 0.025 kg ha'+ CB @
0.08 kg ha (Ts) and Te also recorded zero count of M. vaginalis and 100 per cent

control during 2019.

Sole application of CB @ 0.08 kg ha? (T1) and FPE @ 0.06 kg ha (T7)
resulted in higher count of S. zeylanica, B. capensis and M. vaginalis during both the
years. The tank mix combination of CB @ 0.08 kg ha® + CE @ 0.02 kg ha* (T3)
was not effective in controlling M. vaginalis and resulted in a higher count of 22.66
and 24 m, respectively during 2018 and 2019. L. flava, L. perennis and Lindernia
sp. were also observed in the experimental field at 15 DATA during 2019 and a higher

count was observed in Ty, T7 and unweeded control (To).

Cyperus iria, C. difformis and F. miliacea were the sedge species observed at
15 DATA during 2018 and 2019. At 15 DATA, C. iria population was observed only
in unweeded control (To) during both the years. A higher count of C. difformis was
noted in FPE @ 0.06 kg ha (T7) and CB @ 0.08 kg ha* (T1) during both the years.
BS @ 0.025 kg ha + FPE @ 0.06 kg ha™ (Ts), SSB fb chemical weeding (Ts) and
HW twice at 20 and 45 DAS (T1o) recorded 100 per cent control of C. difformis at 15
DATA during both the years. Application of T1 and T~ alone was not effective against

F. miliacea.
4.3.1.2.2 Species wise weed count at 30 days after treatment application

The effect of the weed management practices on weed count at 30 DATA
during 2018 and 2019 is furnished in Table 28 and 29.



Table 22. Major weed flora observed in the experimental field

COMMON NAME SCIENTIFIC NAME FAMILY MALAYALAM NAME
GRASSES
Chinese sprangletop Leptochloa chinensis Poaceae Kuthiravali/Peelikavada
Jungle rice Echinochloa colona Poaceae Kavada
Blood grass Isachne miliacea Poaceae Changalipullu/Valari/Naringa
BROAD LEAF WEEDS
Goose weed Sphenoclea zeylanica Sphenocleacea Pongolan/Pongati/Pongankala
Water primrose Ludwigia perennis Onagraceae Neer gramboo/Marakkala
White water fire Bergia capensis Elatinaceae Neeru paavila
Pickerel weed Monochoria vaginalis Pontederiaceae Neelolpalam/Kakkappola/Karimkoovalam
Water cabbage Limnocharis flava Limnocharitaceae Nagappola/Malankoovalam
Lindernia Lindernia sp. Linderniaceae -
Alligator weed Alternanthera philoxeroides Amaranthaceae Vellamkanni/Kozhuppa
False daisy Eclipta alba Asteraceae Kayyonni
SEDGES
Rice flat sedge Cyperus iria Cyperaceae Manjakkora
Umbrella sedge Cyperus difformis Cyperaceae Thalekkettan
Globe fringerush Fimbrystylis miliacea Cyperaceae Mangu
FERN

Water clove Marsilea quadrifolia Marsileaceae Neeraral/Naalilakodiyan




Table 23. Count of weeds emerged before treatment application during Kharif 2018, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges Fern
L. E. I S. B. M. Cyperus F. M.
chinensis colona miliacea | zeylanica | capensis | vaginalis spp. milacea | quadrifolia
B 5.09 3.80 259 413 3.43 472 1.17 2.85 1.44
T | cyhalofop butyl @ 0.08 kg ha (26.66) | (14.66) | (8.00) | (22.66) | (12000 | (26.66) | (1.33) | (8.00) (2.66)
1. | penoxsulam + cyhalofop butyl (6% OD) @ 6.04 473 3.14 4.89 3.60 3.52 2.38 2.38 0.70
21 0.15 kg ha'l (40.00) | (22.66) | (21.33) | (33.33) | (13.33) | (16.00) | (5.33) | (6.66) (0.00)
1. | cyhalofop butyl @ 0.08 kg ha™ + 5.64 4.25 0.70 212 3.04 3.06 1.17 2.25 1.64
3 | carfentrazone ethyl @ 0.02 kg ha'™ (32.00) | (18.66) | (0.00) (5.33) (9.33) (12.00) | (1.33) | (9.33) (4.00)
- . . 4.82 3.25 2.45 3.32 2.55 2.85 1.01 1.98 0.70
T4 | bispyribac sodium @ 0.025 kg ha (2533) | (1066) | (8.00) | (10.66) | (6.66) | (8.00) | (4.00) | (6:66) | (0.00)
1. | bispyribac sodium @ 0.025 kg ha + 3.08 3.37 0.70 4.74 3.25 1.08 2.38 1.64 2.59
5 | cyhalofop butyl @ 0.08 kg ha'™ (17.33) | (12.00) | (0.00) (25.33) | (10.66) (6.66) (5.33) | (4.00) (13.33)
1. | bispyribac sodium @ 0.025 kg ha™ + 4.19 413 4.35 2.60 3.25 2.69 1.01 1.44 0.70
® | fenoxaprop-p-ethyl @ 0.06 kg ha'! (20.00) (17.33) (25.33) (14.66) (10.66) (14.66) (4.00) (2.66) (0.00)
1+ | fenoxanrop-p-ethyl @ 0.06 kg ha 491 3.21 117 101 276 2.59 1.44 2.25 0.70
7 prop-p-ethyl @ L.U6 kg (25.33) | (10.66) | (1.33) (4.00) (8.00) (13.33) | (2.66) | (9.33) (0.00)
stale seedbed fb glyphosate @ 0.8 kg ha' + 3.03
Ry 5.04 431 1.82 6.87 3.15 0.70 2.85 0.70
Ts 3"%’:'“0”6“ @0.15kgha“at15-20DALP | o556y | (1866) | (5.33) | (48.00) | (1033) | (000) | (8oo) | 33 (0.00)
o | unweeded control 478 413 477 2.38 276 3.19 117 2.12 0.70
; (24.00) | (17.33) | (24.00) (6.66) (8.00) (12.00) | (1.33) | (5.33) (0.00)
. 5.21 412 2.25 3.83 3.04 4.80 2.56 3.03 0.70
To | hand weeding twice at 20 and 45 DAS 28.00) | (17.33) | (933) | (1466) | (933) | (2666) | (8.00) | (9.33) | (0.00)
SEmz 2.36 1.06 2.98 3.67 0.63 3.02 0.75 1.49 1.39
CD (0.05) - - - - - - - -

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.

DALP — Days after land preparation; DAS — Days after sowing




Table 24. Count of weeds emerged before treatment application during Kharif 2019, no. m

Weed count
Grass weeds Broad leaf weeds Sedges Fern
Treatments A
L. E. l. L. M. S. B. o E. Cyperus F. M.
. . - - . . philoxe - -
chinensis colona miliacea flava vaginalis | zeylanica | capensis roides alba spp. miliacea quadrifolia
350 2.85 144 191 2.85 291 291 0.70 0.70 256 312 0.70
4
Ti | cyhalofop butyl @ 0.08 kg ha 1200) | oo) | (66 | @oo) | (800) | (800) | (800) | (000) | (000) | (800) | (9.33) (0.00)
T penoxsulam + cyhalofop butyl (6% 4.04 272 0.70 191 2.85 2.38 2.17 0.70 0.70 191 371 0.70
OD) @ 0.15 kg ha't (16.00) | (10.66) (0.00) (4.00) (8.00) (5.33) (5.33) | (0.00) | (0.00) | (4.00) | (13.33) (0.00)
1. | cyhalofop butyl @ 0.08 kg ha'™ + 3.86 350 238 238 238 2.59 259 0.70 0.70 2.94 256 0.70
* | carfentrazone ethyl @ 0.02 kg ha't (14.66) | (12.00) (6.66) (6.66) (5.33) (6.66) (6.66) | (0.00) | (0.00) | (10.66) | (8.00) (0.00)
476 2556 164 182 164 191 285 0.70 0.70 238 2.94 0.70
- . .
Ta | bispyribac sodium @ 0.025 kg ha 2266) | (800) | 400) | (533 | 400) | (400) | (®800) | (000) | (0.00) | (6:66) | (10.66) (0.00)
T bispyribac sodium @ 0.025 kg ha* + 458 3.84 1.44 212 2.38 191 217 1.44 0.70 2.38 2.59 0.70
® | cyhalofop butyl @ 0.08 kg ha'* (21.33) | (16.00) (2.66) (5.33) (5.33) (4.00) (5.33) | (2.66) | (0.00) | (6.66) (8.00) (0.00)
T | bispyribac sodium @ 0.025 kg ha™ + 435 4.19 2.38 191 2.85 323 312 0.70 0.70 225 2.85 144
fenoxaprop-p-ethyl @ 0.06 kg ha! (18.66) | (17.33) (6.66) (4.00) (8.00) (10.66) (9.33) | (0.00) | (0.00) | (9.33) | (10.66) (2.66)
T s vl @ 0.06 kg hal 383 2.92 0.70 164 191 191 2.38 0.70 0.70 259 2.76 0.70
7 | fenoxaprop-p-ethyl @ 0.06 kg ha (1466) | (1066) | (0.00) (2.66) (4.00) (4.00) 6.66) | (000) | (0.00) | (6.66) (9.33) (0.00)
T\ E?Ilefgic:/?fudo:?e%lghooi%ti?hg:lsalig 2.94 3.88 1.44 0.70 2.38 3.50 0.70 0.70 0.70 271 238 0.70
1520 DALP + T, (10.66) | (14.66) (2.66) (0.00) (5.33) (12.00) 0.00) | (0.00) | (0.00) | (9.33) (6.66) (0.00)
T ded | 433 238 191 3.66 312 212 1.91 1.44 144 117 329 0.70
9 | unweeded contro (18.66) | (6.66) @.00) | (1466) | (9.33) (5.33) 4.00) | (266) | (266) | (1.33) | (10.66) (0.00)
T hand weeding twice at 20 and 45 4.64 451 191 3.67 2.38 2.65 2.85 2.38 0.70 3.50 3.50 0.70
| DAS (21.33) | (20.00) (4.00) (13.33) (5.33) (6.66) (8.00) | (6.66) | (0.00) | (12.00) | (12.00) (0.00)
SEm+t 1.24 1.45 0.81 1.23 0.65 0.79 0.76 0.58 0.26 1.33 1.13 0.26
CD (0.05) - - - - - - - - - - - -

Data were subjected to square root transformation - Vx-+0.5 and original values are given in parentheses.
DALP — Days after land preparation; DAS — Days after sowing




Table 25. Count of total weeds emerged before treatment application during Kharif 2018 and 2019, no. m

Weed count
Treatments 2018 2019
Grasses BLW Sedges Fern Grasses BLW Sedges Fern
6.99 7.78 3.03 1.44 4.70 5.26 4.18 0.70
-1
T1 | cyhalofop butyl @ 0.08 kg ha (4933) | (61.33) | (9.33) | (266) | (22.66) | (28.00) | (17.33) | (0.00)
T penoxsulam +cyhalofop butyl (6% OD) @ 0.15 8.77 7.80 341 0.70 5.08 4.68 4.18 0.70
2 | kg hat (84.00) (62.66) (12.00) (0.00) (26.66) (22.66) (17.33) (0.00)
T cyhalofop butyl @ 0.08 kg ha* + carfentrazone 7.10 491 2.72 1.64 5.70 5.00 3.78 0.70
* | ethyl @ 0.02 kg ha! (50.66) (26.66) (10.66) (4.00) (33.33) (25.33) (18.66) (0.00)
. . . 6.46 5.02 2.85 0.70 5.67 4.47 3.66 0.70
-1

Ta | bispyribac sodium @ 0.025 kg ha (44.00) | (2533) | (1066) | (0.00) | (3466) | (21.33) | (17.33) | (0.00)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop 5.32 6.38 3.03 2.59 6.31 4.66 3.39 0.70
> | butyl @ 0.08 kg ha'? (29.33) | (42.66) (9.33) (13.33) | (40.00) | (22.66) | (14.66) | (0.00)
T bispyribac sodium @ 0.025 kg ha* + 7.51 6.05 2.29 0.70 6.49 5.58 3.89 1.44
® | fenoxaprop-p-ethyl @ 0.06 kg ha'! (62.66) (40.00) (6.66) (0.00) (42.66) (32.00) (20.00) (2.66)
T, | fenoxaprop-p-ethyl @ 0.06 kg ha* 6.09 4.56 2.98 0.70 4.98 4.06 4.04 0.70
! ! (37.33) | (25.33) | (12.00) (0.00) (25.33) | (17.33) | (16.00) | (0.00)
T stale seedbed fb glyphosate @ 0.8 kg ha + 7.11 7.55 4.19 0.70 5.28 412 3.99 0.70
® | oxyfluorfen @ 0.15 kg ha at 15-20 DALP + T3 | (50.66) | (58.33) | (17.33) (0.00) (28.00) | (17.33) | (16.00) | (0.00)
To | unweeded control 8.08 4.95 2.29 0.70 5.37 6.06 3.45 0.70
’ (65.33) | (26.66) (6.66) (0.00) (29.33) | (38.66) | (12.00) | (0.00)
. . 7.25 7.00 4.05 0.70 6.72 6.30 4.93 0.70
Tao | hand weeding twice at 20 and 45 DAS (54.66) | (50.66) | (17.33) | (0.00) | (45.33) | (40.00) | (24.00) | (0.00)
SEmz+. 4.81 4.10 1.67 1.39 2.15 2.19 1.76 0.26

CD (0.05) - - - - - - - -

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.
BLW — Broad leaf weeds; DALP — Days after land preparation; DAS — Days after sowing



Table 26. Effect of weed management practices on weed count at 15 days after treatment application during Kharif 2018, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges Fern
L. E. l. S. B. M. L C. C. F. M.
chinensis colona miliacea zeylanica | capensis | vaginalis perennis iria difformis | miliacea quadrifolia
T 1.17 0.70 1.17 5.75 5.42 4.64 0.70 0.70 2.92 3.20 2.65
! (1.33) (0.00) (1.33) (40.00) (29.33) (21.33) (0.00) (0.00) (10.66) (10.66) (6.66)
T 2.12 0.70 1.17 0.70 0.70 1.17 0.70 0.70 1.44 0.70 0.70
§ (5.33) (0.00) (1.33) (0.00) (0.00) (1.33) (0.00) (0.00) (2.66) (0.00) (0.00)
T 0.70 1.64 1.17 0.70 0.70 4.76 0.70 0.70 1.44 1.76 1.17
’ (0.00) (2.66) (1.33) (0.00) (0.00) (22.66) (0.00) (0.00) (2.66) (2.66) (1.33)
T 6.50 0.70 1.64 0.70 1.17 1.91 1.34 0.70 2.12 0.70 0.70
‘ (44.00) (0.00) (2.66) (0.00) (1.33) (4.00) (1.33) (0.00) (4.00) (0.00) (0.00)
T 1.64 0.70 1.64 1.17 1.44 1.64 1.34 0.70 1.17 0.70 117
° (2.66) (0.00) (2.66) (1.33) (2.66) (2.66) (1.33) (0.00) (1.33) (0.00) (1.33)
T 0.70 0.70 0.70 0.70 0.70 1.17 0.70 0.70 0.70 0.70 0.70
° (0.00) (0.00) (0.00) (0.00) (0.00) (1.33) (0.00) (0.00) (0.00) (0.00) (0.00)
T 0.70 1.64 0.70 3.53 2.37 5.53 0.70 0.70 3.39 1.76 291
! (0.00) (2.66) (0.00) (13.33) (10.66) (30.66) (0.00) (0.00) (12.00) (2.66) (8.00)
T 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
i (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
T 7.94 6.12 3.53 3.71 2.38 3.12 1.34 1.34 1.17 4.52 8.96
’ (64.00) (37.33) (12.00) (13.33) (5.33) (9.33) (1.33) (1.33) (1.33) (20.00) (80.00)
T 0.70 0.70 1.64 1.17 0.70 1.64 0.70 0.70 0.70 0.70 1.17
10 (0.00) (0.00) (2.66) (1.33) (0.00) (2.66) (0.00) (0.00) (0.00) (0.00) (1.33)
SEm+. 0.54 0.25 0.42 0.66 0.63 0.45 0.07 0.02 0.58 0.21 0.29
CD (0.05) 1.617 0.724 1.252 1.964 1.898 1.341 0.193 0.116 1.745 0.657 0.885

Data were subjected to square root transformation - Vx-+0.5 and original values are given in parentheses.




Table 27. Effect of weed management practices on weed count at 15 days after treatment application during Kharif 2019, no. m

Weed count
Treatment Grass weeds Broad leaf weeds Sedges
reatments L. E. . S, B. M. L. L. Lindernia | C. C. F.
chinensis | colona | miliacea | zeylanica | capensis | vaginalis flava | perennis sp. iria difformis | miliacea
T 1.77 0.70 0.70 4.80 4.80 2.67 291 291 0.70 0.70 3.89 4.52
! (2.66) (0.00) (0.00) (22.66) (22.66) (6.66) (8.00) (8.00) (0.00) (0.00) (14.66) (20.00)
T 2.41 0.70 0.70 0.70 2.12 0.70 0.70 3.13 0.70 0.70 1.34 0.70
2 (5.33) (0.00) (0.00) (0.00) (4.00) (0.00) (0.00) (9.33) (0.00) (0.00) (1.33) (0.00)
T 1.34 2.12 0.70 2.12 0.70 4.94 0.70 0.70 0.70 0.70 1.34 1.34
3 (1.33) (4.00) (0.00) (4.00) (0.00) (24.00) (0.00) (0.00) (0.00) (0.00) (1.33) (1.33)
T 6.03 0.70 0.70 0.70 2.67 0.70 1.17 0.70 0.70 0.70 1.64 0.70
4 (36.00) (0.00) (0.00) (0.00) (6.66) (0.00) (1.33) (0.00) (0.00) (0.00) (2.66) (0.00)
T 1.76 0.70 1.77 0.70 0.70 0.70 0.70 0.70 0.70 0.70 1.77 0.70
° (2.66) (0.00) (2.66) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (2.66) (0.00)
T 0.70 0.70 0.70 0.70 0.70 0.70 0.70 1.77 0.70 0.70 0.70 0.70
6 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (2.66) (0.00) (0.00) (0.00) (0.00)
T 0.70 2.12 0.70 4.79 5.92 4.67 2.65 2.12 3.53 0.70 3.33 452
! (0.00) (4.00) (0.00) (22.66) (34.66) (21.33) (6.66) (4.00) (12.00) (0.00) (10.66) (20.00)
T 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
8 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
T 8.88 5.45 3.70 3.53 3.89 2.90 2.84 1.76 0.70 1.34 2.41 4.20
’ (78.66) (29.33) | (13.33) (12.00) (14.66) (8.00) (12.00) (2.66) (0.00) (1.33) (5.33) (17.33)
T 0.70 0.70 1.34 1.34 1.34 0.70 1.17 0.70 1.77 0.70 0.70 0.70
10 (0.00) (0.00) (1.33) (1.33) (1.33) (0.00) (1.33) (0.00) (2.66) (0.00) (0.00) (0.00)
SEm+. 0.12 0.05 0.08 0.10 0.08 0.09 0.51 0.06 0.04 0.02 0.17 0.09
CD (0.05) 0.372 0.151 0.265 0.335 0.244 0.247 1.536 0.212 0.097 0.116 0.527 0.287

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.



Grass weeds still continued as the dominant category of weed in unweeded
control, comprised 66.66 and 67.75 per cent of the total weed population, respectively
during 2018 and 2019 at 30 DATA followed by BLWs and sedges, occupied 21.26
and 12.1 per cent and 20.09 and 12.15 per cent, respectively. Out of the total grass
weed population, L. chinensis encompassed 67.0 and 61.37 per cent, respectively
during 2018 and 2019.

Hand weeding twice at 20 and 45 DAS (T1o) recorded the lowest count of
L. chinensis (1.33 plants m) during 2018 (Table 28) and was followed by FPE @
0.06 kg ha* (T7). Among the herbicidal treatments (T1 to Ts), T7 registered the lowest
count of 2.66 plants m during 2018 and was followed by CB @ 0.08 kg ha* + CE
@ 0.02 kg ha (T3), BS @ 0.025 kg ha' + FPE @ 0.06 kg ha (T¢) and SSB fb
chemical weeding (Ts), with 4 plants m. During 2019 also, T7 registered the lowest
count of L. chinensis (1.33 plants m2) and was found to be statistically on par with
Te and Tio (Table 29). BS @ 0.025 kg ha (T4) recorded the highest count of
L. chinensis among the herbicidal treatments with 80 and 58.66 plants m?,

respectively during 2018 and 2019.

Echinochloa colona was not present in the treatments PS + CB (6% OD) @
0.15 kg ha* (T2), BS @ 0.025 kg ha* + FPE @ 0.06 kg ha™* (Ts) and HW twice at 20
and 45 DAS (T1o) at 30 DATA during both the years. A count of zero was also
recorded in BS @ 0.025 kg ha® (T4) and BS @ 0.025 kg ha*+ CB @ 0.08 kg ha!
(Ts) during 2018 and in the treatment SSB fb chemical weeding (Ts) during 2019.
Tank mix combination of CB @ 0.08 kg ha® + CE @ 0.02 kg ha (T3) recorded the
highest count of E. colona during 2018 and was on par with unweeded control (Ty),
recorded a count of 6.66 and 5.33 plants m, respectively. Both T7 and Ts registered
higher counts of E.colona at plants m? among the herbicidal treatments (T1 to Ts)
during 2019.

The count of I. miliacea was found to increase in all the treatments at 30
DATA compared to 15 DATA. At 30 DATA, unweeded control (Tg) recorded the
highest count of I. miliacea and HW twice at 20 and 45 DAS (T10) recorded the lowest
count of zero during both the years.



Among the herbicidal treatments (T: to Tg), FPE @ 0.06 kg hat (Tv)
effectively controlled I. miliacea at 30 DATA and recorded the lowest count (1.33
and 0 m, respectively during 2018 and 2019), while, the control was poor with the
sole application of CB @ 0.08 kg ha (T1) and BS @ 0.025 kg ha (T4). Application
of PS + CB (6% OD) @ 0.15 kg ha (T>) was also found to be less effective against

I. miliacea.

Sphenoclea zeylanica, B. capensis, M. vaginalis, L. flava, L. perennis and
Lindernia sp. were the BLWSs observed at 30 DATA. Application of BS @ 0.025
kg ha' (T4), BS @ 0.025 kg ha* + FPE @ 0.06 kg ha (Ts), BS @ 0.025 kg ha* +
CB @ 0.08 kg ha* (Ts) and HW twice at 20 and 45 DAS (T10) ensured better control
of S. zeylanica, B. capensis and M. vaginalis at 30 DATA. A higher count of
M. vaginalis was observed in CB @ 0.08 kg ha™* + CE @ 0.02 kg ha (T3) and SSB
fb chemical weeding (Ts) during both the years at 30 DATA. The treatments CB @
0.08 kg ha (T1) and FPE @ 0.06 kg ha™* (T7) recorded the lowest control of these
weeds during both the years. A higher count of L. perennis was observed in T»
(10.66 m) and T7 (13.33 m) among the herbicidal treatments (T to Ts) during 2019.

Ready mix combination of PS + CB (6% OD) @ 0.15 kg ha (T2), tank mix
combination of BS @ 0.025 kg ha + FPE @ 0.06 kg ha* (Ts) and HW twice at 20
and 45 DAS (T1o) registered complete control of C. iria, C. difformis and F. miliacea
at 30 DATA during both the years. BS @ 0.025 kg ha*+ CB @ 0.08 kg ha™* (Ts) also

recorded zero count of C. iria, C. difformis and F. miliacea during 2019.
4.3.1.2.3 Species wise weed count at 45 days after treatment application

The effect of the weed management practices on species wise weed count at
45 DATA in WSR during 2018 and 2019 is documented in Table 30 and 31. At 45
DATA also, grass weeds dominated the weed spectrum in unweeded control with
87.40 and 75.0 per cent of the total weed population, respectively during 2018 and
2019 followed by BLWSs, comprised of 10.23 and 25.0 per cent, respectively.
L. chinensis dominated the grass weed spectrum in unweeded control during both the

years and engrossed 81.08 and 56.41 per cent, respectively during 2018 and 2019.



Fenoxaprop-p-ethyl @ 0.06 kg ha (T7) recorded the lowest count of
L. chinensis (4 plants m) during both the years and was significantly superior to rest
of the treatments during 2018. However CB @ 0.08 kg ha® (T1), CB @ 0.08 kg ha'
+ CE @ 0.02 kg ha' (T3), BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha (Ts) and SSB fb
chemical weeding (Ts) with average count of 5.33 m2 was statistically on par with T7
during 2019. The highest count of L. chinensis was noticed in unweeded control
(120 and 88 plants m™, respectively during 2018 and 2019), followed by BS @ 0.025
kg ha! (T4) with 81.33 and 64 plants m, respectively.

The count of E. colona was zero in ready mix formulation of PS + CB (6%
OD) @ 0.15 kg ha* (T2) during 2018 and BS @ 0.025 kg ha' + FPE @ 0.06 kg ha
(Te), SSB fb chemical weeding (Ts) and HW twice at 20 and 45 DAS (T10) during
2019. Unweeded control (Tg) recorded the highest count (12 m) of E.colona during
2018 and was on par with CB @ 0.08 kg ha* + CE @ 0.02 kg ha* (T3) with 8 plants
m-2. During 2019, T3 recorded the highest count of E. colona amongst the herbicidal
treatments and was on par with FPE @ 0.06 kg ha™ (T7) and CB @ 0.08 kg ha™ (T),
recorded a count of 5.33, 4 and 2.66 m, respectively.

At 45 DATA, the count of I. miliacea was found to be increased in all the
treatments compared to 30 DATA. During both the years, application of FPE @ 0.06
kg ha (T7) and BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha™® (Te) resulted in lower count
of 1.33 and 2.66 m and 5.33 and 6.66 m, respectively during 2018 and 2019. Hand
weeding twice at 20 and 45 DAS (T10) with 1.33 m2was on par to T7 and Te during
both the years. CB @ 0.08 kg ha (Ts) recorded the highest count of I. miliacea with
45 plants m during 2018.

Sphenoclea zeylanica, B. capensis, M. vaginalis, L. flava, L. perennis and
Lindernia sp. were the BLWSs noted at 45 DATA. Application of BS @ 0.025
kg ha* (T4) recorded zero count of S. zeylanica, B. capensis, M. vaginalis and L. flava
and ensured 100 per cent control at 45 DATA during both the years. It was observed
that the tank mix combination of BS @ 0.025 kg ha' + FPE @ 0.06 kg ha™ (Te)

resulted in lower count of S. zeylanica, B. capensis, M. vaginalis, L. flava, L. perennis



and Lindernia sp., registered a count of 2.66, 1.33, 1.33, 2.66, 2.66 and zero,
respectively during 2018 and ensured 100 per cent control during 2019.

Application of SSB fb chemical weeding (Ts), FPE @ 0.06 kg ha™* (T7) and
CB @ 0.08 kg ha + CE @ 0.02 kg ha* (T3) couldn’t control M. vaginalis during
both the years and recorded higher counts of 17.33, 5.33 and 5.33 m during 2018
and 26.66, 25.33 and 36 plants m during 2019. Among the herbicide combinations
(T2, T3, Ts, Te and Tg), a higher count of L. perennis was observed in ready mix
formulation of PS + CB (6% OD) @ 0.15 kg ha* (T2), recorded 8 and 9.33 m?,
respectively during 2018 and 2019. At 45 DATA, the population of L. flava under Tsg
was the highest among the herbicidal combinations and recorded a count of 8 and
10.66 m, respectively 2018 and 2019.

Application of PS + CB (6% OD) @ 0.15 kg ha* (T2), BS @ 0.025 kg ha'
(T4), BS @ 0.025 kg hat + FPE @ 0.06 kg ha™ (Ts) and HW twice at 20 and 45 DAS
(T10) recorded zero count of C. iria, C. difformis and F. miliacea at 45 DATA and
obtained complete control during both 2018 and 2019. BS @ 0.025 kg ha® + CB @
0.08 kg ha* (Ts) also recorded 100 per cent control of these sedges during 2019. CB
@ 0.08 kg ha* (T1) and SSB fb chemical weeding (Ts) registered higher count of
C .iria during both the years with 17.33 and 34.66 plants m during 2018 and 8 plants
m-2 in each during 2019. The population of C. difformis was reduced towards the later
stage of the crops in all the treatments during both the years.

4.3.1.3 Effect of weed management practices on total weed count

The effect of weed management practices on total weed count of grass weeds,
BLWs and sedges at different stages of crop growth was statistically analysed and
presented in Table 32 to 34.

4.3.1.3.1 Effect of weed management practices on weed count at 15 DATA

Weed management practices had a significant effect on the total count of grass
weeds, BLWs and sedges at 15 DATA during both 2018 and 2019 and the data is
furnished in Table 32.



Table 28. Effect of weed management practices on weed count at 30 days after treatment application during Kharif 2018, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges
L. E. I S. B. M. L. L. Lindernia C. C. F.
chinensis | colona | miliacea | zeylanica | capensis | vaginalis | flava | perennis sp. difformis iria miliacea

T, 2.27 1.77 1.76 2.67 2.38 2.40 291 2.12 0.70 1.34 1.17 2.12
(5.33) (2.66) (2.66) (6.66) (5.33) (5.33) (8.00) (4.00) (0.00) (1.33) (1.33) (4.00)

T, 3.05 0.70 2.12 1.34 1.64 1.34 0.70 1.77 2.12 0.70 0.70 0.70
(9.33) (0.00) (4.00) (1.33) (2.66) (1.33) (0.00) (2.66) (4.00) (0.00) (0.00) (0.00)

T 2.00 2.66 1.17 2.67 2.38 291 1.77 1.34 2.40 1.77 0.70 1.77
(4.00) (6.66) (1.33) (6.66) (5.33) (8.00) (2.66) (1.33) (5.33) (2.66) (0.00) (2.66)

T, 8.94 0.70 1.76 0.70 0.70 0.70 0.70 2.12 1.34 2.38 0.70 1.34
(80.00) (0.00) (2.66) (0.00) (0.00) (0.00) (0.00) (4.00) (1.33) (5.33) (0.00) (1.33)

Te 2.57 0.70 1.64 0.70 0.70 0.70 1.91 1.17 0.70 1.34 0.70 1.34
(6.66) (0.00) (2.33) (0.00) (0.00) (0.00) (4.00) (1.33) (0.00) (1.33) (0.00) (1.33)

T 2.00 0.70 1.34 1.34 0.70 0.70 0.70 1.46 0.70 0.70 0.70 0.70
(4.00) (0.00) (1.33) (1.33) (0.00) (0.00) (0.00) (1.66) (0.00) (0.00) (0.00) (0.00)

T 1.62 2.12 1.17 2.67 2.11 2.40 2.12 1.91 2.67 3.53 0.70 3.53
(2.66) (4.00) (1.33) (6.66) (4.00) (5.33) (4.00) (4.00) (6.66) (12.00) | (0.00) (12.00)

Te 2.00 1.76 1.76 1.76 0.70 2.67 2.12 0.70 291 0.70 5.20 6.96
(4.00) (2.66) (2.66) (2.66) (0.00) (6.66) (4.00) (0.00) (8.00) (0.00) | (26.66) | (48.00)

T, 10.19 2.40 6.75 5.56 3.12 2.40 2.12 0.70 0.70 3.53 1.91 3.53
(104.00) (5.33) (45.33) (30.66) (9.33) (5.33) (4.00) (0.00) (0.00) (12.00) | (4.00) (12.00)

Tio 1.13 0.70 0.70 1.34 0.70 0.70 0.70 2.12 1.76 0.70 0.70 0.70
(1.33) (0.00) (0.00) (1.33) (0.00) (0.00) (0.00) (4.00) (2.66) (0.00) (0.00) (0.00)

SEmz. 0.10 0.09 0.28 0.15 0.20 0.09 0.20 0.25 0.08 0.10 0.24 0.06
CD (0.05) 0.338 0.281 0.847 0.468 0.592 0.240 0.608 0.756 0.262 0.311 0.744 0.177

Data were subjected to square root transformation - Vx-+0.5 and original values are given in parentheses.




Table 29. Effect of weed management practices on weed count at 30 days after treatment application during Kharif 2019, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges
L. E. l. S. M. L. L. Lindernia B. C. C. F.
chinensis | colona | miliacea | zeylanica | vaginalis | flava | perennis sp. capensis iria | difformis | miliacea
T 2.12 1.34 2.41 5.07 3.71 4.04 2.41 5.07 3.88 3.33 241 6.56
! (4.00) (1.33) | (5.33) (25.33) (13.33) | (16.00) | (5.33) (25.33) (14.66) | (10.66) | (5.33) (42.66)
T 2.85 0.70 212 1.34 0.70 0.70 3.33 3.88 291 0.70 0.70 0.70
§ (8.00) (0.00) | (4.00) (1.33) (0.00) (0.00) | (10.66) (14.66) (8.00) | (0.00) (0.00) (0.00)
T 2.12 1.91 2.12 2.40 4.52 291 0.70 291 3.53 3.33 2.12 3.13
* (4.00) (4.00) | (4.00) (5.33) (20.00) | (8.00) | (0.00) (8.00) (12.00) | (10.66) | (4.00) (9.33)
T 7.69 1.34 3.33 1.77 0.70 0.70 0.70 5.46 0.70 0.70 1.91 0.70
¢ (58.66) | (1.33) | (10.66) (2.66) (0.00) (0.00) | (0.00) (29.33) (0.00) | (0.00) (4.00) (0.00)
T 2.65 1.34 3.52 1.34 0.70 0.70 0.70 5.07 1.77 0.70 0.70 0.70
> (6.66) (1.33) | (12.00) (1.33) (0.00) (0.00) | (0.00) (25.33) (2.66) | (0.00) (0.00) (0.00)
T 1.64 0.70 241 1.77 0.70 0.70 1.34 5.07 0.70 0.70 0.70 0.70
6 (2.66) (0.00) | (5.33) (2.66) (0.00) (0.00) | (1.33) (25.33) (0.00) | (0.00) (0.00) (0.00)
T 1.17 2.12 0.70 6.34 2.67 3.33 3.69 8.09 6.24 1.34 3.71 7.24
! (1.33) (4.00) | (0.00) (42.66) (6.66) | (10.66) | (13.33) (65.33) (38.66) | (1.33) | (13.33) | (52.00)
T 212 0.70 2.40 0.70 5.06 3.13 0.70 1.76 0.70 212 0.70 3.70
8 (4.00) (0.00) | (5.33) (0.00) (25.33) | (9.33) | (0.00) (2.66) (0.00) | (4.00) (0.00) (13.33)
T 10.91 7.05 5.08 3.86 2.40 1.76 3.51 4.01 2.67 3.53 1.76 4.52
’ (118.66) | (49.33) | (25.33) | (14.66) (5.33) (2.66) | (12.00) (16.00) (6.66) | (12.00) | (2.66) (20.00)
T 1.76 0.70 0.70 0.70 0.70 0.70 1.34 0.70 0.70 0.70 0.70 0.70
10 (2.66) (0.00) | (0.00) (0.00) (0.00) (0.00) | (1.33) (0.00) (0.00) | (0.00) (0.00) (0.00)
SEmxz. 0.28 0.21 0.08 0.39 0.10 0.10 0.14 0.20 0.13 0.05 0.20 0.10
CD (0.05) 0.835 0.667 0.255 1.186 0.317 0.329 0.450 0.629 0.389 0.173 0.613 0.335

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.




Table 30. Effect of weed management practices on weed count at 45 days after treatment application during Kharif 2018, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges Fern
L. E. I S. B. M. L. L. Lindernia C. C. F. M.
chinensis | colona | miliacea | zeylanica | capensis | vaginalis | flava | perennis sp. iria difformis | miliacea | quadrifolia
T 3.05 2.38 4.94 3.52 3.71 0.70 4.49 4.49 0.70 3.60 0.70 4.04 1.91
(9.33) (5.33) | (24.00) | (12.00) | (13.33) | (0.00) | (21.33) | (21.33) (0.00) | (17.33) | (0.00) | (16.00) (4.00)
T, 4.15 0.70 3.53 2.67 2.67 1.17 1.34 291 1.17 0.70 0.70 0.70 0.70
(17.33) | (0.00) | (12.00) | (6.66) (6.66) (1.33) (1.33) | (8.00) (1.33) (0.00) (0.00) (0.00) (0.00)
T, 3.44 2.91 4.80 1.34 0.70 2.12 1.34 1.17 1.17 4,52 1.34 2.56 2.56
(12.00) | (8.00) | (22.66) | (1.33) (0.00) (5.33) (1.33) | (1.33) (1.33) | (28.00) | (1.33) (8.00) (8.00)
Ta 9.01 2.12 291 0.70 0.70 0.70 0.70 2.38 0.70 0.70 0.70 0.70 0.70
(81.33) | (4.00) | (8.00) (0.00) (0.00) (0.00) (0.00) | (5.33) (0.00) (0.00) (0.00) (0.00) (0.00)
T 3.05 1.76 6.76 2.91 3.32 0.70 2.12 0.70 4.19 0.70 1.34 3.86 5.66
(9.33) (2.66) | (45.33) | (8.00) | (10.66) | (0.00) (4.00) | (0.00) (17.33) | (0.00) (1.33) | (20.00) (45.33)
T 2.57 1.17 1.64 1.77 1.34 1.17 1.64 1.64 0.70 0.70 0.70 0.70 5.93
6 (6.66) (12.33) | (2.66) (2.66) (1.33) (1.33) (2.66) | (2.66) (0.00) (0.00) (0.00) (0.00) (36.00)
T 2.00 2.65 1.17 1.73 1.34 2.12 4.66 3.19 3.12 0.70 2.91 0.70 2.56
(4.00) (6.66) | (1.33) (2.66) (1.33) (5.33) | (21.33) | (13.33) (9.33) (0.00) (8.00) (0.00) (8.00)
T 3.05 2.38 241 1.34 2.12 4.21 2.12 0.70 3.19 5.91 0.70 8.31 0.70
8 (9.33) (5.33) | (5.33) (1.33) (4.00) | (17.33) | (8.00) | (0.00) (13.33) | (34.66) | (0.00) | (69.33) (0.00)
T 10.95 3.53 4.05 2.91 2.40 2.12 0.70 0.70 0.70 0.70 0.70 0.70 2.12
® (120.00) | (12.00) | (16.00) | (8.00) (5.33) (4.00) (0.00) | (0.00) (0.00) (0.00) (0.00) (0.00) (4.00)
Tio 3.05 1.34 1.17 0.70 0.70 0.70 0.70 3.12 4.80 0.70 0.70 0.70 1.17
(9.33) (2.33) | (1.33) (0.00) (0.00) (0.00) (0.00) | (9.33) (22.66) | (0.00) (0.00) (0.00) (2.33)
SEm+. 0.11 0.22 0.27 0.11 0.12 0.40 0.54 0.55 0.50 0.76 0.05 0.66 1.00
CD (0.05) | 0.337 0.669 0.837 0.379 0.377 1.194 1.617 1.656 1.504 2.260 0.161 1.987 2.977

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.




Table 31. Effect of weed management practices on weed count at 45 days after treatment application during Kharif 2019, no. m

Weed count
Treatments Grass weeds Broad leaf weeds Sedges
L. E. l. S. M. L. L. Lindernia B. C. C. F.
chinensis | colona | miliacea | zeylanica | vaginalis | flava | perennis sp. capensis | iria | difformis | miliacea
T 2.17 1.76 3.50 5.31 4.37 3.32 2.76 3.66 5.24 2.59 0.70 4.69
! (5.33) (2.66) | (12.00) | (33.33) (18.66) | (12.00) | (9.33) (17.33) (38.66) | (8.00) | (0.00) (22.66)
T 3.71 1.34 4.98 0.70 0.70 1.17 3.12 0.70 1.17 0.70 0.70 0.70
2 (13.33) | (1.33) | (25.33) (0.00) (0.00) (1.33) (9.33) (0.00) (1.33) | (0.00) | (0.00) (0.00)
T 2.38 2.38 3.45 1.44 5.66 1.44 0.70 0.70 1.17 1.17 1.34 0.70
* (5.33) (5.33) | (12.00) (2.66) (36.00) | (2.66) (0.00) (0.00) (1.33) | (1.33)| (1.33) (0.00)
T 8.01 1.17 4.98 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
! (64.00) | (1.33) | (25.33) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) | (0.00) | (0.00) (0.00)
T 2.91 1.34 3.86 0.70 0.70 1.17 1.17 1.64 0.70 0.70 0.70 0.70
> (8.00) (1.33) | (14.66) (0.00) (0.00) (1.33) (1.33) (4.00) (0.00) | (0.00) | (0.00) (0.00)
T 2.41 0.70 2.38 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
0 (5.33) (0.00) | (5.33) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) | (0.00) | (0.00) (0.00)
T 2.12 2.12 2.65 3.18 4.18 2.65 2.65 3.39 7.37 1.64 0.70 3.06
! (4.00) (4.00) | (6.66) (10.66) (25.33) | (6.66) (6.66) (14.66) (56.00) | (4.00) | (0.00) (9.33)
T 2.38 0.70 4.33 0.70 5.08 2.94 1.44 0.70 0.70 2.85 0.70 4.21
K (5.33) (0.00) | (18.66) (0.00) (26.66) | (10.66) | (2.66) (0.00) (0.00) | (8.00) | (0.00) (17.33)
T 9.39 5.55 6.02 2.59 0.70 3.23 2.85 0.70 3.30 0.70 0.70 0.70
° (88.00) | (30.66) | (37.33) (9.33) (0.00) | (10.66) | (8.00) (0.00) (24.00) | (0.00) | (0.00) (0.00)
T 291 0.70 1.17 0.70 0.70 0.70 0.70 0.70 2.12 0.70 0.70 1.34
10 (8.00) (0.00) | (1.33) (0.00) (0.00) (0.00) (0.00) (0.00) (5.33) | (0.00) | (0.00) (1.33)
SEm+. 0.31 0.21 0.51 0.73 0.80 0.60 0.47 0.69 1.12 0.43 0.02 0.26
CD (0.05) 0.938 0.664 1.525 2.181 2.387 1.793 1.414 2.067 3.351 | 1.310 | 0.116 0.805

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.




At 15 DATA, application of BS @ 0.025 kg ha' + FPE @ 0.06 kg ha™* (Ts)
and SSB fb chemical weeding (Tg) resulted in zero count of grass weeds and were
found to be best in controlling grass weeds during both the years. Among the
herbicide combinations (T2, T3, Ts, Te and Ts), PS + CB (6% OD) @ 0.15 kg ha* (T>)
recorded higher count of grass weeds during both the years and was statistically on
par with BS @ 0.025 kg ha'+ CB @ 0.08 kg ha (Ts) and CB @ 0.08 kg ha* + CE
@ 0.02 kg ha (T3), with 6.66, 5.33 and 4 m™? during 2018 and 5.33 m each during
2019. Sole application of CB @ 0.08 kg ha* (T1) resulted in lower grass weed count
compared to its tank mix combinations with BS @ 0.025 kg ha* (Ts) or CE @ 0.02
kg ha?l (Ts) during both 2018 and 2019. The highest count of grass weed was
observed in unweeded control (Tg) during both the years, followed by BS @ 0.025
kg ha (T4), respectively recorded 113.33 and 46.66 m™ and 121.33 and 36 plants
m2 during 2018 and 2019.

Stale seedbed fb chemical weeding (Tg) recorded zero count of BLWSs at 15
DATA during both the years. Application of BS @ 0.025 kg ha' + FPE @ 0.06
kg ha (Te) resulted in lower count of BLWs with 1.33 and 2.66 m, respectively
during 2018 and 2019. The treatment BS @ 0.025 kg ha* + CB @ 0.08 kg ha* (Ts)
also resulted in zero count of BLWs during 2019, but a count of 8 plants m? was
noted in the treatment during 2018. Application of CB @ 0.08 kg ha™* (T1) and FPE
@ 0.06 kg ha* (T7) registered higher count of BLWs, recorded 90.66 and 54.66 m
and 68 and 101.33 m, respectively during 2018 and 2019, and were statistically

higher than unweeded control (To).

Similar to the grass weeds, sedges were also effectively controlled by the tank
mix combination of BS @ 0.025 kg ha + FPE @ 0.06 kg ha (Ts) and SSB fb
chemical weeding (Ts), resulted in zero count at 15 DATA during both the years.
Zero count of sedges was also observed in HW twice at 20 and 45 DAS (T1o) during
both the years. Among the herbicidal treatments (T1 to Ts), CB @ 0.08 kg ha® (T1)
registered the highest count of sedges and was on par with FPE @ 0.06 kg ha (T7)
during both the years, recorded 21.33 and 14.66 m™ and 34.66 and 30.66 m,
respectively during 2018 and 2019.



Sole application of BS @ 0.025 kg ha™ (T4) and FPE @ 0.06 kg ha* (T7)
recorded higher count of sedges compared to the tank mix combination of BS @
0.025 kg ha + FPE @ 0.06 kg ha (Ts), where complete control of sedges was
achieved.

4.3.1.3.2 Effect of weed management practices on weed count at 30 DATA

Table 33 contains data on the weed count in WSR at 30 DATA in 2018 and
2019. During both years, weed control strategies had a considerable impact on the
total count of grass weeds, BLWs and sedges at 30 DATA.

Hand weeding twice at 20 and 45 DAS (T1o) recorded the lowest count of
grass weeds during both the years, recorded 1.33 and 2.66 m respectively during
2018 and 2019. This was followed by BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha* (Te)
and FPE @ 0.06 kg ha™ (T7) during 2018 with 5.33 and 8 plants m™, respectively.
However, T7 was statistically comparable to Tio during 2019, recorded 5.33 plants
m2. CB @ 0.08 kg ha* (T1), PS + CB (6% OD) @ 0.15 kg ha* (T2) and CB @ 0.08
kg hal + CE @ 0.02 kg ha (Ts) recorded on par values in grass weed count during
both the years with 10.66, 13.33 and 12 m™ and 10.66, 12 and 12 plants m?,
respectively during 2018 and 2019. Unweeded control (To) recorded the highest count
of grass weeds during both the years followed by BS @ 0.025 kg ha (T4), recorded
154.66 and 82.66 m™ during 2018 and 193 and 70.66 m™ during 2019.

Among the herbicidal treatments (T1 to Ts), BS @ 0.025 kg ha™* + FPE @ 0.06
kg ha' (Te) recorded the lowest count of BLWSs during both the years and was on par
with BS @ 0.025 kg ha'+ CB @ 0.08 kg ha* (Ts) and BS @ 0.025 kg ha* (T4) with
3,5.33 and 5.33 m2 and 29.33, 29.33 and 32 plants m, respectively during 2018 and
2019. Among the herbicide combination treatments (T2, T3, Ts, Ts and Tg), CB @
0.08 kg ha + CE @ 0.02 kg ha* (T3) and SSB fb chemical weeding (Ts) recorded
higher count of BLWSs during both the years at 30 DATA. BLWs was found to be the
highest in unweeded control (To) with 49.33 m during 2018 whereas, FPE @ 0.06
kg ha (T7) recorded the highest count (177.33 m2) during 2019.



Sedge population was absent with HW twice at 20 and 45 DAS (T1o0), ready
mix formulation of PS + CB (6% OD) @ 0.15 kg ha™ (T2) and tank mix combination
of BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha™ (Ts) during both the years and resulted
in 100 per cent control. Tank mix combination of BS @ 0.025 kg ha + CB @ 0.08
kg ha (Ts) also recorded zero count of sedges during 2019. Compared to the sole
application of CB @ 0.08 kg ha (T1) and FPE @ 0.06 kg ha™ (Tv), its tank mix
combination with BS @ 0.025 kg ha® resulted in lower count of sedges. SSB fb
chemical weeding (Ts) registered the highest count of sedges (74.66 m) during 2018

and was significantly higher to all other treatments.
4.3.1.3.3 Effect of weed management practices on weed count at 45 DATA

The data regarding weed count at 45 DATA during 2018 and 2019 is
documented in Table 34. Weed management practices had a significant effect on the

total count of grass weeds, BLWSs and sedges at 45 DATA during both the years.

In general, the population of grass weeds was found to be increasing in all the
treatments from 15 to 45 DATA during both the years. Among the herbicidal
treatments (T1 to Ts), BS @ 0.025 kg ha + FPE @ 0.06 kg ha* (Te) registered the
lowest count of grass weeds (10.66 m2) during both the years and was on par with
FPE @ 0.06 kg ha™* (T7), which recorded 12 and 14.66 plants m™, respectively during
2018 and 2019. Te and T7 was statistically comparable with HW twice at 20 and 45
DAS (T10) with 12 and 9.33 plants m, respectively during 2018 and 2019. The
highest count of grass weeds was observed in unweeded control (Tg) during both the
years followed by BS @ 0.025 kg ha (T4), recorded 148 and 93.33 m and 156 and
90.66 m, respectively during 2018 and 2019.

Application of CB @ 0.08 kg ha* (T1) recorded lower count of grass weeds
compared to its tank mix application with CE @ 0.02 kg ha (Ts) or BS @ 0.025
kg ha (Ts) during both the years, even though recorded statistically comparable grass
weed count during 2019 (Table 34). The population of grass weeds under SSB fb
chemical weeding (Ts) was found to be increasing from 15 to 45 DATA and recorded
a count of 20 and 24 m™, respectively during 2018 and 2019 at 45 DATA.



Broad leaf weed count was noticed the highest in CB @ 0.08 kg ha* (T1)
treated plots during both the years and was on par with FPE @ 0.06 kg ha (T+7),
recorded 38.66 and 12 plants m and 20 and 14.66 m, respectively during 2018 and
2019. Application of BS @ 0.025 kg ha* (T4) and BS @ 0.025 kg ha* + FPE @ 0.06
kg ha! (Te) registered zero count of BLWSs during 2019.

The highest count of sedges (104.0 and 30.66 m2) was recorded in SSB fb
chemical weeding (Ts) during 2018 and CB @ 0.08 kg ha™* (T1) during 2019. Among
the herbicidal treatments (T1 to Ts), PS + CB (6% OD) @ 0.15 kg ha! (T2), BS @
0.025 kg ha™ (T4) and BS @ 0.025 kg ha* + FPE @ 0.06 kg ha* (Ts) recorded zero
count of sedges during both the years and ensured 100 per cent control. Tank mix
combination of BS @ 0.025 kg ha + CB @ 0.08 kg ha* (Ts) also recorded 100 per
cent control of sedges during 2019. During both the years, unweeded control (To)
recorded zero count of sedges at 45 DATA.

4.3.1.4 Regrowth pattern, if any, at 30 days after spraying
No regrowth was observed at 30 days after spraying of herbicides.
4.3.1.5 Dry matter production of weeds

The influence of weed management practices on dry matter production (DMP)
of weeds at 15, 30 and 45 DATA during 2018 and 2019 are presented in Table 35.
Perusal of data at 15, 30 and 45 DATA during both the years indicated that the weed
management practices had significant effect on total weed dry matter production.

Observations of data at 15 DATA revealed that the treatment SSB fb chemical
weeding (Ts) recorded zero DMP during both the years. This was followed by HW
twice at 20 and 45 DAS (T10), BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha (Te) , PS +
CB @ 0.15kg ha(T2) and BS @ 0.025 kg ha*+ CB @ 0.08 kg ha™* (Ts) during 2018,
recorded 16.40, 18.80, 23.93 and 29.66 kg ha, respectively. However during 2019,
T10 and Te were found to be on par with Tg and recorded a DMP of 5.50 and 4.67
kg hal, respectively.



Table 32. Effect of weed management practices on weed count at 15 days after treatment application, no. m

Weed count
Treatments 2018 2019
Grass Broad leaf Sedaes Grass Broad leaf Sedaes
weeds weeds g weeds weeds g
1 1.64 9.35 4.46 1.77 8.27 5.92
T1 | cyhalofop butyl @ 0.08 kg ha (2.66) (90.66) (21.33) (2.66) (68.00) | (34.66)
2.38 1.17 1.44 241 3.71 1.34
0 -1
T, | penoxsulam +cyhalofop butyl (6% OD) @ 0.15 kg ha (6.66) (1.33) (2.66) (5.33) (13.33) (1.33)
T cyhalofop butyl @ 0.08 kg ha* + carfentrazone ethyl 1.91 4.76 2.31 241 5.33 1.77
* | @0.02 kg ha! (4.00) (22.66) (5.33) (5.33) (28.00) (2.66)
. . . 1 6.70 251 2.12 6.03 2.87 1.64
Ta | bispyribac sodium @ 0.025 kg ha (46.66) (6.66) (4.00) (36.00) (8.00) (2.66)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl 2.12 2.77 1.17 241 0.70 1.77
° | @ 0.08 kg ha'! (5.33) (8.00) (1.33) (5.33) (0.00) (2.66)
T bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p- 0.70 1.17 0.70 0.70 1.77 0.70
® | ethyl @ 0.06 kg ha* (0.00) (1.33) (0.00) (0.00) (2.66) (0.00)
N 4 1.64 7.40 3.82 2.12 10.08 5.58
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha (2.66) (54.66) (14.66) (4.00) | (101.33) | (30.66)
T stale seedbed fb glyphosate @ 0.8 kg ha + 0.70 0.70 0.70 0.70 0.70 0.70
8 | oxyfluorfen @ 0.15 kg ha* at 15-20 DALP + T3 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
To | unweeded control 10.60 5.45 4.80 11.03 6.95 4,93
° (113.33) (29.33) (22.66) (121.33) (49.33) (24.00)
. . 1.64 191 0.70 1.34 2.65 0.70
T1o | hand weeding twice at 20 and 45 DAS (2.66) (4.00) (0.00) (1.33) (6.66) (0.00)
SEmz+. 0.67 0.64 0.49 0.09 0.30 0.18
CD (0.05) 2.011 1.902 1.477 0.266 0.906 0.544

Data were subjected to square root transformation - Vx-+0.5 and original values are given in parentheses.

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




Table 33. Effect of weed management practices on weed count at 30 days after treatment application, no. m-

2

Weed count
Treatments 2018 2019
Grass Broad leaf Sedaes Grass Broad leaf Sedges
weeds weeds 9 weeds weeds 9
3.25 5.40 2.65 3.26 9.99 7.68
-1
T1 | cyhalofop butyl @ 0.08 kg ha (10.66) (29.33) (6.66) (10.66) | (100.00) | (58.66)
3.65 3.43 0.70 3.43 5.88 0.70
T, | penoxsulam +cyhalofop butyl (6% OD) @ 0.15 kg ha'* (13.33) (12.00) (0.00) (12.00) (34.66) (0.00)
T cyhalofop butyl @ 0.08 kg ha! + carfentrazone ethyl @ 3.44 5.41 2.40 3.43 7.30 4.94
* 1 0.02 kg hat (12.00) (29.33) (5.33) (12.00) (53.33) (24.00)
L . 9.09 2.30 2.65 8.40 5.65 1.91
-1
Ta | bispyribac sodium @ 0.025 kg ha (82.66) (5.33) (6.66) (70.66) (32.00) (4.00)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl @ 2.97 2.27 1.77 4.45 541 0.70
® | 0.08 kg ha! (9.00) (5.33) (2.66) (20.00) (29.33) (0.00)
T bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p-ethyl 2.30 1.71 0.70 2.79 5.41 0.70
| @0.06 kg ha'! (5.33) (3.00) (0.00) (8.00) (29.33) (0.00)
2.81 5.51 4.94 2.27 13.28 8.19
_N- -1
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha (8.00) (30.66) (24.00) (5.33) (177.33) | (66.66)
T stale seedbed fb glyphosate @ 0.8 kg ha* + oxyfluorfen @ 3.05 4.65 8.66 3.05 6.09 4.21
® 1 0.15 kg ha! at 15-20 DALP + T3 (9.33) (21.66) (74.66) (9.33) (37.33) (17.33)
To | unweeded control 12.43 7.01 5.32 13.90 7.54 5.92
’ (154.66) (49.33) (28.00) (193.00) (57.33) (34.66)
. . 1.13 2.81 0.70 1.60 1.13 0.70
T1o | hand weeding twice at 20 and 45 DAS (1.33) (8.00) (0.00) (2.66) (1.33) (0.00)
SEm+. 0.14 0.23 0.13 0.24 0.31 0.21
CD (0.05) 0.439 0.689 0.392 0.729 0.931 0.664

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.
DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




Table 34. Effect of weed management practices on weed count at 45 days after treatment application, no. m

Weed count
Treatments 2018 2019
Grass Broad leaf Sedaes Grass Broad leaf Sedaes
weeds weeds g weeds weeds g
1 6.21 8.24 5.58 4.47 11.13 5.56
T1 | cyhalofop butyl @ 0.08 kg ha (38.66) (68.00) (33.33) (20.00) (129.33) (30.66)
T penoxsulam +cyhalofop butyl (6% OD) @ 0.15 kg 5.41 5.02 0.70 6.27 3.50 0.70
2 | hat (29.33) (25.33) (0.00) (40.00) (12.00) (0.00)
T cyhalofop butyl @ 0.08 kg ha! + carfentrazone 6.53 2.92 5.33 4.70 6.15 1.66
* | ethyl @ 0.02 kg ha (42.66) (10.66) (37.33) (22.66) (42.66) (2.66)
. . . 1 9.66 2.27 0.70 9.46 0.70 0.70
Ta | bispyribac sodium @ 0.025 kg ha (93.33) (5.33) (0.00) (90.66) (0.00) (0.00)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop 7.56 6.32 4.21 4.86 2.29 0.70
° | butyl @ 0.08 kg ha! (57.33) (40.00) (21.33) (24.00) (6.66) (0.00)
T bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p- 3.24 3.15 0.70 3.21 0.70 0.70
® | ethyl @ 0.06 kg ha* (10.66) (10.66) (0.00) (10.66) (0.00) (0.00)
1 3.43 7.23 2.91 3.82 10.82 3.53
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha (12000 | (53.33) (8.00) (14.66) (120.00) | (13.33)
T stale seedbed fb glyphosate @ 0.8 kg ha + 4.46 6.54 10.21 4.88 6.25 5.07
8 | oxyfluorfen @ 0.15 kg ha* at 15-20 DALP + T3 (20.00) (44.00) (104.00) (24.00) (40.00) (25.33)
To | unweeded control 12.16 4.16 0.70 12.46 6.76 0.70
(148.00) (17.33) (0.00) (156.00) (52.00) (0.00)
. . 3.45 5.65 0.70 3.04 2.12 1.34
T1o | hand weeding twice at 20 and 45 DAS (12.00) (32.00) (0.00) (9.33) (5.33) (1.33)
SEm+. 0.18 0.54 0.92 0.43 0.96 0.32
CD (0.05) 0.564 1.610 2.730 1.281 2.861 0.986

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.
DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




Unweeded control (To) registered the highest total DMP of weeds at 15 DATA
during both the years with a mean value of 333.66 and 374.83 kg ha™l, respectively
during 2018 and 2019 (Table 35).

At 30 DATA, the weed DMP increased to the tune of five times in unweeded
control during both the crop years and recorded a DMP of 1876.10 and 1978.26
kg hal, respectively during 2018 and 2019. During 2018, the lowest DMP was
observed in Tio (28.61 kg ha™*) and was on par to Te with a mean value of 29.70
kg ha. T1o recorded the lowest DMP during 2019 (26.60 kg ha*) and was statistically
comparable to Tg and T, with a mean DMP of 39.43 and 56.56 kg ha™, respectively.

Critical appraisal of data at 45 DATA indicated that the treatment T recorded
the lowest mean DMP of 117.54 kg ha and 118.66 kg ha™?, respectively during 2018
and 2019. This was followed by Te, Ts and T2 during 2018 with a DMP of 222.45,
283.96 and 287.20 kg ha, respectively. However, during 2019, Te and Ts with 127
and 224.08 kg ha?, respectively was on par with T1o. There was an increase in weed
DMP in most of the herbicide treatments at 45 DATA. However, in unweeded
control, DMP was less at 45 DATA than at 30 DATA during both years and recorded
1850.90 and 1492.20 kg ha'?, respectively during 2018 and 2019.

4.3.1.6 Dry matter production of L. chinensis

The data on dry matter production (DMP) of L. chinensis during 2018 and
2019 are presented in Table 36. During both the years, the DMP of L. chinensis was
increased from 15 to 45 DATA in all the treatments and unweeded control recorded

the highest DMP at all stages of observation.

At 15 DATA, BS @ 0.025 kg ha! + FPE @ 0.06 kg ha™* (Ts), FPE @ 0.06
kg ha (T7), SSB fb chemical weeding (Ts) and HW twice at 20 and 45 DAS (T1o)
were free of L. chinensis and recorded zero DMP during both the years. CB @ 0.08
kg ha + CE @ 0.02 kg ha* (T3) also recorded zero DMP of L. chinensis during 2018.
The treatments CB @ 0.08 kg ha (T1) and BS @ 0.025 kg ha' + CB @ 0.08 kg ha*
(Ts) were statistically on par with the treatments recorded zero DMP of L. chinensis
during both the years and acquired 1.68 and 2.57 kg ha and 1.99 and 2.48 kg ha?,



respectively during 2018 and 2019. PS + CB @ 0.15 kg ha (T2) with 1.56 kg ha*
was also on par to all other treatments except T4 and Te during 2019. The highest
DMP of L. chinensis (74.09 kg ha') was registered in unweeded control (Ts) during
2018 (Table 36) and was found to be on par with BS @ 0.025 kg ha™ (T4) with 41.35
kg ha. During 2019 also, Ts recorded the highest DMP of 121.34 kg ha*, which was
followed by T, with 47.21 kg ha™.

Critical appraisal of data at 30 DATA showed that among the herbicidal
treatments (T1 to Tg), T7 registered the lowest L. chinensis DMP of 8.90 and 4.41
kg ha'?, respectively during 2018 and 2019, and was statistically comparable with T1o,
Teand Tg during both the years, recorded 6.32, 13.90 and 14.02 kg ha™* and 9.21, 7.90
and 10.72 kg ha’l, respectively during 2018 and 2019. Ty recorded the highest DMP
of 240.78 and 374.55 kg ha't, respectively during 2018 and 2019 and was on par with
T4 with 170.77 kg haduring 2019.

At 45 DATA, the DMP of L. chinensis in unweeded control (To) has increased
to three fold compared to 30 DATA and recorded the highest DMP of 826.13 and
855.04 kg ha, followed by T4 with 519.87 and 446.26 kg ha, respectively during
2018 and 2019. During both the years, FPE @ 0.06 kg ha™ (T+) treated plots registered
the lowest L. chinensis DMP of 23.91 and 30.15 kg ha, respectively during 2018
and 2019 and was on par with T1o, Ts, Ts, Ts and T1 during both the years.

4.3.1.7 Nutrient removal by weeds

Nutrient removal by weeds at 15, 30 and 45 DATA was significantly
influenced by the weed management treatments. At all stages of observation the
highest nutrient removal was recorded in unweeded control. The data were
statistically analysed and presented in the Table 37 to 39.

4.3.1.7.1 Nitrogen removal by weeds

Nitrogen (N) removal by weeds was significantly influenced by weed

management treatments during both the crop years (Table 37).



Critical appraisal of data at 15 DATA revealed that SSB fb chemical weeding
(Ts)) recorded the lowest N removal (zero) by weeds during both 2018 and 2019 and
was statistically on par with HW twice at 20 and 45 DAS (T10), BS @ 0.025 kg ha
+ FPE @ 0.06 kg ha* (Ts), PS + CB (6% OD) @ 0.15 kg ha™* (T2) and BS @ 0.025
kg hal+ CB @ 0.08 kg ha (Ts) during both the years, recorded 0.20, 0.21, 0.282
and 0.401kg ha* and 0.14, 0.13, 0.15 and 0.19 kg ha™, respectively during 2018 and
2019. The highest N removal of 5.70 and 9.52 kg ha® by weeds was noted in
unweeded control (To), respectively during 2018 and 2019.

At 30 DATA, T1o registered the lowest values of N removal of 0.44 and 0.46
kg ha! and was found to be statistically on par with T, T2 and Ts during both the
years, recorded 0.48, 1.15 and 1.40 kg ha! and 0.87, 1.24 and 2.17 kg ha®,
respectively during 2018 and 2019. The highest N removal was observed in Tg with
19.39 and 24.55 kg ha't, respectively during 2018 and 2019.

At 45 DATA, Tio recorded the least N removal of 2.36 and 1.79 kg ha,
respectively during 2018 and 2019. Among the herbicidal treatments (T to Ts), lower
removal of 4.11, 4.37 and 5.09 kg ha™ and 1.81, 3.58 and 4.38 kg ha™* was noticed,
respectively in Te, Ts and T2 during 2018 and 2019 and was statistically comparable
with T1o during both the years. The highest values of N removal was observed in Ty
with 33.87 and 21.58 kg ha!, respectively during 2018 and 2019.

4.3.1.7.2 Phosphorus removal by weeds

The phosphorus (P) removal by weeds followed almost a similar trend to that
of nitrogen (Table 38). P removal was in the range of 0 to 0.81 kg ha at 15 DATA
during 2018 and 0 to 0.96 kg ha* during 2019, 0.21 to 4.85 kg ha™ at 30 DATA
during 2018 and 0.04 to 4.71 kg ha* during 2019, while at 45 DATA, it ranged from
0.77 to 4.77 kg ha* during 2018 and 0.24 to 4.41 kg ha* during 2019.



Table 35. Effect of weed management practices on total weed dry matter production, kg ha

Dry matter production

Treatments 2018 2019
15 DATA | 30 DATA | 45DATA | 15DATA | 30 DATA 45 DATA
1 9.29 25.01 39.03 7.79 24.56 35.09
Tu | cyhalofop butyl @ 0.08 kg ha (86.00) | (626.60) | (1524.30) | (60.40) | (604.87) | (1241.79)
T penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg 4.93 8.45 16.76 2.70 7.51 15.74
2 | hat (23.93) (73.06) (287.20) (7.10) (56.56) (249.92)
T cyhalofop butyl @ 0.08 kg ha* + carfentrazone ethyl 8.55 20.61 30.01 6.75 17.49 27.11
* | @0.02 kg ha! (72.80) (425.51) (905.02) (45.53) (306.56) (740.38)
. . . 1 8.56 17.88 26.52 7.28 14.65 23.99
Ta | bispyribac sodium @ 0.025 kg ha (73.86) | (320.73) | (704.43) | (55.91) | (219.46) | (584.24)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl 5.23 9.21 16.82 2.85 9.53 14.96
° | @0.08 kg ha't (29.66) (85.06) (283.96) (7.70) (91.63) (224.08)
T bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p- 3.93 541 14.73 2.16 6.26 11.30
® | ethyl @ 0.06 kg ha'* (18.80) (29.70) (222.45) (4.67) (39.43) (127.92)
N 4 8.81 24.71 37.57 7.41 21.08 33.60
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha (7880) | (612.73) | (1411.78) | (55.94) | (44861) | (1137.06)
T stale seedbed fb glyphosate @ 0.8 kg ha + 0.70 16.13 27.01 0.70 15.40 26.05
® | oxyfluorfen @ 0.15 kg ha* at 15 - 20 DALP + Ts (0.00) (261.13) | (730.50) (0.00) (238.06) (684.26)
To | unweeded control 18.06 43.15 43.00 19.34 44.24 38.59
° (333.66) (1867.10) | (1850.90) (374.83) (1978.26) (1492.20)
. . 4.02 5.31 10.83 2.44 5.13 10.88
T | hand weeding twice at 20 and 45 DAS (16.40) | (2861) | (11754) | (550) (2660) | (118.66)
SEm+. 0.69 0.72 1.04 0.61 1.32 152
CD (0.05) 2.062 2.159 3.096 1.832 3.948 4.520

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.
DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




Table 36. Effect of weed management practices on dry matter production of Leptochloa chinensis, kg ha*

Treatments - Dry matter production —
15 DATA | 30 DATA | 45DATA | 15 DATA | 30 DATA | 45DATA
1 1.25 4.12 6.71 1.32 3.80 6.86
Ts | cyhalofop butyl @ 0.08 kg ha (1.68) (17.45) (44.74) (1.99) (13.96) (47.30)
T penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg 2.64 6.19 9.41 1.56 5.46 8.91
? | hat (6.69) (38.58) (88.45) (2.48) (33.16) (80.15)
T cyhalofop butyl @ 0.08 kg ha* + carfentrazone ethyl 0.70 491 7.85 1.21 3.26 6.88
* | @0.02 kg ha' (0.00) (24.34) (61.22) (1.48) (13.83) (47.39)
. . . 1 6.46 13.77 22.72 5.86 12.46 21.08
Ta | bispyribac sodium @ 0.025 kg ha (4135) | (189.94) | (519.87) | (4721) | (17077) | (446.28)
T bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl 1.62 4.86 6.57 1.60 431 6.92
> | @ 0.08 kg ha' (2.57) (24.78) (42.76) (2.48) (18.56) (48.85)
T bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p- 0.70 3.69 5.64 0.70 2.57 5.98
® | ethyl @ 0.06 kg ha! (0.00) (13.90) (31.47) (0.00) (7.90) (36.43)
N 4 0.70 2.96 4.94 0.70 1.70 5.49
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha (0.00) (8.90) (23.91) (0.00) (4.41) (30.15)
T stale seedbed fb glyphosate @ 0.8 kg ha + 0.70 3.71 6.53 0.70 2.92 6.49
® | oxyfluorfen @ 0.15 kg ha! at 15 - 20 DALP + T, (0.00) (14.02) (42.28) (0.00) (10.72) (42.63)
To | unweeded control 8.51 1551 28.72 10.68 17.95 29.23
’ (74.09) (240.7) (826.13) (121.34) (374.55) (855.04)
. . 0.70 2.43 5.51 0.70 2.23 6.20
Tio | hand weeding twice at 20 and 45 DAS (0.00) (6.32) (41.84) (0.00) 9.21) (39.44)
SEmz. 0.43 0.31 0.90 1.00 2.10 0.98
CD (0.05) 1.281 0.929 2.688 2.989 6.263 2.932

Data were subjected to square root transformation - Vx+0.5 and original values are given in parentheses.

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




The data during both the years at 15 DATA indicated that SSB fb chemical
weeding (Ts) recorded the lowest removal (zero) of P. Ready mix formulation of PS
+ CB (6% OD) @ 0.15 kg ha (T) and tank mix combination of BS @ 0.025
kg hal+ FPE @ 0.06 kg ha (Ts), BS @ 0.025 kg hat + CB @ 0.08 kg ha (Ts) and
HW twice at 20 and 45 DAS (T10) was found to be on par with Tg during both years.

Critical appraisal of data revealed that the treatment T1o recorded the lowest P
removal of 0.21 and 0.04 kg ha*at 30 DATA and 0.77 and 0.24 kg ha™* at 45 DATA,
respectively during 2018 and 2019. It was on par with Te, T2 and Ts with 0.22, 0.59
and 0.671 kg ha and 0.09, 0.18 and 0.32 kg ha™ at 30 DATA and 0.82, 1.39 and 1.51
kg hal and 0.28, 1.02 and 0.83 kg ha! at 45 DATA, respectively during 2018 and
2019. Unweeded control (Tg) registered the highest P removal of 0.81 and 0.96
kg halat 15 DATA, 4.85 and 4.71 kg ha at 30 DATA and 4.79 and 4.41 kg ha at
45 DATA, respectively during 2018 and 2019.

4.3.1.7.3 Potassium removal by weeds

Potassium (K) removal by weeds at 15, 30 and 45 DATA during 2018 and
2019 was significantly influenced by the weed management treatments (Table 39).

Unweeded control (Te) recorded the highest K removal and was statistically
higher to other treatments at all stages of observations during both the years. The K
removal in Ty increased from 9.80 to 66.46 kg ha™ at 15 to 45 DATA during 2018.
During 2019, this was increased from 10.09 to 69.44 kg ha* at 15 to 45 DATA.

Similar to N and P removal, SSB fb chemical weeding (Ts) recorded zero K
removal during both the years at 15 DATA. HW twice at 20 and 45 DAS (T10), BS
@ 0.025 kg ha! + FPE @ 0.06 kg ha (Te), BS @ 0.025 kg ha' + CB @ 0.08
kg ha* (Ts) and PS + CB (6% OD) @ 0.15 kg ha* (T2) was found to be on par with
Ts during both years and correspondingly recorded 0.40, 0.51, 0.65 and 0.82 kg ha
and 0.12, 0.09, 0.23 and 0.23 kg ha* during 2018 and 2019.

The data corresponding to K removal at 30 DATA showed a similar trend as
that of N removal at 30 DATA during both the years.



The treatment T1o recorded the lowest K removal of 0.38 and 0.53 kg ha* and
was statistically comparable with Ts, T2, Tsand Tg during both the years with 0.73,
1.75, 1.81 and 3.57 kg ha during 2018 and 0.91, 1.51, 2.14 and 7.11 kg ha during
2019. BS @ 0.025 kg ha (T4) registered 6.24 kg ha™* was also on par to T1o during
2019.

At 45 DATA, there was considerable increase in K removal by weeds in all
the treatments over 15 and 30 DATA. Among the herbicidal treatments (T1 to Ts), Te
recorded the lowest K removal of 5.68 and 3.09 kg ha™, respectively during 2018 and
2019 at 45 DATA and was on par with Tio, Ts and T2 during both the years.

4.3.1.8 Nutrient removal by L. chinensis

The tables 40, 41 and 42, respectively shows the N, P, and K removal by
L. chinensis during 2018 and 2019. The lower dry matter production during 15 DATA
resulted in the lower nutrient removal by L. chinensis compared to 30 DATA and 45
DATA.

4.3.1.8.1 Nitrogen removal

Nitrogen (N) removal by L. chinensis was significantly influenced by weed

management practices during both the crop years (Table 40).

Perusal of data on the effect of weed management practices on N removal at
15 DATA revealed that BS @ 0.025 kg ha + FPE @ 0.06 kg ha* (Ts), FPE @ 0.06
kg ha! (T7), SSB fb chemical weeding (Ts) and HW twice at 20 and 45 DAS (T1o)
recorded zero removal during both 2018 and 2019. The treatment CB @ 0.08 kg ha™
+ CE @ 0.02 kg ha* (T3) also recorded zero N removal during 2018. Among the
herbicidal treatments (T1 to Tg), T7 recorded the lowest N removal of 0.209 and 0.063
kg hat and 0.651 and 0.697 kg ha®, correspondingly at 30 and 45 DATA during 2018
and 2019. It was found to be statistically comparable with all other treatments except
T4 and Ty, at 45 DATA during both the years.



Table 37. Effect of weed management practices on nitrogen removal by weeds, kg ha*

N removal
Treatments 2018 2019
15 30 45 15 30 45

DATA | DATA | DATA | DATA | DATA | DATA
T1 | cyhalofop butyl @ 0.08 kg ha't 1.32 9.11 29.85 2.04 8.66 20.70
T2 | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha' 0.28 1.15 5.09 0.15 1.24 4.38

1
T, ﬁz_hlalofop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 kg 0.87 7 35 18.13 117 6.15 12 59
T4 | bispyribac sodium @ 0.025 kg ha 0.88 5.66 10.65 1.48 4.88 6.33
T - - -1
Te ﬁ:}s%rllbac sodium @ 0.025 kg ha™ + cyhalofop butyl @ 0.08 0.40 1.40 437 0.19 517 358
T . 1 —
Te ﬁ;[;%/l_’llbac sodium @ 0.025 kg ha™ +fenoxaprop-p-ethyl @ 0.06 0.21 0.48 411 0.13 0.87 181
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™* 0.96 9.00 24.49 1.93 6.72 19.41
stale seedbed fb glyphosate @ 0.8 kg ha™ + oxyfluorfen @ 0.15

Ts kg hal at 15 - 20 DALP + T 0.00 4.42 15.62 0.00 4.89 11.83
To | unweeded control 5.70 19.39 33.87 9.52 24.55 21.58
T1o0 | hand weeding twice at 20 and 45 DAS 0.20 0.44 2.36 0.14 0.46 1.79
SEm+. 0.31 1.07 2.09 0.51 1.27 1.44
CD (0.05) 0.942 3.288 6.402 | 0.889 3.219 4.203

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing.




Table 38. Effect of weed management practices on phosphorus removal by weeds, kg ha*

P removal
Treatments 2018 2019
15 30 45 15 30 45
DATA | DATA | DATA | DATA | DATA | DATA
T1 | cyhalofop butyl @ 0.08 kg ha' 0.40 2.08 3.56 0.69 2.76 3.52
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 0.07 0.59 1.39 0.05 0.18 1.02
1
T, %hﬁaellgfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 0.21 182 593 0.5 117 577
T4 | bispyribac sodium @ 0.025 kg ha* 0.37 1.15 2.59 0.55 0.64 1.16
. - - 1
T 3légy£:]bﬁgjodlum @ 0.025 kg ha™ + cyhalofop butyl @ 0.07 0.67 151 0.07 0.3 0.83
— . T —
Te blspyrlbac_fodlum @ 0.025 kg ha~ + fenoxaprop-p-ethyl @ 0.05 0.2 0.82 0.03 0.09 0.28
0.06 kg ha
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™ 0.39 1.91 3.34 0.65 1.63 2.92
stale seedbed fb glyphosate @ 0.8 kg ha + oxyfluorfen @
To | unweeded control 0.81 4.85 4.79 0.96 4.71 441
T1o | hand weeding twice at 20 and 45 DAS 0.03 0.21 0.77 0.03 0.04 0.24
SEm+. 0.05 0.25 0.31 0.07 0.27 0.31
CD (0.05) 0.298 0.975 2.452 0.374 0.816 1.994

DATA - Days after treatment application; DALP

- Days after land preparation; DAS - Days after sowing.




Table 39. Effect of weed management practices on potassium removal by weeds, kg ha*

K removal
Treatments 2018 2019
15 30 45 15 30 45

DATA | DATA DATA DATA DATA | DATA
T1 | cyhalofop butyl @ 0.08 kg ha' 2.84 13.47 46.91 2.55 12.90 43.36
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™* 0.65 1.75 7.80 0.23 1.51 6.75

-1
T, %hﬁaellgfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 508 10.75 98.20 189 8.3 2410
T4 | bispyribac sodium @ 0.025 kg ha* 2.38 6.08 18.34 2.00 6.24 12.94
. - n -1
T glggy%bﬁgjodlum @ 0.025 kg ha™ + cyhalofop butyl @ 0.82 181 8.6 0.23 514 545
— . ] —
Te glggylngﬁgjodlum @ 0.025 kg ha™ + fenoxaprop-p-ethyl @ 051 0.73 5 68 0.09 0.91 3.09
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™* 2.50 12.98 42.38 2.01 11.54 43.34
stale seedbed fb glyphosate @ 0.8 kg ha™ + oxyfluorfen @

Ts 0.15 kg ha™* at 15 - 20 DALP + T 0.00 3.57 25.18 0.00 7.11 21.27
To | unweeded control 9.80 30.05 66.46 10.09 39.65 69.44
T1o | hand weeding twice at 20 and 45 DAS 0.40 0.38 3.34 0.12 0.53 2.99
SEm+. 0.53 1.64 3.77 0.55 2.31 4.14
CD (0.05) 1.959 3.601 8.494 1.481 12.173 | 15.708

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing.




Leptochloa chinensis present in unweeded control (Tg) resulted in
significantly higher N removal of 1.286, 7.368, 18.484 kg ha* and 3.052, 9.766 and
19.055 kg ha, correspondingly at 15, 30 and 45 DATA, during 2018 and 2019.
It was followed by BS @ 0.025 kg ha* (T4) at 15, 30 and 45 DATA during both the
years with N removal of 0.416, 4.045 and 10.579 kg ha™ and 1.240, 3.957 and 9.428
kg ha?, respectively during 2018 and 2019. Among the herbicide combination
treatments (T2, Ts, Ts, Te and Ts), the highest N removal by L. chinensis was noticed
in PS + CB (6% OD) @ 0.15 kg ha* (T) at all stages of observation during both the
years, recorded 0.073, 1.109 and 2.375 kg ha* and 0.065, 0.97 and 2.055 kg ha*,
respectively at 15, 30 and 45 DATA during 2018 and 2019. However, it was on par

to all other treatments except To and T4 at all stages.
4.3.1.8.2 Phosphorus removal

The phosphorus (P) removal by L. chinensis followed almost a similar trend
as that of nitrogen (Table 41). P removal was in the range of 0 to 0.378 kg ha™ and 0
t0 0.504 kg hatat 15 DATA, 0.016 to 0.0745 kg ha* and 0.016 to 0.797 kg ha* at 30
DATA and 0.021to 1.479 kg hatand 0.017 to 1.432 kg ha at 45 DATA, respectively
during 2018 and 2019.

Critical appraisal of data at 15 DATA revealed that the P removal was zero in
BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha™ (Ts), FPE @ 0.06 kg ha (T7), SSB fb
chemical weeding (Ts) and HW twice at 20 and 45 DAS (T10) during both the years.
The treatment CB @ 0.08 kg ha! + CE @ 0.02 kg ha™ (Ts) also recorded zero P

removal during 2018.

The highest P removal by L. chinensis was noted in unweeded control (To)
with 0.378 and 0.504 kg ha*, 0.745 and 0.797 kg ha* and 1.479 and 1.432 kg ha%,
correspondingly at 15, 30 and 45 DATA during 2018 and 2019. Among the herbicidal
treatments (T1 to Tg), T7 recorded the lowest P removal by L. chinensis at 30 and 45

DATA and was on par with allother treatments except T9 and T4 during 2018.



4.3.1.8.3 Potassium removal

Potassium (K) removal by L. chinensis at 15, 30 and 45 DATA during 2018
and 2019 was significantly influenced by the weed management practices (Table 42).
K removal in unweeded control (To) increased from 2.172 kg ha at 15 DATA to
10.352 kg ha* and 29.738 kg ha* correspondingly at 30 and 45 DATA during 2018,
whereas during 2019, this was increased from 3.348 kg ha* at 15 DATA to 19.622
kg ha! at 30 DATA and 39.878 kg ha at 45 DATA.

Similar to N and P removal, BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha™* (Ts),
FPE @ 0.06 kg ha* (T7), SSB fb chemical weeding (Ts) and HW twice at 20 and 45
DAS (T1o) recorded zero removal of K at 15 DATA during both the years. CB @ 0.08
kg ha! + CE @ 0.02 kg ha™* (T3) also recorded zero removal of K during 2018.

The data corresponding to removal of K at 30 DATA showed a similar trend
as that of N and P removal at 30 DATA during both years. The treatment FPE @ 0.06
kg ha (T7) recorded the lowest K removal among the herbicidal treatments (T1 to Ts)
during both the years at 30 and 45 DATA and was on par with all other treatments
except Toand BS @ 0.025 kg ha* (T4) at 45 DATA. To registered the highest K
removal at all stages and recorded 2.172, 10.352 and 29.738 kg ha™ and 3.348, 19.622
and 39.878 kg ha%, correspondingly at 15, 30 and 45 DATA during 2018 and 2019.
It was followed by T4 during both the years with a K removal of 1.345 and 1.741
kg ha at 15 DATA, 5.498 and 4.708 kg ha at 30 DATA and 13.535 and 9.853 kg
hal at 45 DATA, respectively during 2018 and 2019. At 45 DATA, there was
considerable increase in K removal by L. chinensis in all the weed management
treatments over 15 and 30 DATA.

4.3.1.9 Weed control efficiency

Weed control efficiency (WCE) gives an idea of the effectiveness of an
applied herbicide. It is the percentage reduction in population or dry weight of weeds
due to application of herbicides compared to unweeded control. The data on WCE at
different stages are presented in Table 43. WCE was significantly influenced by the
weed management practices at 15, 30 and 45 DATA during both the years.



Table 40. Effect of weed management practices on nitrogen removal by Leptochloa chinensis, kg ha™

N removal
Treatments 2018 2019
15 30 45 15 30 45
DATA DATA DATA | DATA | DATA DATA
T cyhalofop butyl @ 0.08 kg ha 0.026 0.430 1.327 0.038 0.364 1.103
T2 | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 0.073 1.109 2.375 0.065 0.917 2.055
1
Ts ﬁéhﬁﬁfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 0.000 0.617 1 655 0.038 0.344 1133
Ta bispyribac sodium @ 0.025 kg ha* 0.416 4.045 10.579 1.240 3.957 9.428
. - . 1
Ts glggyigbﬁ;_fodlum @ 0.025 kg ha™ + cynalofop butyl @ 0.040 | 0659 | 1.287 | 0054 | 0475 | 1.331
— . T —
Te blspyrlbac_fodlum @ 0.025 kg ha™ + fenoxaprop-p-ethyl @ 0.000 0.306 0.885 0.000 0.156 0.740
0.06 kg ha
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha* 0.000 0.209 0.650 0.000 0.063 0.697

Te | Stale seedbed fb glyphosate @ 0.8 kg ha* + oxyfluorfen @

0.15 kg ha® at 15 - 20 DALP + Tz 0.000 0.329 1.262 0.000 0.219 0.987

To | unweeded control 1.286 7.368 18.484 3.052 9.766 19.055
T10 | hand weeding twice at 20 and 45 DAS 0.000 0.152 1.210 0.000 0.181 0.833
SEm+. 0.075 0.420 0.591 0.202 1.703 1.072
CD (0.05) 0.332 1.058 1.750 1.074 5.069 2.312

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing.



Table 41. Effect of weed management practices on phosphorus removal by Leptochloa chinensis, kg ha™

P removal
Treatments 2018 2019
15 30 45 15 30 45

DATA | DATA | DATA DATA DATA DATA
T1 | cyhalofop butyl @ 0.08 kg ha 0.001 0.039 0.073 0.006 0.017 0.061
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 0.024 0.098 0.139 0.015 0.030 0.121

1
T, ﬁéhﬁﬁfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 0.000 0.058 0.075 0.004 0.016 0.070
T4 | bispyribac sodium @ 0.025 kg ha 0.214 0.357 0.806 0.211 0.234 0.636
. - - 1
Ts 3'8gy£ébﬁg_f°d'“m @ 0.025 kg ha™ + cyhalofop butyl @ 0.005 | 0062 | 0041 | 0008 | 0018 | 0.075
—— . 1 —
Te blspyrlbac_fodlum @ 0.025 kg ha™~ + fenoxaprop-p-ethyl @ 0.000 0.023 0.013 0.000 0.008 0.014
0.06 kg ha
T | fenoxaprop-p-ethyl @ 0.06 kg ha* 0.000 0.022 0.008 0.000 0.006 0.009
stale seedbed fb glyphosate @ 0.8 kg ha* + oxyfluorfen @

Ts 0.15 kg ha® at 15 - 20 DALP + T 0.000 0.025 0.025 0.000 0.013 0.050
To | unweeded control 0.378 0.745 1.479 0.504 0.797 1.432
T1o | hand weeding twice at 20 and 45 DAS 0.000 0.016 0.021 0.000 0.016 0.017
SEmz+. 0.027 0.004 0.082 0.036 0.054 0.141
CD (0.05) 0.145 0.153 0.168 0.200 0.404 0.282

DATA - Days after treatment application; DALP -

Days after land preparation; DAS - Days after sowing




Table 42. Effect of weed management practices on potassium removal by Leptochloa chinensis, kg ha*

K removal
Treatments 2018 2019
15 30 45 15 30 45

DATA | DATA DATA DATA DATA | DATA
T1 | cyhalofop butyl @ 0.08 kg ha* 0.063 0.547 1.361 0.077 0.520 1.358
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™* 0.259 1.296 3.057 0.177 0.861 2.424

1
T, %hﬁaellgfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 0.000 0.840 1,962 0.067 0.505 1744
T4 | bispyribac sodium @ 0.025 kg ha* 1.345 5.498 13.535 1.741 4.708 9.853
. - . 1
Ts g'ggyl:gbﬁ;_f‘)d'”m @0.025 kg ha™+ cyhalofop butyl @ 0.062 | 0897 | 1347 | 0099 | 058 | 2.279
— . T —
Te blspyrlbac_fodlum @ 0.025 kg ha™ + fenoxaprop-p-ethyl @ 0.000 0.295 0.805 0.000 0.198 1016
0.06 kg ha
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha 0.000 0.222 0.587 0.000 0.184 0.892
stale seedbed fb glyphosate @ 0.8 kg ha™ + oxyfluorfen @

Ts 0.15 kg ha™* at 15 - 20 DALP + T 0.000 0.357 1.237 0.000 0.320 1.343
To | unweeded control 2.172 10.352 | 29.738 3.348 19.622 | 39.878
T1o | hand weeding twice at 20 and 45 DAS 0.000 0.169 1.191 0.000 0.284 1.244
SEmz+. 0.140 0.153 1.681 0.231 1.455 0.660
CD (0.05) 0.529 0.454 4.204 1.387 11.244 1.965

DATA - Days after treatment application; DALP - Days after land preparation; DAS - Days after sowing




At 15 DATA, the highest WCE of 100 per cent was observed with SSB fb
chemical weeding (Ts) during both the years. HW twice at 20 and 45 DAS (T10) and
BS @ 0.025 kg ha* + FPE @ 0.06 kg ha™* (Ts) were found to be on par with Tg during
both the years and recorded 95.08 and 94.36 per cent and 98.52 and 98.74 per cent,
respectively during 2018 and 2019. PS + CB (6% OD) @ 0.15 kg ha* (T2) and BS @
0.025 kg ha + CB @ 0.08 kg ha* (Ts) were also statistically comparable with Ts, Ts
and Tio during 2019, recorded 98.10 and 97.94 per cent, respectively. CB @ 0.08
kg ha (T1), FPE @ 0.06 kg ha (T7), CB @ 0.08 kg ha! + CE @ 0.02 kg ha (Ts3)
and BS @ 0.025 kg ha' (T4) were statistically comparable and recorded lower WCE
during both the years at 15 DATA.

At 30 DATA, Tqo recorded the highest WCE of 98.46 and 98.65 per cent,
respectively during 2018 and 2019 and was noticed on par with Te, T2 and Ts during
both the years, disclosed 98.40 and 96.08 and 95.44 per cent and 98.0, 97.13 and
95.36 per cent, respectively during 2018 and 2019. The lowest WCE of 66.43 and
69.42 per cent was recorded in Ty, correspondingly during 2018 and 2019 and was on

par to T7 with 67.17 and 77.31 per cent, respectively.

Critical appraisal of data at 45 DATA displayed that T1o recorded the highest
WCE of 93.64 and 92.04 per cent, respectively during 2018 and 2019 and was
statistically on par with Te during both the years with 87.97 and 91.42 per cent,
respectively. The treatments Ts and T, were also statistically comparable with T1oand
Te during 2019, recorded 84.97 and 83.24 per cent, respectively. T registered the
lowest WCE and obtained only 17.64 and 20.21 per cent control, respectively during
2018 and 2019. It was statistically comparable to T7 with 23.72 and 23.79 per cent
efficiency and significantly lower to all other treatments. Among tank mix application
of herbicides (Ts, Ts, Teand Tg), T3 recorded lower WCE of 51.10 and 50.37 per cent,
respectively during 2018 and 2019, and was statistically on par with Tg during 2019.

Pooled data of WCE at 15, 30 and 45 DATA revealed that Tg recorded 100
per cent weed control at 15 DATA. The treatments T1o and Te were found to be
statistically on par with Tgand realized 96.80 and 96.55 per cent WCE, respectively
during 15 DATA.



At 30 DATA, the highest WCE of 98.56 per cent was registered by T10 and
was statistically comparable with Te, T2 and Ts with 98.20, 96.61 and 95.40 per cent
efficiency, respectively. Critical appraisal of data at 45 DATA indicated that Tio
recorded the highest WCE of 92.84 per cent and the herbicide combination treatments
Te and Ts were statistically on par to Tio, acquired 89.70 and 84.81 per cent weed
control. Tz recorded the lowest WCE at all stages with 79.05, 67.92 and 18.92 per
cent control, respectively at 15, 30 and 45 DATA. Among the herbicide combinations
(T2, T3, Ts, T6 and T8), Tz recorded lower WCE compared to all other combinations
and recorded 50.73 per cent weed control at 45 DATA.

4.3.1.10 Control efficiency of L. chinensis

The data on control efficiency (CE) of L. chinensis at different stages during
2018 and 2019 are depicted in Table 44. CE was significantly influenced by the weed
management practices at 15, 30 and 45 DATA during both the years.

At 15 DATA, BS @ 0.025 kg ha + FPE @ 0.06 kg ha (Ts), FPE @ 0.06 kg
ha! (T7), SSB fb chemical weeding (Ts) and HW twice at 20 and 45 DAS (T1o)
realized 100 per cent control of L. chinensis during both the years. CB @ 0.08
kg ha'! + CE @ 0.02 kg ha (Ts) also recorded 100 per cent CE during 2018.
The lowest control efficiency of 44.17 and 61.08 per cent was recorded in BS @ 0.025
kg ha (T4), respectively during 2018 and 2019. All treatments, except T4 and Towere
statistically comparable with those treatments recorded 100 per cent CE during 2019.

Critical appraisal of data at 30 DATA revealed that T+ registered the highest
control efficiency of L. chinensis among the herbicidal treatments (T1 to Ts) during
both the years and recorded 96.29 and 98.82 per cent, respectively during 2018 and
2019. However, it was found to be on par with Ts, Tg and T1o, during both the years,
with 94.24,94.17 and 97.37 per cent and 97.88, 97.54 and 97.13 per cent, during 2018
and 2019. All other treatments except T4 and To recorded statistically on par values
in CE of L. chinensis during 2019. T4 recorded the lowest CE of 22.96 and 54.40 per
cent, respectively during 2018 and 2019 among the management practices.



The treatment Ts recorded lower CE of L. chinensis compared to T during
both the years, correspondingly recorded 89.70 and 92.75 per cent and 95.04 and
96.27 per cent during 2018 and 2019.

At 45 DATA, T7 recorded the highest CE of L. chinensis during both the years
with 97.10 and 96.47 per cent, respectively during 2018 and 2019. However, all other
weed management treatments except T, and T4 were statistically on par with T7during
both the years and ranged from 92.58 to 96.18 and 94.28 to 95.73 per cent,
respectively during 2018 and 2019. T4 recorded the lowest efficiency of controlling
L. chinensis during both the years with 37.07 and 47.80 per cent respectively, during
2018 and 2019.

Pooled data revealed that the treatments Te, T7, Tg and T1o were efficient in
managing L. chinensis and recorded 100 per cent CE at 15 DATA. At 30 and 45
DATA, the highest CE was obtained in T7with 97.55 and 96.78 per cent, respectively.
All other treatments except T4 was statistically on par to each other at 15 and 30
DATA. T4 recorded the lowest CE of 52.63, 38.68 and 42.43 per cent respectively at
15, 30 and 45 DATA. T, recorded lower CE of L. chinensis among the herbicide
combinations (T2, T3, Ts, Te and Tg) at 45 DATA, which was comparable to
unweeded control, even though was statistically on par to other combination
treatments at 15 and 30 DATA.

4.3.1.11 Weed index

Weed index (WI1) is a parameter to describe the extent of yield loss occurred
due to weed infestation in comparison with weed free plots. Weed management
practices exerted significant influence on weed index during 2018 and 2019 (Table
45). HW twice at 20 and 45 DAS (T10) was considered as the weed free plot for
calculating the weed index, since it recorded the minimum weeds and highest grain

yield among the treatments during both the years.



Bispyribac sodium @ 0.025 kg ha™ + FPE @ 0.06 kg ha™* (Ts) recorded the
lowest WI value of 3.26 during 2018 and was on par with PS + CB (6% OD) @ 0.15
kg hal (T2), BS @ 0.025 kg ha' + CB @ 0.08 kg ha™ (Ts) and SSB fb chemical
weeding (Tg) with WI values of 7.67, 11.33 and 18.29, respectively. Unweeded
control (Tg) recorded significantly higher weed index value of 56.77 compared to
other treatments, followed by FPE @ 0.06 kg ha™ (T7) and CB @ 0.08 kg ha (T1)
(34.96 and 33.69, respectively) during 2018.

Among the herbicidal treatments (T1 to Tg), Te recorded the lowest W1 of 2.93
during 2019, which was on par with T2, Ts and Ts. T1 recorded higher WI of 60.29
among the herbicidal treatments and was statistically on par with Ty, where the
highest yield reduction of 63.13 per cent was noticed, followed by T7 with WI of
42.96 during 2019.

Season long weed competition in unweeded control caused 56.77 per cent
reduction in yield during 2018 and the extent of yield reduction in 2019 was 63.13
per cent. Critical analysis of the pooled data showed a reduction in grain yield to the
tune of 59.95 per cent to uncontrolled weed competition in Tg, whereas the minimum
reduction in grain yield (3.09%) was resulted from tank mix application of Te.
However, this was statistically comparable to the obtained weed index of 7.83, 8.60

and 15.77 correspondingly through the application of T,, Tsand Ts.

It is evident from the data that combined application of various herbicides
recommended for grasses, BLWs and sedges resulted in statistically comparable
weed index values. The combined application of CB @ 0.08 kg ha! + CE @ 0.02
kg ha! (Ts) was an exception, where weed index values were higher (25.32 during
2018 and 23.05 during 2019) and were on par with BS @ 0.025 kg ha™ (T4) during
both years (23.59 and 23.22, respectively).



Table 43. Effect of weed management practices on weed control efficiency, %

WCE Pooled WCE
Treatments 2018 2019 15 30 45
15 30 45 15 30 45 | DATA | DATA | DATA
DATA | DATA | DATA | DATA | DATA | DATA
T: | cyhalofop butyl @ 0.08 kg ha 74.22 66.43 17.64 83.88 69.42 20.21 79.05 67.92 18.92
0,

T, gelng’fg“r'g? + cyhalofop butyl (6% OD) @ | g5 g9 | 9608 | 8447 | 9810 | 97.13 | 8324 | 9546 | 96.61 | 83.86
cyhalofop butyl @ 0.08 kg ha' +

T3 carfentrazone ethyl @ 0.02 kg ha't 78.17 77.20 51.10 87.84 84.50 50.37 83.01 80.85 50.73

T4 | bispyribac sodium @ 0.025 kg ha 77.85 82.82 61.93 85.07 88.90 60.84 81.46 85.86 61.39
bispyribac sodium @ 0.025 kg ha* +

Ts cyhalofop butyl @ 0.08 kg ha® 91.10 95.44 84.65 97.94 95.36 84.97 94.52 95.40 84.81
bispyribac sodium @ 0.025 kg ha* +

Te fenoxaprop-p-ethyl @ 0.06 kg ha'l 94.36 98.40 87.97 98.74 98.00 91.42 96.55 98.20 89.70

T, | fenoxaprop-p-ethyl @ 0.06 kg ha'* 76.37 67.17 23.72 85.06 77.31 23.79 80.72 72.24 23.75
stale seedbed fb glyphosate @ 0.8 kg ha +

Ts | oxyfluorfen @ 0.15 kg ha at 15 - 20 100.00 86.01 60.53 100.00 87.96 54.14 100.00 86.98 57.33
DALP + T3

Ty | unweeded control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T1o | hand weeding twice at 20 and 45 DAS 95.08 98.46 93.64 98.52 98.65 92.04 96.80 98.56 92.84

SEmz+. 1.94 1.18 2.43 1.89 151 5.73 1.32 1.21 2.92

CD (0.05) 5.783 3.518 7.234 5.617 4.482 17.049 3.938 3.614 8.692

WCE - Weed control efficiency; DATA - Days after treatment application; DAS - Days after sowing; DALP - Days after land preparation




Table 44. Effect of weed management practices on control efficiency of Leptochloa chinensis, %

Control Efficiency Pooled CE (%)
Treatments 2018 2019 15 30 45
15 30 45 15 30 45 DATA | DATA | DATA
DATA | DATA | DATA | DATA | DATA DATA

T: | cyhalofop butyl @ 0.08 kg ha 97.72 92.75 94.58 98.35 96.27 94.46 98.04 94.51 94.52
penoxsulam + cyhalofop butyl (6%

T» OD) @ 0.15 kg ha't 90.94 83.97 89.29 97.95 91.14 90.62 94.44 87.56 89.95
cyhalofop butyl @ 0.08 kg hat +

T3 carfentrazone ethyl @ 0.02 kg ha'l 100.00 | 89.88 92.58 98.77 96.30 94.45 99.38 93.09 93.52

T4 | bispyribac sodium @ 0.025 kg ha* 44.17 22.96 37.07 61.08 54.40 47.80 52.63 38.68 42.43
bispyribac sodium @ 0.025 kg ha* +

Ts cyhalofop butyl @ 0.08 kg ha 96.51 89.70 94.82 97.95 95.04 94.28 97.23 92.37 94.55

- - - _l

T, | Dispyribac sodium @ 0.025 kg ha "+ | 446 0 | 9494 | 9618 | 100.00 | 97.88 | 9573 | 10000 | 96.06 95.96
fenoxaprop-p-ethyl @ 0.06 kg ha

T, | fenoxaprop-p-ethyl @ 0.06 kg ha'* 100.00 | 96.29 97.10 | 100.00 98.82 96.47 100.00 97.55 96.78
stale seedbed fb glyphosate @ 0.8 kg

Ts | hat+ oxyfluorfen @ 0.15 kg ha at 100.00 | 94.17 94.88 | 100.00 97.13 95.01 100.00 95.65 94.94
15-20 DALP+ T3

To | unweeded control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tuo | o Weeding twice at 20 and 45 10000 | 97.37 | 9493 | 10000 | 9754 | 9538 | 10000 | 9745 | 95.16

SEmz. 1.18 1.17 2.51 6.14 6.84 1.79 3.23 3.57 1.26

CD (0.05) 3.523 3.496 7.484 | 18.249 | 20.325 5.333 9.611 10.634 3.751

CE - Control efficiency; DATA - Days after treatment application; DAS - Days after sowing; DALP - Days after land preparation




Table 45. Effect of weed management practices on weed index

Treatments eed Index Poo:ﬁg;\!%d
2018 2019
T1 | cyhalofop butyl @ 0.08 kg ha* 33.69 60.29 46.99
T2 | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha 7.67 7.98 7.83
Ts | cyhalofop butyl @ 0.08 kg ha + carfentrazone ethyl @ 0.02 kg ha* 25.32 23.05 24.19
Ta | bispyribac sodium @ 0.025 kg ha'* 23.59 23.22 23.41
Ts | bispyribac sodium @ 0.025 kg ha™* + cyhalofop butyl @ 0.08 kg ha' 11.33 5.87 8.60
Te | bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p-ethyl @ 0.06 kg ha' 3.26 2.93 3.09
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha* 34.96 42.96 38.96
T4 Z'iaies s_esgb[()ei\ bePgly_IQ?osate @ 0.8 kg ha + oxyfluorfen @ 0.15 kg ha'* 18.99 13.26 15.77
To | unweeded control 56.77 63.13 59.95
T1o | hand weeding twice at 20 and 45 DAS 0.00 0.00 0.00
SEm+. 3.45 4.27 3.71
CD (0.05) 18.031 13.444 13.262

DAS - Days after sowing; DALP - Days after land preparation




4.3.2 Observations on crop
4.3.2.1 Visual symptoms of phytotoxicity

Visual symptoms of phytotoxicity and the degree of toxicity were scored
during both 2018 and 2019 at four and seven days after spraying (Table 46) to assess
whether the applied herbicides had any toxicity in rice plants. Phytotoxicity symptoms
were graded on a visual scale of 0-5 as per Abraham and Thomas (2007), where 0

indicated no phytotoxicity and 5 indicated complete destruction of crops (Table 4).

Among various herbicidal treatments, CB @ 0.08 kg ha* + CE @ 0.02 kg
ha! (Ts), BS @ 0.025 kg ha + FPE @ 0.06 kg ha* (Ts), FPE @ 0.06 kg ha* (T7) and
SSB fb chemical weeding (Ts) resulted in severe injury on crop at 4™ day after spraying
(DASP) and recorded a score of 3 during both the years. However, the crop in Te and
T7 recouped at 7" DASP and registered a score of 1 and 2, respectively during 2018
and 2019. The treatments comprised of CE i.e., Tz and Tg exhibited brownish
discolouration with white halo on leaves and leaf sheath. However, the symptom
alleviated to small brown spots by seven days. Treatments involving FPE (Te and T7)

caused phytotoxic symptoms on rice in the form of white streaks on leaves.

All herbicides showed phytotoxic effect on weeds both at three and seven
DASP. The scoring ranged from three to five, indicating good control to complete
control. Application of FPE caused phytotoxic symptoms on weeds in the form of

purple blotches on leaves and the growing portion of the grass weeds.
4.3.2.2 Height of plants at 30, 60 DAS and at harvest

Data regarding the influence of various weed management practices on plant
height at 30 DAS, 60 DAS and at harvest were analysed statistically and are given in
Table 47. At 30 DAS, the plant height was not statistically influenced by weed
management practices during both the years and the average plant height ranged from
43.0 to 53.0 cm and 49.36 to 57.43 cm, respectively during 2018 and 2019.



Critical appraisal of data at 60 DAS indicated that BS @ 0.025 kg ha™* (Ta)
recorded the maximum plant height of 87.33 and 86.18 cm, respectively during 2018
and 2019 and was statistically on par with CB @ 0.08 kg ha™* + CE @ 0.02 kg ha!
(Ts), HW twice at 20 and 45 DAS (T10), BS @ 0.025 kg ha*+ CB @ 0.08 kg ha™* (Ts)
and SSB fb chemical weeding (Tg) during 2018. Unweeded control recorded
significantly lower plant height of 69.00 and 62.05 cm, respectively during 2018 and
2019. All other treatments were found to be statistically comparable with each other
and were significantly superior to unweeded control during 2019 at 60 DAS.

At harvest, considerable difference in plant height was observed in response to
weed management practices during both the years. During 2018, T4 recorded the
maximum plant height with mean value of 100.16 cm and was found be statistically
on par with T3, Ts, Ts, T2, T7, T10 and Ts, correspondingly recorded 99.33, 98.33, 97.33,
96.77,96.77,95.54 and 92.79 cm. During 2019, Tg recorded the maximum plant height
of 104.88 cm and was found to be on par with Ts, T2, Te and Tz with 104.44, 102.77,
102.44 and 101.60 cm. The shortest plant was observed in unweeded control (Tg) with
86.66 and 88.91 cm in 2018 and 2019.

4.3.2.3 Number of tillers m2

Tillering capacity reflects the ability of the plant to make use of space, light
and nutrition effectively and it finally contributes to yield. The data regarding number
of tillers m2 at harvest during both years are depicted in Table 47.

At harvest, the highest number of tillers m? (336.00) was recorded in BS @
0.025 kg hat+ CB @ 0.08 kg ha™* (Ts) during 2018, which was statistically on par with
BS @ 0.025 kg ha* + FPE @ 0.06 kg ha* (Te), PS + CB (6% OD) @ 0.15 kg ha* (T>),
BS @ 0.025 kg ha™ (T4) and HW twice at 20 and 45 DAS (T10). Unweeded control
(Te) recorded the lowest number of tillers (202.66 m2) during 2018 followed by CB
@ 0.08 kg ha (T1), CB @ 0.08 kg ha + CE @ 0.02 kg ha™* (Ts) and FPE @ 0.06 kg
ha* (T7) with average tiller number of 249.33, 285.33 and 289.33 m™, respectively.



Tiller production was the highest in the treatment Te during 2019 (336.00 m)
and was found to be statistically comparable with Ts, T1o, T2, Tg and Ta, congruently
recorded 330.66, 330.66, 328.0, 322.66 and 321.33 tillers m2. Unweeded control (Tg)
recorded the lowest number of tillers (197.33 m) during 2019 followed by T; (265.33
m2) and T7 (270.66 m™).

Among the herbicide combination treatments (T2, Tz, Ts, Te and Tg), T3
recorded significantly lower tiller number m? of 285.33 and 302.66, respectively
during 2018 and 2019, and was statistically comparable with T7 during 2018.
T4 recorded statistically comparable tiller number with herbicide combination

treatments during both the years.
4.3.2.4 Number of panicles m

The effect of various treatments on number of panicles (productive tillers) m

is presented in Table 48.

The highest number of panicles m? of 304.00 was recorded in HW twice at 20
and 45 DAS (T1) and PS + CB (6% OD) @ 0.15 kg ha (T2) during 2018 and
registered an average of 307.6 and 306.6 panicles m, respectively during 2019. This
was statistically comparable with BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha (Ts), SSB
fb chemical weeding (Ts), BS @ 0.025 kg ha'+ CB @ 0.08 kg ha (Ts), BS @ 0.025
kg hal (T4) and CB @ 0.08 kg ha + CE @ 0.02 kg ha (T3) with average number of
301.33, 274.66, 272.0, 264.0 and 254.66 panicles m2, respectively during 2018. Te and
Ts with 304 and 276 panicles m were statistically comparable to T1o and T during
2019.

Panicle count was the least in unweeded control during both years (100.00 and
104.00 m respectively), followed by CB @ 0.08 kg ha* (T1) and FPE @ 0.06 kg ha
(T7) during both years. Among the tank mix treatments (T3, Ts, Ts and Tg), CB @ 0.08
kg hal + CE @ 0.02 kg ha (Ts) recorded the lowest number of panicles m during
2019, while its combination with SSB fb chemical weeding (Ts) was statistically on
par with all other treatments including herbicide combinations.



Table 46. Visual symptoms of phytotoxicity on 4" and 7™" day after spraying

2018 2019
4" DASP 7"DASP 4" DASP 7"DASP
Treatments Score | Score | Score | Score | Score | Score | Score | Score
on on on on on on on on
crop | weeds | crop | weeds | crop | weeds | crop | weeds
T1 | cyhalofop butyl @ 0.08 kg ha' 0 3 0 3 0 3 0 3
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 0 4 1 4 0 4 0 4
1
T, %hﬁaellgfop butyl @ 0.08 kg ha™ + carfentrazone ethyl @ 0.02 3 3 3 3 3 3 3 3
T4 | bispyribac sodium @ 0.025 kg ha* 0 4 0 4 0 3 0 4
. - - 1
T ﬁ:}s%rllbac sodium @ 0.025 kg ha™ + cyhalofop butyl @ 0.08 0 4 0 5 0 5 0 5
— . T —
Te blspyrlbac_fodlum @ 0.025 kg ha™ + fenoxaprop-p-ethyl @ 3 5 | 5 3 4 ) 5
0.06 kg ha
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™ 3 4 2 3 3 4 2 3
stale seedbed fb glyphosate @ 0.8 kg ha™ + oxyfluorfen @

Te 1015 kg ha at 15-20 DALP+T3 3 4 3 3 3 3 3 3
To | unweeded control 0 0 0 0 0 0 0 0
T1o | hand weeding twice at 20 and 45 DAS 0 0 0 0 0 0 0 0

DASP - Days after spraying; DALP - Days after land preparation; DAS - Days after sowing




Table 47. Effect of weed management practices on plant height and number of tillers m

Plant height (cm)

No. of tillers m

Treatments 2018 2019
30 60 H 30 60 H 2018 2019
DAS | DAS arvest | AS DAS arvest
T1 | cyhalofop butyl @ 0.08 kg ha 4746 | 78.83 90.99 55.83 | 83.11 98.66 | 249.33 | 265.33
0
T, Eg”ﬁ;f”'am + cyhalofop butyl (6% OD) @ 0.15 | 44 99 | 8166 | 9677 | 54.83 | 82.88 | 102.77 | 316.00 | 328.00
cyhalofop butyl @ 0.08 kg ha™* + carfentrazone
T3 ethyl @ 0.02 kg hat 48.33 | 87.00 99.33 53.31 | 81.41 | 101.60 | 285.33 | 302.66
T4 | bispyribac sodium @ 0.025 kg ha* 4473 | 87.33 | 100.16 | 52.88 | 86.18 | 100.00 | 314.66 | 321.33
bispyribac sodium @ 0.025 kg ha* + cyhalofop
Ts butyl @ 0.08 kg ha'® 47.20 | 82.33 92.79 55.80 | 85.38 104.44 | 336.00 | 330.66
bispyribac sodium @ 0.025 kg ha +
Te fenoxaprop-p-ethyl @ 0.06 kg ha™ 44.19 | 81.66 98.33 53.14 | 83.76 102.44 | 318.66 | 336.00
T | fenoxaprop-p-ethyl @ 0.06 kg ha* 44.66 | 79.99 96.77 57.43 | 80.50 | 95.22 | 289.33 | 270.66
stale seedbed fb glyphosate @ 0.8 kg ha* +
Ts oxyfluorfen @ 0.15 kg ha! at 15-20 DALP + T 43.00 | 83.66 97.33 49.36 | 82.21 | 104.88 | 302.66 | 322.66
To | unweeded control 53.00 | 69.00 86.66 52.85 62.05 88.91 | 202.66 | 197.33
T10 | hand weeding twice at 20 and 45 DAS 50.60 | 85.33 95.54 55.56 | 82.16 99.11 | 313.33 | 330.66
SEm+. 0.79 1.04 1.00 0.55 1.35 0.91 7.27 8.07
CD (0.05) - 5.434 7.615 - 7.061 3.876 | 23.520 | 24.632

DAS - Days after sowing; DALP - Days after land preparation




4.3.2.5 Number of grains per panicle

The data on influence of weed management practices on number of grains per
panicle were statistically analysed and presented in Table 48. The number of grains
per panicle ranged from 96.33 to 133.33 during 2018 and 106.00 to 176.00 during
2019.

The highest number of 133.66 grains per panicle was recorded in PS + CB
(6% OD) @ 0.15 kg ha (T2) during 2018 and was found to be statistically
comparable with HW twice at 20 and 45 DAS (T10), BS @ 0.025 kg ha + FPE @
0.06 kg ha (Ts), BS @ 0.025 kg hal+ CB @ 0.08 kg ha (Ts), BS @ 0.025 kg ha
(T4) and SSB fb chemical weeding (Ts) with 133.33, 132.66, 131.66, 120.66 and

116.33 grains per panicle, respectively.

During 2019, the highest number of grains per panicle of 176.00 was noted in
Te and was comparable with Tio, Ts, T4, T2and T3, correspondingly recorded 170.33,
170.0, 167.66, 162.66 and 161.0 grains per panicle. Unweeded control plot (To)
registered 96.33 and 106.00 grains per panicle, respectively during 2018 and 2019,

recorded the lowest number of grains per panicle during both years.
. 4.3.2.6 Percentage of filled grains

The data on percentage of filled grains was statistically evaluated and are

presented in Table 48.

The percentage of filled grains ranged from 44.24 to 71.73 during 2018 and
53.42 to 79.14 during 2019. Hand weeding twice at 20 and 45 DAS (T1o) recorded
the highest percentage of filled grains, 71.73 and 79.14, respectively during 2018 and
2019. BS @ 0.025 kg ha* + FPE @ 0.06 kg ha (Ts), penoxsulam + CB (6% OD) @
0.15 kg ha* (T2), SSB fb chemical weeding (Ts), BS @ 0.025 kg ha'+ CB @ 0.08
kg ha (Ts) and BS @ 0.025 kg ha (T4) were on par with T1o during both the years
with 71.66, 68.22, 66.43, 63.07 and 61.08 per cent and 76.11, 77.83, 67.68, 72.62 and
69.43 per cent, respectively during 2018 and 2019.



Unweeded control (To) recorded the lowest filled grain percentage of 44.24
and 53.42, respectively during 2018 and 2019 and was statistically on par with CB @
0.08 kg ha* (T1) with 52.87 and 60.16 per cent, respectively during 2018 and 2019.
CB @ 0.08 kg hat + CE @ 0.02 kg ha* (T3) and FPE @ 0.06 kg ha (T7) with 64.23

and 65.04 per cent were also statistically comparable to T1 and Tz during 20109.
4.3.2.7 Thousand grain weight

The influence of weed management practices on thousand grain weight is
shown in Table 48. There was no significant difference among treatments with respect
to thousand grain weight (test weight) of seeds during both years and ranged from
22.2 t0 24.5 during 2018 and 22.3 to 25.6 during 2019.

4.3.2.8 Grain yield

Perusal of the data on influence of weed management practices on grain yield
during 2018 and 2019 were statistically evaluated and furnished in Table 49. Grain
yield was significantly influenced by weed management treatments during both the
years. All the tested herbicides and its combinations (T1 to Tg) improved the grain
yield compared to unweeded control during both the years.

Hand weeding twice at 20 and 45 DAS (T10) recorded the highest grain yield
of 4.93 and 5.47 t ha’?, respectively during 2018 and 2019. BS @ 0.025 kg ha + FPE
@ 0.06 kg ha* (Te), PS + CB (6% OD) @ 0.15 kg ha (T2) and BS @ 0.025 kg ha!
+CB @ 0.08 kg ha (Ts) were found to be on par with T1o during both the years with
a grain yield of 4.76, 4.55 and 4.37 t ha'and 5.30, 5.03 and 5.14 t ha™l, respectively
during 2018 and 2019. SSB fb chemical weeding (Ts) with 4.74 t ha! was also
statistically comparable with Tig, Ts, Tsand T2 during 2019. Among the herbicidal
treatments (T1 to Ts), the lowest grain yield of 3.20 and 2.17 t ha™ was obtained in
FPE @ 0.06 kg ha* (T7) and CB @ 0.08 kg ha (T1), respectively during 2018 and
2019. Grain yield reported in unweeded control was 2.13 and 2.01 t ha™?, respectively
during 2018 and 2019. However, the yield in Tg was ststistically comparable with T
during 2019 with 2.17 t ha™.



Table 48. Effect of weed management practices on yield components

No. of panicles | No. of grains per Percentage of Tr_mousapd
Treatments m panicle filled grains graln(;\;elght
2018 | 2019 | 2018 | 2019 | 2018 | 2019 | 2018 | 2019
T1 | cyhalofop butyl @ 0.08 kg ha't 224.00 | 210.66 | 114.00 | 139.00 | 52.87 | 60.16 | 243 | 24.0
T, ﬁz_’loxsu'am + cyhalofop butyl (6% OD) @ 0.15kg | 504 1o | 306.66 | 133.66 | 162.66 | 68.22 | 77.83 | 245 | 245
Ts ghoal'oog‘?(%%‘g_{" @ 0.08 kg ha™ + carfentrazone ethyl | ,e) 5 | 94000 | 111,66 | 161.00 | 58.35 | 6423 | 241 | 22.8
Ts bispyribac sodium @ 0.025 kg ha™* 264.00 | 258.66 | 120.66 | 167.66 | 61.08 69.43 245 | 225
Ts %Sg?gébﬁg ?]‘;‘_jli“m @ 0.025 kg ha™ + eyhalofop butyl | 7 05 | 57600 | 131.66 | 170.00 | 63.07 | 72.60 | 239 | 22.3
Te gt'ﬁ'g’/}’g’%cgg%‘wa@ 0.025 kg ha™ + fenoxaprop-p- | 501 33 | 304 00 | 132,66 | 176.00 | 7166 | 7641 | 222 | 240
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha't 213.33 | 228.00 | 114.00 | 151.33 | 57.90 | 65.04 | 238 | 2556
Ts thﬁlz(ﬁgﬁ ‘gbo?’l'gp;‘g" sate @ 08kgha + I 274.66 | 258.66 | 11633 | 14500 | 6643 | 67.68 | 23.6 | 24.3
To | unweeded control 100.00 | 104.00 | 96.33 | 106.00 | 44.24 53.42 229 | 23.0
T10 | hand weeding twice at 20 and 45 DAS 304.00 | 307.60 | 133.33 | 170.33 | 71.73 79.14 235 | 233
SEmz. 12.05 | 1147 | 275 | 423 | 195 | 180 | 025 | 0.30
CD (0.05) 58.161 | 46.600 | 17.941 | 22.463 | 13.308 | 12.389 - -

DALP - Days after land preparation; DAS - Days after sowing




The data on grain yield obtained during 2018 and 2019 were pooled, evaluated
statistically and the data is presented in Table 49. Weed management practices had
significant influence on pooled grain yield and T1o recorded the highest grain yield of
5.20 t hal, which was on par with the grain yield registered in the herbicide
combination treatments Te, T> and Ts recorded 5.03, 4.79 and 4.76 t ha®,
respectively. Among the herbicide combination treatments (T2, Ts, Ts, Te and Tg), the
lowest pooled grain yield of 3.95 t ha® was obtained in Ts. Ty recorded the lowest

pooled grain yield of 2.07 t ha™.
4.3.2.9 Straw yield

Data on straw yield of 2018 and 2019 and the pooled mean as influenced weed
management practices were statistically analysed and furnished in Table 49. Straw
yield was significantly influenced by weed management practices during both the
years. All the tested herbicides and the herbicide combinations were observed to

improved the straw yield compared to unweeded control during both the years.

During 2018, straw yield followed the same trend as of grain yield. The
highest straw yield of 6.84 t ha™* was recorded in HW twice at 20 and 45 DAS (T1o)
which was found to be statistically on par with BS @ 0.025 kg ha + FPE @ 0.06
kg hal (Ts) and PS + CB (6% OD) @ 0.15 kg ha* (T2) with a straw yield of 6.12 and
6.06 t ha. Tank mix application of CB @ 0.08 kg ha? + CE @ 0.02 kg ha™ (Ts)
recorded comparatively lower straw yield (4.99 t ha!) than all other treatments with
herbicide combinations (T2, T3, Ts, Ts and Tg). Amongst the herbicidal treatments
applied, CB @ 0.08 kg ha* (T1) registered the lowest straw yield of 4.51 t ha' and
was statistically on par with and FPE @ 0.06 kg ha* (T7) and unweeded control (To),
recorded 4.52 and 3.88 t ha, respectively.

During 2019, the highest straw yield of 6.79 t hat was obtained in Tioas in
2018. The treatments Te, T> and Ts were found to be statistically on par with Tio,
correspondingly recorded 6.37, 6.27 and 6.09 t ha*. The lowest straw yield of 3.58
t hat among the herbicidal treatments (T1 to Tg) was obtained in T1, which was on

par with Tg and T+, respectively recorded 3.42 and 4.30 t ha™.



Among the various weed management practices adopted, Tio recorded
significantly higher pooled straw yield of 6.82 t ha™. Application of Te resulted in the
highest pooled straw yield of 6.25 t ha™ among the herbicidal treatments (T1 to Ts)
and was found to be on par with T2 and Ts with 6.18 and 6.00 t ha™, respectively.
Among the herbicidal treatments, the lowest pooled straw yield was obtained in T
(4.06 t ha'l), which was statistically on par with T and T7 with 3.66 and 4.41 t ha™,

respectively.
4.3.2.10 Total dry matter production

The data on effect of weed management practices on total dry matter
production (DMP) in WSR at harvest is represented in Table 50.

Analysis of data revealed that HW twice at 20 and 45 DAS (T1o) recorded the
highest DMP of 9465.76 and 10,156.60 kg ha, respectively during 2018 and 2019.
Herbicide combination treatments BS @ 0.025 kg ha* + FPE @ 0.06 kg ha (Tg), PS
+CB (6% OD) @ 0.15 kg ha™ (T2) and BS @ 0.025 kg ha™ + CB @ 0.08 kg ha* (Ts)
were on par to Tio during both the years with 8736.79, 8578.88 and 8304.21 kg ha™
and 9573.33, 8920.33, and 9177.66 kg ha, respectively during 2018 and 2019.
Among the various weed management practices tried, CB @ 0.08 kg ha* (T1) and
FPE @ 0.06 kg ha (T7) resulted in lower DMP of 4429.46 and 4582.54 kg ha™* and
4083.13 and 5082.86 kg ha™, respectively during 2018 and 2019.

Perusal of the data on pooled DMP also showed that T1o recoreded the highest
DMP (9811.183 kg ha*) and was found to be on par to Tes, T2 and Ts with 9155.06,
8749.60 and 8740.94 kg ha?, respectively. Unweeded control (Tg) recorded the
lowest total DMP (3547.53 kg ha'), which was on par with T1, recorded 4256.30 kg
ha'™.

4.3.2.11 Harvest index

From the data obtained for grain and straw yield, harvest index (HI) was
calculated separately for 2018 and 2019, analysed statistically and presented along
with the pooled data in Table 50.



Table 49. Effect of weed management practices on grain yield and straw yield, t ha

Grain yield Straw vyield Pooled yield
Treatments (tha) (t ha) (tha™)

2018 2019 2018 2019 Grain | Straw

T1 | cyhalofop butyl @ 0.08 kg ha™* 3.26 2.17 4.51 3.58 2.72 4.06
T, | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™* 4.55 5.03 6.06 6.27 4.79 6.18
T, ﬁ;a/_hlalofop butyl @ 0.08 kg ha* + carfentrazone ethyl @ 0.02 kg 3.68 490 4.99 5.65 3.95 533
T4 | bispyribac sodium @ 0.025 kg ha 3.76 4.19 5.64 5.26 3.98 5.45
Te ﬁias_,g)yribac sodium @ 0.025 kg ha™ + cyhalofop butyl @ 0.08 kg 437 514 5.2 6.00 476 6.00
To ﬁgs%rlibac sodium @ 0.025 kg ha* + fenoxaprop-p-ethyl @ 0.06 476 530 6.12 6.37 5.03 6.25
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha 3.20 3.12 4.52 4.30 3.16 441

stale seedbed fb glyphosate @ 0.8 kg ha™ + oxyfluorfen @ 0.15

Ts kg ha at 15-20 DALP + T 4.02 4.74 5.52 5.89 4.38 5.72
To | unweeded control 2.13 2.01 3.88 3.42 2.07 3.66
T10 | hand weeding twice at 20 and 45 DAS 4.93 5.47 6.84 6.79 5.20 6.82
SEmz. 0.17 0.23 0.17 0.22 0.19 0.18
CD (0.05) 0.881 | 0911 | 0.843 | 0.755 | 0.700 | 0.533

DALP - Days after land preparation; DAS - Days after sowing



Table 50. Effect of weed management practices on total dry matter production and harvest index

Total DMP Pooled DMP Harvest Pooled
Treatments (kg ha) g Index
2018 2019 (kgha™) o018 | 2019 | Harvest Index
T1 | cyhalofop butyl @ 0.08 kg ha* 4429.46 4083.13 4256.30 042 | 0.38 0.39
0
T, Egﬂoxsu'am + cyhalofop butyl (6% OD) @ 0.15kg | 57008 | 892033 | 874960 | 0.42 | 0.44 0.44
cyhalofop butyl @ 0.08 kg ha™* + carfentrazone
T3 ethyl @ 0.02 kg ha 6431.40 7516.33 6973.86 041 | 0.43 0.42
T4 | bispyribac sodium @ 0.025 kg ha* 7012.28 7277.13 7144.71 0.40 | 0.44 0.43
bispyribac sodium @ 0.025 kg ha + cyhalofop
Ts butyl @ 0.08 kg ha 8304.21 9177.66 8740.94 043 | 0.45 0.45
bispyribac sodium @ 0.025 kg ha™ + fenoxaprop-p-
Te ethyl @ 0.06 kg ha® 8736.79 9573.33 9155.06 043 | 0.45 0.44
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha' 4582.54 5082.86 4832.70 042 | 042 0.42
stale seedbed fb glyphosate @ 0.8 kg ha™ +
Ts oxyfluorfen @ 0.15 kg ha™ at 15 - 20 DALP + Ts 7192.73 7866.46 7529.60 0.43 | 0.45 0.44
To | unweeded control 3513.13 3581.93 3547.53 036 | 0.37 0.37
T1o | hand weeding twice at 20 and 45 DAS 9465.76 | 10156.00 9811.18 0.41 | 0.45 0.43
SEmz+. 384.18 425.54 397.43 0.004 | 0.001 0.002
CD (0.05) 1436.983 | 1318.226 1144.330 0.036 | 0.046 0.037

DMP - Dry matter production; DALP

- Days after land preparation; DAS - Days after sowing




Weed management practices had significant influence on Hl under wet seeded
condition during both the years. The highest HI of 0.43 was recorded in BS @ 0.025
kg hal+ CB @ 0.08 kg ha' (Ts), BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha* (T¢) and
SSB fb chemical weeding (Tg) during 2018 and was statistically similar with all other
treatments except unweeded control (Tg), recorded the lowest HI of 0.35. During
2019, the treatments Ts, Ts, Tg and Tio registered the highest HI of 0.45 and was
statistically on par with all other treatments except T1 and To. A lower HI of 0.37 and

0.38, respectively was obtained in Tg and Tx.

The data on pooled HI indicated that the treatment Ts registered the highest
HI of 0.45. However, the treatment was found to be on par with all other treatments

except Tg and Tz, which recorded the lowest HI of 0.37 and 0.39, respectively.
4.3.2.12 NPK uptake by the crop at harvest

The data on nutrient uptake by crop at harvest during both years are presented in
Tables 51 to 53.

4.3.2.12.1 Nitrogen uptake

The data regarding the nitrogen (N) uptake by grain and straw and total
nitrogen uptake by the crop at harvest are depicted in Table 51. Weed management
treatments had significant influence on the N uptake by grains at harvest. The N
uptake by grains ranged from 26.81 to 96.01 kg ha during 2018 and 20.09 to 92.74
kg ha* during 2019.

Critical analysis of data regarding N uptake by grains revealed that HW twice
at 20 and 45 DAS (T1o) recorded the highest uptake during both the years with 96.01
and 92.74 kg hal, respectively during 2018 and 2019. However, the herbicide
combinations BS @ 0.025 kg ha + FPE @ 0.06 kg ha* (Te), PS + CB (6% OD) @
0.15 kg ha' (T2) and BS @ 0.025 kg ha™* + CB @ 0.08 kg ha™ (Ts) were on par with
T1o during 2018 and recorded 81.55, 77.46 and 76.20 kg ha?, respectively. T6 with
79.35 kg ha was found to be on par to T1o during 2019 also.



Among the herbicidal treatments (T1 to Ts), CB @ 0.08 kg ha* (T1) recorded
the lowest N uptake by grains during both the years, recorded 44.52 and 32.41
kg ha’l, respectively during 2018 and 2019 and was found to be on par with unweeded
control with 26.81 and 20.09 kg hal, respectively.

The N uptake by straw ranged from 23.77 to 66.67 kg ha* during 2018 and
14.12 to 71.87 kg ha during 2019. T1o recorded the highest uptake during both the
years (66.67 and 71.87 kg ha't, respectively during 2018 and 2019) and was found to
be on par with Ts, T2 and Ts, recorded 65.98, 63.28 and 60.48 kg hal, respectively
during 2018. Application of T1 and T~ recorded lower N uptake by straw, registered
25.70 and 32.79 kg ha! and 17.80 and 18.77 kg ha?, respectively during 2018 and
2019, which were statistically on par with Te during both years, recorded 23.77 and
14.12 kg ha', respectively.

Weed management treatments did have a significant influence on the total N
uptake by crop at harvest. In the case of total N uptake, T1o recorded the highest
uptake of 162.68 and 164.62 kg ha™ respectively during 2018 and 2019, which was
on par with Te, T2 and Ts during 2018, recorded 147.54, 140.74 and 136.68 kg ha™.
Unweeded control (Tg) recorded the lowest total N uptake during both years (50.58
and 34.21 kg ha®, respectively) and was found to be statistically on par with T1 during
both 2018 and 2019, recorded 70.22 and 50.21 kg ha™, respectively.

4.3.2.12.2 Phosphorus uptake

The data pertaining phosphorus (P) uptake by grain and straw and total
phosphorus uptake are presented in Table 52. P uptake was significantly influenced
by weed management treatments at harvest during 2018 and 2019. Phosphorus uptake
by grains ranged from 2.90 to 8.97 kg ha* during 2018 and 2.38 to 9.50 kg ha™* during
2019.

Critical analysis of data regarding P uptake by grains revealed that HW twice
at 20 and 45 DAS (T1o) recorded the highest uptake during both the years (8.97 and
9.50 kg ha'?, respectively). This was found to be on par with herbicide combination
treatments BS @ 0.025 kg ha* + FPE @ 0.06 kg ha* (Te), PS + CB (6% OD) @ 0.15



kg ha' (T2) and BS @ 0.025 kg ha + CB @ 0.08 kg ha (Ts) during both the years,
recorded 8.28, 7.61 and 7.10 kg ha* and 8.29, 7.42 and 8.11 kg ha, respectively
during 2018 and 2019. Among the herbicidal treatments (T1 to Tg), CB @ 0.08 kg ha
1(T1) and FPE @ 0.06 kg ha* (T7) recorded lower P uptake by grain during both the
years and was statistically comparable with unweeded control (Ts), recorded 3.61,
3.96and 2.90 kgha'and 2.73, 3.01 and 2.38 kg ha™*, respectively during 2018 and
2019.

Phosphorus uptake by straw ranged from 1.60 to 6.36 kg ha™* during 2018 and
1.08 to 6.14 kg ha* during 2019. The herbicide combination treatments T and T
resulted in higher uptake of 5.97 and 5.55 kg ha! and 5.82 and 4.79 kg ha®,
respectively during 2018 and 2019, which were statistically comparable to T1o (6.36
and 6.14 kg hal, respectively) during both the years. Among the herbicidal
treatments (T1 to Ts), T resulted in lower P uptake by straw of 1.93 and 2.04
kg ha’l, respectively during 2018 and 2019 and was found to be statistically on par
with Ty during both years, recorded 1.60 and 1.08 kg hal, respectively.

Weed management practices significantly improved the total P uptake by the
crops at harvest during both the years compared to unweeded control. A higher uptake
of P was obtained in herbicide combination treatments Ts, T2 and Ts, recorded on par
values of 14.25, 13.16 and 11.83 kg ha! and 14.11, 12.22 and 12.54 kg ha*,
respectively during 2018 and 2019. These treatments were found to be statistically
comparable with T1o, which recorded the highest total uptake of 15.33 and 15.64
kg hal, respectively during 2018 and 2019. Application of T1 and T7 resulted in lower
P uptake during both the years and was statistically comparable with Ty, recorded
5.55, 7.66 and 4.50 kg ha™ and 4.78, 5.67 and 3.47 kg ha', respectively during 2018
and 20109.

4.3.2.12.3 Potassium uptake

Potassium (K) uptake by rice also followed the same trend as N uptake. K
uptake was expressively influenced by weed management treatments during both

years.



The data on the K uptake by grains, straw and total K uptake at harvest are
given in Table 53. K uptake ranged from 7.34 to 38.44 kg ha* by grains and 31.72 to
133.99 kg ha by straw during 2018 and 6.01 to 21.85 kg ha™* by grains and 31.02 to
150.41 kg ha* by straw during 2019.

At harvest, the highest K uptake of 38.44 and 21.85 kg ha by grains was
noted in HW twice at 20 and 45 DAS (T1o0), respectively during 2018 and 2019. The
herbicide combination treatments BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha™* (T¢) and
PS + CB (6% OD) @ 0.15 kg ha (T) were found to be statistically comparable with
T1o during both the years and recorded 33.39 and 30.65 kg ha* and 20.24 and 18.57
kg ha?, respectively during 2018 and 2019. A lower K uptake by grains of 9.71 and
10.81 kg ha* and 9.09 and 9.22 kg ha’l, respectively was recorded in CB @ 0.08 kg
ha! (T1) and FPE @ 0.06 kg ha* (T7) during 2018 and 2019, which were statistically

comparable with unweeded control (Tg), recorded 7.34 and 6.01 kg ha'?, respectively.

The K uptake by straw ranged from 31.72 to 133.99 kg ha* during 2018 and
31.02 to 150.41 kg ha during 2019. Among the herbicidal treatments (T1 to Ts), Te
resulted in the highest K uptake of 120.32 and 127.60 kg ha, respectively during
2018 and 2019, which was statistically on par to T, and Ts and also with To, recorded
117.31, 116.08 and 133.99 kg hal, respectively during 2018. Ty recorded the lowest
K uptake during both the years and was statistically comparable with T, and T+,
recorded 31.72, 51.12 and 56.18 kg hal and 47.53, 49.99 and 31.02 kg ha?,
respectively during 2018 and 2019.

Weed management treatments significantly enhanced the total K uptake by
the crops during both the years. T1o recorded the highest uptake of 172.44 and 172.26
kg hal, respectively during 2018 and 2019. This was on par with Te, T, and Ts,
recorded 153.52, 147.97 and 142.42 kg ha?, respectively during 2018. The lowest K
uptake was recorded in To during both years and was on par to the herbicidal
treatments (T1 to Ts) T1 and T during both years, recorded 60.84 and 67.00 kg ha™
and 56.62 and 59.21 kg ha*, respectively during 2018 and 2019. Among tank mix
applications (T3, Ts, Te and Ts), T3 recorde lower K uptake with 90.51 and 108.60
kg hat, respectively during 2018 and 2019.



Table 51. Effect of weed management practices on nitrogen uptake at harvest, kg ha

N uptake
Treatments 2018 2019
Grains | Straw | Total | Grains | Straw | Total

T1 | cyhalofop butyl @ 0.08 kg ha™ 4452 | 2570 | 70.22 | 32.41 | 17.80 | 50.21
T2 | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 77.46 | 63.28 | 140.74 | 65.05 | 44.70 | 109.75
Ts | cyhalofop butyl @ 0.08 kg ha™* + carfentrazone ethyl @ 0.02 kg ha™* 61.77 | 45.44 | 10722 | 52.45 | 29.88 | 82.33
T4 | bispyribac sodium @ 0.025 kg ha™* 66.62 | 47.01 | 113.64 | 44.27 | 24.62 | 68.89
Ts | bispyribac sodium @ 0.025 kg ha™* + cyhalofop butyl @ 0.08 kg ha™ 76.20 | 60.48 | 136.68 | 69.45 | 41.72 | 111.17
Te | bispyribac sodium @ 0.025 kg ha* + fenoxaprop-p-ethyl @ 0.06 kg ha™ | g1 55 | 6598 | 14754 | 7935 | 57.96 | 137.31
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™* 48.65 | 32.79 | 81.44 | 4257 | 18.77 | 61.34
To Zﬂ% fegngdAbepglyTpg‘osate @ 0.8 kgha' + oxyfluorfen @ 0.15 kg ha™ | o7 10 | 4735 | 17488 | 5440 | 3243 | 8684
Ty | unweeded control 26.81 | 23.77 | 50.58 | 20.09 | 14.12 | 34.21
Tio | hand weeding twice at 20 and 45 DAS 96.01 | 66.67 |162.68 | 92.74 | 71.87 | 164.62
SEmz. 399 | 3.26 | 1142 | 401 | 351 | 7.27

CD (0.05) 21.331 | 16.960 | 29.393 | 17.388 | 13.898 | 25.269

DALP - Days after land preparation; DAS - Days after sowing




Table 52. Effect of weed management practices on phosphorus uptake at harvest, kg ha™

P uptake
Treatments 2018 2019

Grains | Straw | Total | Grains | Straw | Total
T1 | cyhalofop butyl @ 0.08 kg ha™ 361 | 1.93 | 555 | 2.73 | 2.04 | 4.78
T- | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 761 | 555 | 1316 | 7.42 | 479 | 12.22
Ts | cyhalofop butyl @ 0.08 kg ha* + carfentrazone ethyl @ 0.02 kg ha* 548 | 396 | 944 | 562 | 353 | 9.16
T4 | bispyribac sodium @ 0.025 kg ha* 552 | 408 | 961 | 500 | 3.04 | 8.04
Ts | bispyribac sodium @ 0.025 kg ha* + cyhalofop butyl @ 0.08 kg ha* 710 | 473 | 1183 | 811 | 442 | 1254
Te | bispyribac sodium @ 0.025 kg ha™ + fenoxaprop-p-ethyl @ 0.06 kghat | g2g8 | 597 | 1425 | 829 | 582 | 14.11
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha™* 396 | 3.70 | 7.66 | 3.01 | 2.65 | 5.67
Te Z'iaies s:eggb[()aifl_bpgly_??osate @ 0.8 kg ha + oxyfluorfen @ 0.15 kg ha'* 596 | 429 | 1025 | 605 | 374 | 9.79
To | unweeded control 290 | 1.60 | 450 | 2.38 | 1.08 | 3.47
T1o0 | hand weeding twice at 20 and 45 DAS 897 | 636 | 1533 | 950 | 6.14 | 15.64
SEmz. 0.64 | 049 | 113 | 0.79 | 050 | 0.81
CD (0.05) 2.238 | 1.817 | 3.639 | 3.517 | 1.493 | 3.987

DALP - Days after land preparation; DAS - Days after sowing




Table 53. Effect of weed management practices on potassium uptake at harvest, kg ha

K uptake
Treatments 2018 2019

Grains | Straw | Total | Grains | Straw | Total
T1 | cyhalofop butyl @ 0.08 kg ha 9.71 | 51.12 | 60.84 | 9.09 47.53 | 56.62
T. | penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha™ 30.65 | 117.31 | 147.97 | 18.57 | 120.91 | 139.48
Ts | cyhalofop butyl @ 0.08 kg ha® + carfentrazone ethyl @ 0.02 kg ha' 20.75 | 69.76 | 90.51 | 13.97 | 94.63 | 108.60
T4 | bispyribac sodium @ 0.025 kg ha 22.67 | 87.76 | 110.43 | 13.24 | 93.96 | 107.22
Ts | bispyribac sodium @ 0.025 kg ha™* + cyhalofop butyl @ 0.08 kg ha* 26.34 | 116.08 | 142.42 | 19.46 | 118.58 | 138.04
Te | bispyribac sodium @ 0.025 kg ha + fenoxaprop-p-ethyl @ 0.06 kg ha? | 33.39 | 120.32 | 153.52 | 20.24 | 127.60 | 147.84
T7 | fenoxaprop-p-ethyl @ 0.06 kg ha' 10.81 | 56.18 | 67.00 | 9.22 | 49.99 | 59.21
Te ?tai‘és_eggbgilf_bpglyﬁz‘osate @ 0.8 kg ha™ + oxyfluorfen @ 0.15kgha™ | ,c 27 | 9533 | 11810 | 17.95 | 93.07 | 110.76
To | unweeded control 7.34 | 31.72 | 39.07 | 6.01 | 31.02 | 37.04
T1o0 | hand weeding twice at 20 and 45 DAS 38.44 | 133.99 | 172.44 | 21.85 | 150.41 | 172.26
SEmz. 4.00 6.49 8.39 1.01 7.17 9.91
CD (0.05) 11.899 | 26.722 | 34.020 | 3.926 | 24.383 | 29.463

DALP - Days after land preparation; DAS - Days after sowing




4.3.2.13 Economics of cultivation

The influence of weed management practices on the economics (benefit: cost
ratio) of WSR cultivation was computed and the results obtained during 2018 and 2019
are presented in Table 54. From the results, it was evident that weed management
practices had a significant influence on the benefit: cost ratio (B: C ratio) of WSR

cultivation during both the years.

In the present study, the highest gross returns of % 1,39,956 and 1,54,486 ha™*
were obtained in HW twice at 20 and 45 DAS (T1o), respectively during 2018 and
2019. Among the herbicidal treatments, BS @ 0.025 kg ha + FPE @ 0.06 kg ha*
recorded the highest gross returns of ¥ 1,34,640 and 1,49,471 ha, respectively during
2018 and 2019 followed by PS + CB (6% OD) @ 0.15 kg ha* (2 1,28,910 and 1,42,080
ha!) and BS @ 0.025 kg ha? + CB @ 0.08 kg ha™ (% 1,23,913 and 1,44,870 ha™).
However, the treatment BS @ 0.025 kg ha™! + FPE @ 0.06 kg ha (Ts) recorded the
highest net income of ¥ 56,241 and 71,072 ha™ and B: C ratio of 1.72 and 1.91,
respectively during 2018 and 2019 followed by PS + CB (6% OD) @ 0.15 kg ha™* with
net income of ¥ 50,410 and 63,580 ha and B: C ratio of 1.64 and 1.81, respectively.
HW twice at 20 and 45 DAS (T10) grasped a B: C ratio of 1.13 and 1.25, respectively
during 2018 and 2019.

The pooled data revealed that the tank mix application of BS @ 0.025 kg ha*
+ FPE @ 0.06 kg ha (Té) registered maximum net returns per hectare (% 63,657 ha't)
and B:C ratio (1.81) followed by ready mix formulation of PS + CB (6% OD) @ 0.15
kg hal (T2) (Z 56,995 ha! and 1.73).



Table 54. Effect of weed management practices on economics of cultivation

Cost of 2018 2019 Pooled
Treatments cultivation | Gross | Net Gross Net Net | Pooled
(Rshal) | retuns | returns | BCR | returns | returns | BCR returr_115 BCR
(X ha') | (ha?) (Xhal) | (ha?) (X ha™)
T1 | cyhalofop butyl @ 0.08 kg ha* 76491 92533 | 16041 | 1.21 | 62179 -14312 | 0.81 864 1.01

penoxsulam + cyhalofop butyl (6%

T2 | OD) @ 0.15 kg ha

78500 128910 | 50410 | 1.64 | 14208 63580 1.81 | 56995 1.73

cyhalofop butyl @ 0.08 kg ha* +

Ts carfentrazone ethyl @ 0.02 kg ha*

77000 104356 | 27355 | 1.36 | 119053 42052 1.55 | 34704 1.45

T4 | bispyribac sodium @ 0.025 kg ha™* 76856 107160 | 30303 | 1.39 | 118396 41539 1.54 | 35921 1.47

bispyribac sodium @ 0.025 kg ha* +

cyhalofop butyl @ 0.08 kg ha™ 78347 123913 | 45565 | 1.58 | 144870 66522 1.85 | 56044 1.72

Ts

bispyribac sodium @ 0.025 kg ha™* +

Ts fenoxaprop-p-ethyl @ 0.06 kg ha

78398 134640 | 56241 | 1.72 | 149471 71072 191 | 63657 1.81

T | fenoxaprop-p-ethyl @ 0.06 kg ha 76542 90926 | 14383 | 1.19 | 88546 12003 1.16 | 13193 1.17

stale seedbed fb glyphosate @ 0.8
Ts | kg ha + oxyfluorfen @ 0.15 kg ha* 85577 114063 | 28485 | 1.33 | 133876 48298 1.56 | 38391 1.45
at 15-20 DALP + T3

Te | unweeded control 75000 61393 | -13607 | 0.82 | 57696 -17304 0.77 | -15455 0.79

hand weeding twice at 20 and 45

T | pas

123000 139956 | 16956 | 1.13 | 154486 31486 1.25 | 24221 1.19

BCR - Benefic cost ratio; DALP - Days after land preparation; DAS - Days after sowing



4.4 SENSITIVITY OF WEED TO HERBICIDE COMBINATIONS USING
WHOLE PLANT BIOASSAY TECHNIQUE

The sensitivity of L. chinensis to herbicide combinations was tested at their
lower doses using whole plant bioassay technique after identifying the most effective
and economic combinations from the third experiment. The best combinations
identified were BS @ 0.025 kg ha* + FPE @ 0.06 kg ha*, BS @ 0.025 kg ha + CB
@ 0.08 kg ha, PS + CB @ 0.15 kg ha™* and CB @ 0.08 kg ha™* + CE @ 0.02 kg ha
! For a comparison, effect of field recommended doses (FRD) were also included.
The results of the experiment are presented below.

4.4.1 Survival rate

The data regarding the effect of herbicide combinations on survival rate of
L. chinensis is documented in Table 55. All the tested herbicide combinations, i.e.,
BS + FPE, BS + CB, PS + CB (6% OD) and CB + CE at FRD i.e., Ty, T3, Tsand T+

recorded the least survival (0%) of L. chinensis.

The lower dose of BS + FPE @ 0.020 + 0.04 kg ha™* (T>) recorded the least survival
(0%) of L. chinensis whereas, BS + CB @ 0.020 + 0.06 kg ha* (T4), CB + CE @ 0.06
+0.01 kg ha (Ts)and PS + CB @ 0.10 kg ha* (Te) registered 26.66, 30.0 and 86.66

per cent survival, respectively.
4.4.2 Dry weight

The results pertaining to the effect of herbicide combinations on dry weight
of L. chinensis are documented in Table 55. The dry weight of plants was found to
increase with decrease in concentration of all the herbicide combinations. Application
of BS @ 0.020 kg ha' + FPE @ 0.04 kg ha* (T>) registered the lowest dry weight of
L. chinensis (0.031 g plant™?) and was significantly effective among the lower doses
tested. The highest weed dry weight (0.097 g plant™?) was recorded in PS + CB (6%
OD) @ 0.10 kg ha* (Te).



4.4.3 Phytotoxicity scoring

Phytotoxicity scoring of herbicide combinations on L. chinensis was also
carried out under the experiment and the data are furnished in Table 56. All the
herbicide combinations showed phytotoxic effect on L. chinensis at FRD (Ty, T3, Ts
and Tv) and recorded a score of five, both at four and seven days after spraying
(DASP). Among the lower dose of combinations tested, BS @ 0.020 kg ha* + FPE
@ 0.04 kg ha (T2) recorded a score of five and completely killed the plants by the
4" DASP. Application of BS @ 0.020 kg ha' + CB @ 0.06 kg ha™* (T4) and CB @
0.06 kg ha™ + CE @ 0.01 kg ha* (Ts) registered a score of three and four at 4" and
7" DASP, respectively. The combination of PS + CB (6% OD) @ 0.10 kg ha™* (Te)
showed no toxicity symptoms on 4" DASP and marked a score of only one at 7%
DASP.

45 ASSESSMENT OF MODE OF ACTION OF TANK MIX HERBICIDE
COMBINATIONS

The mode of action of tank mix herbicide combination on L. chinensis was
assessed by conducting amino acid and fatty acid assay and the data pertaining to the

study are represented in Table 57.
4.5.1 Amino acid content

The amino acid content in L. chinensis was found to be the highest (0.2904
mg mL') in T, ie, BS @ 0.025 kg ha. However, application of herbicide
combination BS @ 0.025 kg ha + FPE @ 0.06 kg ha™ (T3) resulted in lower amino

acid content (0.1775 mg mL™") in L. chinensis compared to Tj.
4.5.2 Fatty acid content

The results showed that application of FPE @ 0.06 kg ha™ (T>) resulted in the
lowest fatty acid content in L. chinensis (127.36 mg dL™!). Ahigher fatty acid content
of 132.33 mg dL™! was observed in the treatment BS @ 0.025 kg ha* + FPE @ 0.06
kg ha (Ts) compared to T.. Application of BS @ 0.025 kg ha™ (T1) registered the
highest fatty acid content of 193.65 mg dL!in L. chinensis among the treatments.



Table 55. Effect of herbicide combinations on survival rate and dry weight of
Leptochloa chinensis

ival Dry weight
Treatments Surviva (g per
rate* (%)

plant)

T, | bispyribac sodium @ 0.025 kg ha™ + 0.90 0.028
fenoxaprop-p-ethyl @ 0.06 kg ha' (0.00) '

T, | bispyribac sodium @ 0.020 kg ha™ + 0.90 0.031
fenoxaprop-p-ethyl @ 0.04 kg ha' (0.00) '

T, | bispyribac sodium @ 0.025 kg ha™ + 0.90 0.031
cyhalofop butyl @ 0.08 kg ha' (0.00) '

T, | bispyribac sodium @ 0.020 kg ha™ + 30.99 0.053
cyhalofop butyl @ 0.06 kg ha' (26.66) '

Ts | penoxsulam + cyhalofop butyl (6% OD) 0.90 0.030
@ 0.15 kg ha't (0.00) '

Te | Penoxsulam + cyhalofop butyl (6% OD) 72.49 0.097
@ 0.10 kg ha' (86.66) '

T, | cyhalofop butyl @ 0.08 kg ha™* + 0.90 0.030
carfentrazone ethyl @ 0.02 kg ha* (0.00) '

T, | cyhalofop butyl @ 0.06 kg ha™* + 33.21 0.089
carfentrazone ethyl @ 0.01 kg ha* (30.00) '
SEmzx 6.05 0.006
CD (0.05) 10.178 0.004

*Data were arc-sin transformed, actual mean values are given in parentheses.



Table 56. Phytotoxicity scoring of herbicide combinations on Leptochloa chinensis

Score
Treatments 4" day after 7" day after
spraying spraying

T, | bispyribac sodium @ 0.025 kg ha™ + 5 5
fenoxaprop-p-ethyl @ 0.06 kg ha

T, | bispyribac sodium @ 0.020 kg ha™ + 5 5
fenoxaprop-p-ethyl @ 0.04 kg ha*

T, | bispyribac sodium @ 0.025 kg ha™ + 5 5
cyhalofop butyl @ 0.08 kg ha'

T, | bispyribac sodium @ 0.020 kg ha™ + 3 4
cyhalofop butyl @ 0.06 kg ha'

Ts | Penoxsulam + cyhalofop butyl (6% 5 5
OD) @ 0.15 kg ha'

Te | PEnoxsulam + cyhalofop butyl (6% 0 1
OD) @ 0.10 kg ha'

T, | cyhalofop butyl @ 0.08 kg ha™ + 5 5
carfentrazone ethyl @ 0.02 kg ha'

T, | cyhalofop butyl @ 0.06 kg ha* + 3 4
carfentrazone ethyl @ 0.01 kg ha'*




Table 57. Effect of tank mix herbicide combinations on amino acid and fatty acid
content of Leptochloa chinensis

Amino acid | Fatty acid
Treatments content content
(mgmL?) | (mgdL?)

ALS inhibitor alone (bispyribac sodium @

Tt 10025 kg ha't)

0.2904 193.65

ACCase inhibitor alone (fenoxaprop-p-

T2 | ethyl @ 0.06 kg ha™®)

0.1532 127.36

ALS + ACCase inhibitor (bispyribac
Ts | sodium @ 0.025 kg ha + fenoxaprop-p- 0.1775 132.33
ethyl @ 0.06 kg ha)

T4 | Control 0.2085 119.48

SEmz+ 0.011 0.70

CD (0.05) 0.016 2.110




4.6 ASSESSMENT OF DIFFERENTIAL RESPONSE OF GRASS WEEDS TO
BISPYRIBAC SODIUM

In the experiment, the response of two grass weeds i.e., L. chinensis and
E. colona to varying concentrations of bispyribac sodium was investigated by
estimating the amino acid content, protein content, number of proteins expressed and

molecular weight of total proteins in each treatment.
4.6.1 Amino acid content

Data regarding the effect of different doses of BS on the amino acid content
of L. chinensis and E. colona were furnished in Table 58. The data revealed no
significant variation in amino acid content with increasing dose of the herbicide, BS
(0.0125, 0.025 and 0.05 kg ha). The highest content of amino acid (0.3440 mg mL"
1y was observed in L. chinensis at 50 per cent field recommended dose of BS
(@0.0125 kg hat). It was found to be statistically comparable with its higher doses
of 100 and 200 per cent FRD with an amino acid content of 0.2904 and 0.3234
mg mL™, respectively. However, the amino acid content was found to be higher in all
the bispyribac treated plants compared to control and was significantly different from

non-treated control.

In E. colona, the amino acid content was observed to decrease with herbicide
application, compared to control. Among the different doses tested, the lowest amino
acid content was recorded in 200 per cent FRD (@ 0.05 kg ha') followed by 100
per cent FRD (@ 0.025 kg ha) and 50 per cent FRD (@ 0.0125 kg ha*) with an
amino acid content of 0.0627, 0.1520 and 0.2437 mg mL respectively. The amino

acid content of E. colona decreased with increased concentration of BS.

Critical appraisal of the data identified higher content of amino acid in
L. chinensis compared to E. colona, irrespective of the concentration of BS. The
amino acid content in E. colona was 0.2437 mg mL with the 50 per cent FRD (@
0.0125 kg hal) of BS whereas, it was 0.3440 mg mLin L. chinensis. At 100 per cent
FRD, the amino acid content was 0.1520 and 0.2904 mg mL* and at 200 per cent
FRD, it was 0.0627 and 0.3234 mg mL* respectively in E. colona and L. chinensis.



4.6.2 Protein profiling

Data pertaining to the protein content, total number of proteins expressed and
the molecular weight of total proteins obtained from SDS PAGE analysis are
presented in Table 58. Differential expressions of proteins were observed in
L. chinensis and E. colona with varying concentrations of BS from lower to higher
concentrations. Variations in the protein content was observed in both L. chinensis
and E. colona but, the protein content of L. chinensis was not statistically influenced
by the application of BS. Statistically significant reduction was not observed in the
protein content, number of proteins expressed and the molecular weight of proteins

in L. chinensis with the application of BS from lower to higher concentration.

In E. colona, the protein content and molecular weight of total proteins were
found to decrease with BS application compared to control. The number of proteins
expressed, molecular weight of proteins and the protein content diminished with
increasing concentration of BS. The lowest protein content of 0.1009 mg mL™* was
registered at 200 per cent FRD in E. colona. This was statistically comparable with
100 per cent FRD with a protein content of 0.1420 mg mL™. The highest protein
content (0.4599 mg mL™) and molecular weight of total proteins (622.27 kDa) were
registered in control without any herbicide application. Among various
concentrations, application of BS at 50 per cent FRD recorded the highest protein
content (0.2061 mg mL™) and molecular weight of total proteins (377.3 kDa) in
E. colona. In general, higher molecular weight of total proteins was observed in

L. chinensis compared to E. colona in herbicide treated plants (Plate 1 and 2).

A total of seven proteins were expressed in both L. chinensis and E. colona at
50 per cent FRD of BS. As the concentration increased from 50 to 200 per cent FRD,
the total number of proteins expressed in E. colona was found to decrease from seven
to three whereas it decreased to six at 100 per cent FRD and then increased to eight

at 200 per cent FRD in the case of L. chinensis.



Table 58. Differential response of Leptochloa chinensis and Echinochlo colona to different doses of bispyribac sodium

Amino acid content

Protein content

No. of proteins

Molecular weight of

(mg mL™Y) (mg mL™Y) expressed total proteins (kDa)
Concentration
L. E. L. E. L. E. L. E.

chinensis | colona chinensis colona chinensis colona chinensis colona
bispyribac sodium @ 0.0125 | (3440 | 0.2437 0.5401 0.2061 7 7 639.86 377.3
kg ha! (50% *FRD)
bispyribac sodium @ 0.025 0.2904 | 0.1520 0.4762 0.1420 6 4 460.76 248.82
kg ha* (100% FRD)
bispyribac sodium @ 0.05kg | (03234 | 0.0627 0.4827 0.1009 8 3 629.06 107.84
ha (200% FRD)
Control (no herbicide) 02085 | 0.3604 | 05021 | 0.4599 8 6 610.86 | 622.27
SEmz+ 0.011 0.025 0.009 0.037 - - - -
CD (0.05) 0.037 0.018 - 0.059 - - - -

(*FRD — Field recommended dose)




Plate 1. Protein profiling by SDS PAGE (Leptochloa chinensis)

A - Marker

B - Control

C - bispyribac sodium @ 0.0125 kg ha! (50% FRD)
D - bispyribac sodium @ 0.025 kg ha! (100% FRD)
E - bispyribac sodium @ 0.05 kg ha'! (200% FRD)



Plate 2. Protein profiling by SDS PAGE (Echinochloa colona)

A - Marker

B - Control

C - bispyribac sodium @ 0.0125 kg ha' (50% FRD)
D - bispyribac sodium @ 0.025 kg ha™! (100% FRD)
E - bispyribac sodium @ 0.05 kg ha"' (200% FRD)
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5. DISCUSSION

Weeds exist as a critical constraint in wet seeded rice (WSR) and chemical
weed control could be one of the possible economic alternatives to manage the
complex weed flora. However, repeated and non-judicious use of the same herbicide
or herbicides having similar mode of action may lead to shift in weed flora,
development of herbicide resistance and build-up of herbicide load in the
environment. Leptochloa chinensis is one such weed which has become problematic
in direct seeded rice (DSR) due to the continuous use of bispyribac sodium, a popular
herbicide among the farmers for broad spectrum weed control in rice. Its continuous
use to control Echinochloa sp. has led to the dominance of L. chinensis for which it
was ineffective. To overcome the problem, tank mix application of compatible
herbicides is a viable economic option. Studies focused on germination ecology,
biology and growth requirements of the weed are essential for formulating an
integrated management strategy. Hence, the present study on “Germination ecology
and management of Chinese sprangletop [Leptochloa chinensis (L.) Nees.] in wet
seeded rice” was carried out. The results of the data obtained from the field and
laboratory experiments reported in the previous chapter are discussed below with

supporting literature.
5.1 PHYTOSOCIOLOGICAL SURVEY

A phytosociological survey is a group of ecological evaluation methods aimed
to provide a comprehensive overview of both the composition and distribution of
plant species in a given plant community (Concenco et al., 2013). Phytosociological
surveys are valuable tools for understanding the dynamics of weed species and their
interactions in agricultural fields. Differences between weed populations can
influence the competitive nature of weed species and might affect their response to
chemical or cultural control strategies. Weed populations which are continuously
associated with specific agricultural systems might evolve phenological patterns
which optimize survival within the most favourable growing areas (Barret, 1983).



Several population indices are being used as fundamental requisites to
investigate the structure of each community and the relationships that exist between
them. The selection of appropriate indices is essential when assessing a weed
community (Travlos et al., 2018). Variations in crop management are likely to serve
as weed community filters, removing or limiting species that lack specified features
or combinations of traits (Storkey et al., 2010). In the study, density, frequency,
abundance, relative density, relative frequency, relative abundance and summed

dominance ratio of each weed species in each tract were analysed.

Density measures the number of target species per given area, while relative
density articulates the numerical strength of a target species in relation to the total
number of individuals of all the species encountered (Travlos et al., 2018). Frequency
is an important variable for documenting and comparing changes in plant
communities over time (Bonham, 2013). Frequency represents the presence or
absence of a species, as well as the extent to which it is distributed across a
community, and is generally expressed as a percentage (Booth et al., 2003). The
degree of distribution of target species with respect to the total count of all species in
the sampling unit is indicated by relative frequency. The number of individuals on
the same sample plot is represented by species abundance (Kent, 2012) and is defined
as the measure of the number or frequency of individuals of the same species. The
Summed Dominance Ratio (SDR) reflects how well a species may expand and
dominate in a given region. The higher the SDR value, the greater a species

dominance (Firmansyah and Pusparani, 2019).
5.1.1. Distribution of weed flora

Kuttanad, the rice bowl of Kerala, basically lies 0.5 to 2.0 m below MSL and
is open to continuous submergence and inundation all through the monsoon. Rice is
grown in Kuttanad by pumping out water and those weeds which are tolerant of water
stagnation can flourish and become the dominant ones. The survey was undertaken
in the Kuttanad region from July to September, 2018, when rice was planted as a
Kharif crop, and during November to March, 2018-19 in the Puncha season (late

Rabi), as a summer crop.



In general, the population of many weeds, especially broad leaf weeds
(BLWs), was less during Kharif compared to the Puncha season. This might be
because of the devastating floods of 2018, which destroyed the crop at 55-60 DAS,
along with the emerged weeds in the cropped field.

In the Kuttanad rice fields, a total of 13 weeds were observed during the
survey (Plate 3) and of these, Echinochloa stagnina, Sacciolepis interrupta and
L. chinensis registered higher density, frequency and abundance. The L. chinensis
population was observed to be inhabited in both upland and lowland situations, either
in cropped fields, bunds, uncultivated lands or along waterways (Plate 4). When
L. chinensis is prevalent in water channels, it is subject to quick spread through
moving water or irrigation water. Profuse growth of the weed was observed along the
inner bunds separating individual fields in the polder (Plate 5). When L. chinensis
grows on bunds, it usually remains undisturbed and could lead the plant to produce a
higher number of seeds. L. chinensis, which was not a major weed during the
2000-2010 period in Kuttanad, has been identified as one of the major weed with
higher density (12 No. m™2), frequency (73.33%), abundance (16.36), relative density
(15.68%), relative frequency (10.47%), relative abundance (13.0) and summed
dominance ratio (13.05) in the present survey, which indicated its invasive potential
(Plate 6). The dominance of L. chinensis could be attributed to its ability to tolerate
and flourish under water stagnation and the spread of seeds produced by plants on
bunds through flood water or water ways. Kathiresan (2004) opined that L. chinensis
is an invasive alien weed in rice and its invasiveness is allied with its high seed
production potential (Chin, 2001). The dominance of E. stagnina, S. interrupta and
L. chinensis signified its high adaptability to waterlogged conditions. The survey
conducted by Vidya (2003) pointed out that E. stagnina and Sacciolepis sp., were the

major grass weeds in the Kayal lands of Kuttanad.

The survey revealed the predominance of grass weeds in the weed spectrum
of Kuttanad (Fig. 7), together constituting SDR of 48.41 per cent. Studies conducted
by Rani (2020) also observed the dominance of grass weeds in Kuttanad with SDR
of 62.2.
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Plate 3. Weed spectrum of Kuttanad tract
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Plate 4. Habitat of Leptochloa chinensis

Plate 5. Abundance of Leptochloa chinensis in bunds separating field polders



Plate 6. Abundance of Leptochloa chinensis in rice fields
(A) Kuttanad (B) Kole



Sedges were the second dominant group of weeds noticed in the surveyed
fields of Kuttanad, with a combined SDR of 27.99, constituting one-third population
of weeds. The major sedges observed in the Kuttanad rice fields were
Cyperus difformis, Cyperus haspan, Cyperus iria, Fimbristylis miliacea and
Schoenoplectus juncoides. Among these, C. difformis was the dominant and was
observed in high abundance (10.40) with SDR of 8.95. Raj et al. (2013) observed
F. miliacea, C. difformis, C. iria and Schenoplectus pungens as the major sedges in

Kuttanad.

The population of BLWSs was lower in Kuttanad compared to grass weeds and
sedges (Fig. 7). The BLWSs observed were Monochoria vaginalis, Limnocharis flava
and Ludwigia hyssopifolia. During the survey, M. vaginalis was seen abundantly in
Kuttanad with 53.33 per cent frequency and 7.55 per cent relative abundance. The
population was observed to be not affected by the floods, showing its ability to
flourish under waterlogged conditions. Studies conducted by Juraimi et al. (2012)
reported an increase in the population of M. vaginalis under deep flooding and the
preference of M. vaginalis for water stagnation.

In the Kole region, rice is cultivated under wetland situation and two crops are
taken (monsoon crop during September to December and summer crop during
November to May). Those weeds that thrive under waterlogged conditions are the
dominant ones in Kole lands, as in Kuttanad. The phytosociological survey in the

Kole lands was done during the Puncha (summer) season.

Annual grass weeds dominated the weed spectrum in the Kole lands (Fig. 7)
and Oryza sativa f. spontanea, being the major weed, followed by L. chinensis,
Echinochloa colona, S. interrupta and E. stagnina (Plate 7). The dominance of
O. sativa f. spontanea (SDR - 13.21) could be due to its persistent soil seed bank in
the tract. It was closely followed by L. chinensis with SDR of 12.40 and exhibited
high abundance (17.33). This indicated its high adaptability to the Kole ecosystem
due to its ability to tolerate and flourish under water stagnation coupled with its

prolific seed production and vegetative mode of reproduction.



Studies conducted by Vidya (2003) identified E. statgnina, Echinochloa crus-
galli, E. colona, S. interrupta, Echinochloa glabrescens and Oryza rufipogan as the
major grass weeds in the Kole lands of Kerala. As reported by Srinivasan (2012),
O. rufipogon, Ischaemum rugosum, E. crus-galli, Cynodon dactylon and S. interrupta
were the major grass weeds found in the Kole lands. During the study periods of 2003
to 2012, L. chinensis was not even present in the Kole fields. However, the current
survey, which was undertaken after a period of six years, identified L. chinensis as
the second dominant weed in the Kole lands, with higher values in all weed indices.
The possible reason for the entry of the weed to this tract might be through the import
of contaminated paddy straw carrying the remnanats of the weed with its panicle and
seed from the neighbouring states. It could be inferred that, in the coming years,
L. chinensis may become the dominant weed in the Kole lands, considering its
abundance (Plate 6).

Monochoria vaginalis occurred in 60 per cent of the fields surveyed and was
the dominant BLW with SDR of 5.12, closely followed by Lindernia sp. (SDR - 5.03)
and L. flava (SDR - 4.58). This might be because of the preference of these weeds to
waterlogged conditions. Moody and Drost (1983) reported that the occurrence of
M. vaginalis is strongly related to the moisture content of the soil and it needs
saturated soil for germination. Lindernia sp. was reported as an aquatic annual found

in rice fields, river beds and other moist and muddy habitats by Swapna et al. (2011).

Sedges, being an important part of the weed spectrum in the Kole region,
occurred with more frequency compared to BLws in the surveyed areas. C. difformis
and F. miliacea constituted 89.55 per cent of the sedge population in the Kole fields,
with a frequency of 73.33 per cent. As reported by Mounisha (2020), Cyperus spp.

and F. miliacea were the major sedges in Kole lands.

Palakkad is a major rice growing belt in Kerala where, rice is grown mostly
as a semi-dry crop in the Kharif season. It is dry sown immediately after the receipt
of pre monsoon showers during May. The crop is raised as a rainfed upland crop for
the first 30 to 50 days, until the field gets flooded due to the southwest monsoon,

during June-July. However, it is either transplanted or wet sown in the puddled soil
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Plate 7. Weed spectrum of Kole tract
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in the Rabi season (October to January), utilizing the irrigation water. The survey was
conducted during Kharif 2018 and 2019 (July to September) and in Rabi 2018-19
(December to February).

From the survey, it was evident that annual grass weeds dominated the weed
spectrum of the Palakkad rice tract during Kharif (Fig. 7), which constituted SDR of
61.18, followed by BLWs (SDR - 22.18) and sedges (SDR - 19.91). The dominance
of grass species in the Kharif season could be attributed to the higher seedling
emergence due to the absence of water and morphological similarity to rice.

Among the grass weeds, S. interrupta dominated the weed spectrum of the
Palakkad region during Kharif with SDR of 23.60. L. chinensis was the second most
dominant weed (SDR - 17.49) in the Palakkad tract and was observed both in semi
dry systems and in puddled wet sown/transplanted systems. The higher abundance,
density and frequency of L. chinensis in the semi dry system indicated its adaptability
across fluctuating soil moisture and soil temperature. The result is in conformity with
the findings of Rani (2020), who reported that among the 15 weed species observed
in the Palakkad tract, S. interrupta recorded the highest density, frequency,
abundance, relative density, relative frequency and summed dominance ratio,
followed by Leptochloa sp. Studies conducted by Abraham et al. (1993) also
presented S. interrupta as a weed typically associated with the dry sown Kharif rice
in the Palakkad region of Kerala. The higher SDR of S. interrupta and L. chinensis
could be attributed to their morphological similarities with rice crop, which allows

them to escape the hand weeding practices during the initial stages.

As reported by Vidya (2003), S. interrupta, Isachne miliacea, O. rufipogon,
C. iria and Ludwigia parviflora were the dominant weeds in the Palakkad tract during
Kharif and L. chinensis was not a major weed, recorded low frequency (4.5%) and
very low relative importance value (RI1V) of 1.73. It was reported as a major weed
only in the black soils of Chittoor during Kharif and Rabi seasons, with a higher plant
density of more than five plants m2and a RIV of 16.8 during Kharif and 12.8 during
Rabi. However, the present survey, which was conducted after a span of 15 years,

showed a shift in the weed flora in the paddy fields of Palakkad during the Kharif



season. During the present survey, S. interrupta remained as the most dominant grass
weed however, the tract showed the dominance of L. chinensis over the period
(Plate 8). The study revealed the dominance of L. chinensis from 4.5 per cent of the
total area during 2003 to more than 70 per cent of the total area during 2018. This
indicated the invasive potential of L. chinensis under wider environmental conditions

existing in dry and wet systems of rice cultivation in Palakkad.

Echinochloa colona and I. miliacea were the other two grass weeds observed
in the Palakkad tract (Plate.9). The predominance of E. colona clearly indicated it as
a weed of upland conditions. E. colona preferred dry upland conditions and this
explains its occurrence in the semi-dry crop in the Palakkad tract during the first
season. Thomas and Abraham (1998) reported the predominance of grass weeds in
the semi dry system and rated S. interrupta, I. miliacea, E. colona and E. crus-galli

as the major weeds in semi dry rice culture in Kerala.

Unlike in Kuttanad and Kole, BLWSs were the second dominant category of
weeds identified in the Palakkad tract, with SDR of 22.18. However, the density,
abundance, frequency, relative density, relative frequency, relative abundance and
SDR were found to be lower for the individual weeds under this category compared
to sedges. Among the BLWSs, L. parviflora registered higher density of 1.87 m with
SDR of 4.69 and was observed in 46.67 per cent of the surveyed areas. M. vaginalis
was not recorded from the surveyed areas of the Palakkad tract but was observed in
higher densities in Kuttanad and Kole. This might be attributed to its distinct
preference for moist and flooded conditions that provide an ideal environment to

prosper.

Salvinia molesta was also not observed in the Palakkad tract. On the other
hand, it was noticed as a major weed in Kuttanad and the Kole lands. As S. molesta
is a floating weed and flowing or stagnant water is essential for its survival, it
explicates its absence in the Palakkad tract, where the weed does not get a chance to
proliferate.



Plate 8. Abundance of Leptochloa chinensis in rice fields (A)
Palakkad (B) Karamana
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Plate 9. Weed spectrum of Palakkad tract
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Fig. 7. Weed composition of surveyed locations in (A) Kuttanad (B) Kole and
(C) Palakkad




5.1.2 Habitat analysis

Weeds are quite dynamic in nature. The adaptability of weeds to a particular
ecosystem is the key factor facilitating their successful establishment and determines
the habitat. Habitat adaptability has become an increasingly effective indication of
weed expansion risk on a worldwide scale (Crossman et al., 2011; Richter et al.,
2013). The ability of a weed to grow and dominate a living space is mainly
determined by vegetation analysis. Dominance generally determines whether weeds
are important or not (Firmansyah and Pusparani, 2019). An understanding of the
similarities or dissimilarities between different regions, seasons or methods of
cultivation will be helpful in identifying the conditions, which might favour or
prevent the proliferation of a particular weed. In the study, weed vegetation analyses
were done by using the Simpson’s diversity index (D), Shannon Wiener diversity

index (H) and the Evenness index (J).

The Simpson’s diversity index (D) indicates the diversity of the flora and as
the value of D increases, diversity increases and dominance decreases. The low value
of Simpson’s diversity index (D) in Palakkad during Kharif could be attributed to the
dominance of S. interrupta (SDR - 23.60) compared to other weeds. This was also
indicated by the lowest evenness index (1.77) for the Palakkad region. The Simpson’s
diversity index (D) value was the highest in the Kole region with the highest number
of species (17), as more than one species had relatively higher densities. Along with
O. sativa f. spontanea, L. chinensis, E. colona and S. interrupta co-dominated the
Kole lands. In Kuttanad paddy fields, E. stagnina, L. chinensis and S. interrupta were

the co-dominant weeds.

The lowest value (2.09) for the Shannon Wiener diversity index (H) was
obtained in the Palakkad tract, followed by Kuttanad (2.31). A decrease in the value
of the Shannon Wiener diversity index (H) indicates an increase in the magnitude of
environmental stress favouring the dominance of a few adapted species of plants,
which are often referred to as opportunistic species (Osborne et al., 1976). The
extreme high acidity of Kuttanad soils and the stressed environmental conditions of

Palakkad tracts during the Kharif season might be the reason for the low species



diversity in these regions compared to the Kole lands, which had the highest species

richness (17) and the highest value (2.50) for the Shannon Wiener diversity index
(H).

The evenness index value was the highest (2.07) in the Kuttanad region and
the lowest (1.77) in the Palakkad tract during Kharif. When all the species have
almost the same number of individuals, the evenness index indicates a maximum
value as the environment is equally favourable for all the weeds, resulting in high
species diversity. When environmental stress occurs, only a few adapted species are
favoured, the population of which will dominate over other species. This condition
resulted in a low evenness index in the Palakkad tract during Kharif. The
unfavourable soil conditions during semi dry rice cultivation led to the dominance of
S. interrupta and resulted in a low evenness index of 1.77. Even though five species
of grass weeds were recorded in the Kuttanad tract, there was no distinct difference
in the densities of the three weeds and so co-dominated, resulting in a higher evenness

index compared to the other two tracts.

5.1.3 Growth characteristics and nutrient content in Leptochloa chinensis as

influenced by soil conditions

Soil pH has a noteworthy influence on the growth of weed species. Weeds can
take full advantage of the soil moisture and nutrients in acidic soils to proliferate and
set seeds, contributing to the soil weed seed bank. In general, Palakkad soils had a
higher pH and Kuttanad soils registered the lowest pH. The extreme variations in pH
might have limited the number of weeds adaptable to the ecosystem. This could be
evident from the lowest value (2.09) for the Shannon Wiener diversity index (H)
obtained in the Palakkad tract followed by Kuttanad (2.31). The extreme acidity of

Kuttanad soils might be the reason for the low species diversity in the region.

Across the locations surveyed where L. chinensis was a dominant weed, the
pH varied from 3.84 to 6.46, indicating extremely acidic to slightly acidic soil
conditions, and the OC and NPK content also extended from low to high status.



In general, L. chinensis ecotypes of the Kuttanad rice growing region showed
greater growth characteristics compared to the Kole and Palakkad regions (Table 11).
The extreme acidity of Kuttanad soils did not inhibit the germination and growth of
L. chinensis but acidity might have favoured seed germination and growth, as seen

by its superior growth characteristics.

The higher OC content in the Kuttanad soil ranged between 2.92 to 4.17
per cent and the higher K content (218.4-306.6 kg ha™), contributed by straw
recycling, might also be the reason for the robust growth of L. chinensis in the
Kuttanad region. The phosphorus content was found to be the highest in plants
collected from Kole lands and might be attributed to the higher content of phosphorus

in Kole land soils.

Earlier, the presence of L. chinensis was reported only in the alkaline soils of
the Chittoor taluk of Palakkad. However, now the weed has spread to almost all the
soil types, irrespective of the soil chemical properties. This indicated its wider
adaptability to an extremely wide range of soil conditions that prevailed in the
different rice growing areas of Kerala and points out that soil nutrient status is not a

determinant of L. chinensis occurrence.

Soil moisture status has an intense impact on shaping the weed flora of a
specific region. Only those weeds that are able to grow and establish themselves
under the specific moisture conditions will be dominant. The soil moisture level was
saturated for all the surveyed locations in the Palakkad tract, whereas it was under
submerged conditions for the Kole and Kuttanad regions. The presence and
dominance of L. chinensis in both saturated and submerged conditions highlight the
invasive potential of this weed and the possibility of it becoming a threat to all rice

growing ecosystems in the near future.
5.2. GERMINATION ECOLOGY

Understanding the weed germination ecology, emergence dynamics, and
growth requirements is important for managing the infestation of various weed

species as well as formulating effective management strategies.



The lack of understanding of the reasons for weed species’ infestation and
dominance is a key impediment to developing long-term management techniques in
crop ecosystems. Knowledge of the seed biology and floristic relationships of a
species might be utilized to determine specific management techniques for that
species (Bhowmik, 1997).

An acquaintance of the behaviour of L. chinensis in relation to environmental
factors and common weed management practices will bring a comprehensive outlook
on how to holistically and efficiently manage the weed. Data obtained from the
biology, phenology and germination ecology studies of L. chinensis is discussed in

this section.
5.2.1 Biology of L. chinensis

Weed biology refers to the biological attributes that may be associated with
survival and dispersal of species (Bhowmik, 1993) and is related to the study of weeds
in relation to their geographic distribution, habitat, growth and population dynamics
of weed species and communities (Rao, 2000). Knowledge of weed biology provides
vital information on the emergence dynamics, mode of propagation, competitiveness
and critical stages of weed management and, in turn, will help reinforce the

management approaches.

During the field investigation, the weed was observed to grow under flooded
or upland conditions and along the water channels, bunds and in the cropped rice
field. It was found growing profusely on the field bunds, and after flowering there
was a clear distinction between the bunds and the field areas. It was also seen growing
near the bunds, waterways, marshy areas, waterlogged areas, as well as upland. The
prevalence of L. chinensis in bunds promotes prolific seed production, and the water

channels facilitate rapid spread through water.

Galinato et al. (1999) reported that L. chinensis has the ability to grow in both
flooded and upland conditions, which makes it a widespread and abundant weed in
rice and many other crops. The L. chinensis population was also observed to inhabit

both heavy textured clayey soils and light textured sandy soils. The adaptation to



thrive and grow under diverse situations aids in season long persistence and

infestation of the weed in the field.

Leptochloa chinensis was observed to be an erect or creeping annual or
perennial grass that can grow upto a height of 1.2 to 1.5 m (Plate 10). Chauhan and
Johnson (2008) opined that even though L. chinensis is an annual species, it can be

perennial when suitable growing conditions exist.

Soerjani et al. (1987) also reported that L. chinensis is a slender tufted grass
that grows to a height of upto 1.2 m. The leaves are light green in colour and glabrous,
which are smoother in texture compared to the leaves of the rice plant. The close
resemblance of L. chinensis and rice seedlings at the early stages of crop growth
causes difficulty in differentiating them under DSR. The light green colour and softer
texture of the leaves could be a practical way to distinguish the weed from the crop.
Yield reduction due to weed infestation is more challenging in WSR due to
similarities in age (Umkhulzum et al., 2019) and morphological characteristics
(Moody, 1989) of grass weeds and rice seedlings. The maximum plant height was
noticed at the stage of maturity and ranged from 89.7 to 109.1 cm.

The inflorescence of L. chinensis is an open panicle that appears terminally
from the base of the leaf sheath, and each plant has the ability to produce 4 to 10
inflorescences (Plate 11). Each panicle bears numerous ascending slender flexuous
primary branches and each such primary branch produces spikelets and numerous
tiny brown seeds (Plate 12). Each plant was observed to produce 8304.76 to 29857.14
seeds with an average of 16951.25 seeds per plant and the thousand seed weight
ranged from 0.10 to 0.11g. Holm et al. (1977) also reported that each inflorescence
of L. chinensis has the potential to produce hundreds of seeds and an individual plant
may have numerous inflorescences. According to Manidool (1992) and Chin (2001),

the invasiveness of L. chinensis is due to its high seed production potential.

In a single inflorescence, the seeds matured at different intervals starting from
the tip to the base (Plate 13 and 14). This temporal difference in seed maturation

allows the weed to germinate at different conditions and seasons.



Rice plant Leptochloa chinensis

A plant of Leptochloa chinensis showing tufted
branches and panicles

Stoloniferous branches under upland Stoloniferous branches under flooded condition

Plate 10. Growth habit of Leptochloa chinensis



Inflorescence Slips

Plate 11. Morphological characters of Leptochloa chinensis



The shattering was found to occur from the tip to the base of the panicle, and
wind and water aided in the dispersal of L. chinensis seeds. The higher abundance of
the plants in field bunds indicates that bunds become a critical habitat for L. chinensis,
dispersing finer seeds to adjacent fields through the water channel. L. chinensis is
propagated sexually by seeds and asexually (vegetative reproduction) by root slips
(Plate 11). The capability to propagate by multiple means is an indicator of the
persistent and competitive nature of the weed and marks the problematic scenario
under field conditions.

Holm et al. (1977) also reported the seed and vegetative mode of propagation
by division of clumps or rootstocks of L. chinensis following cultivation or ploughing

during land preparation.
5.2.2 Studies on phenology

In pot studies on phenology, L. chinensis was noticed to develop through five
phenological stages in its life cycle (Plate 15). These included emergence, tillering,
heading, flowering and maturity. The period after seed germination (from seedling
emergence) to active tillering represented the vegetative stage (35-48 days) and was
observed by the development of leaves and tillers along with a steady increase in the
height of the plants. Germination of the weed started on the third day and continued
upto 18.2 days after sowing (DAS). This temporal difference in germination could
make the weed present throughout the cropping season (persistent) depending on the
weed seed bank and become problematic under field conditions. Tillering was
completed within 30 to 33 days and the number of tillers per plant ranged from six to
nine with an average of 7.5 tillers per plant. The reproductive stage started with
panicle initiation followed by flowering and covered panicle development, booting,
heading and flowering, which was completed within 72 to 83 DAS. Heading
commenced at 67 to 80 days. The number of panicles per plant ranged from five to
eight and an average of 6.5 panicles was observed per plant. The cessation of
flowering marked the beginning of the ripening stage and the plants attained maturity
at 88 to 102 days, with an average of 95 DAS.
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Plate 12. Microscopic view of Leptochloa chinensis
(A) Flower (4X magnification) (B) Seed (8X magnification)
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Plate 13. Microscopic view of (A) Spikelet with glumes; Spikelet from (B) bottom
(C) middle (D) top position of inflorescence (2.5X magnification)
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Plate 14. Maturity of seeds within the inflorescence (Microscopic view) :
Seeds from (A) bottom (B) middle (C) top (2X magnification)



Among the ecotypes, plants from Palakkad had the shortest duration (93.9
days) along with the Kole ecotypes (94.4 days), which would be due to the favourable
climatic conditions preferably higher temperature that prevailed at the time of seed
maturity. The Kuttanad ecotypes exhibited greater vegetative and reproductive
characteristics of L. chinensis. The average seed production per plant ranged from
9479.24 to 11582.02, with the highest being registered from Kuttanad ecotypes and
the lowest from Palakkad ecotypes. Seed development is strongly regulated by
various environmental factors such as temperature, photoperiod, water availability
and nutrient supply (Donohue, 2009). Previous studies have reported that seeds which
develop at a higher temperature or with shorter days are mostly less dormant
(Gutterman, 2000; Donohue, 2009).

5.2.3 Germination studies

Various environmental factors such as light, temperature, salinity, moisture
and cultural practices like depth of seed burial influence weed seed germination
(Chauhan and Johnson, 2008; Chauhan and Johnson, 2010). Effective control of
weeds could be attained with a better understanding of the factors that impede or

encourage weed seed germination (Chauhan, 2012).
5.2.3.1 Effect of light and temperature on germination

Light is an important ecological aspect of germination. Seeds should be
present on or near the soil surface for those weed species that need light for
germination (Kettenring et al., 2006). Species preferring light for germination would
be more ubiquitous in continuous no-till systems where a substantial quantity of weed
seeds are resting on the surface and exposed to light (Batlla and Benech-Arnold,
2014).

In the laboratory studies conducted, it was observed that light stimulated the
seed germination of L. chinensis by 23 per cent (Fig. 8). Higher germination was
attained in the presence of light, signifying that light favours germination of
L. chinensis. The stimulated germination under light indicated the need of seed burial

to deeper depths by tillage in heavily infested areas.



Seedling stage Seedling stage

Maturity stage Maturity stage

Plate 15. Growth phases of Leptochloa chinensis



Cousens et al. (1993) also observed that weed species preferring light for
germination could become problematic in no-till or reduced-till systems. In the study,
65 per cent of L. chinensis seeds did germinate in the dark, suggesting that
germination was not adversely affected by dark conditions. The absence of light to
stimulate germination leaves a fraction of L. chinensis seeds ungerminated in the soil
seed banks. Under field conditions, these seeds may remain dormant when buried

deeply and re-infest the area when brought back to or near the soil surface.

Even though, light stimulated the seed germination of L. chinensis, the seeds
kept under dark conditions too germinated which pointed out the fact that light is not
an absolute requirement for germination. This would be the plausible reason for the
continued emergence of L. chinensis over a span of 15 days from the shallow weed
seed bank within 2 cm of the soil surface. It is evident that weed seed bank in the
shallow depths remaining under dark in paddy fields also could contribute to potential
weed population. The results find ample support from the findings of Benvenuti et al.
(2004), who reported that 20 per cent of L. chinensis seeds germinated in the dark.
However, studies conducted by Chauhan and Johnson (2008) found that L. chinensis
had an absolute light requirement for germination and suggested that the differential

response of L. chinensis to light could be due to the polymorphic nature.

Leptochloa chinensis seeds germinated at all the tested temperature regimes
(25/15°C and 35/25°C). A maximum cumulative germination of 87.2 per cent was
registered when seeds were exposed to 25/15°C under light/dark conditions (Fig. 5).
Many researchers authenticated temperature as a vital factor for inducing weed seed
germination (Burke et al., 2003; Chauhan and Johnson, 2010). The time to 50 per
cent germination in the 25/15°C and 35/25°C temperature regimes was 7.2 and 8.0
days, respectively. The study indicated that L. chinensis seeds germinated irrespective
of the atmospheric temperature regimes and was favoured throughout the season. This
could be the reason for the similar occurrence of L. chinensis during the Kharif and
Rabi seasons in Kerala. Higher germination immediately after attaining maturity
revealed that adoption of stale seedbed (SSB) with deep ploughing for incorporation

or shallow ploughing for control of surface sown seeds could be done to deplete the



soil seed bank. The studies conducted by Benvenuti et al. (2004) on the Italian
population and Chauhan and Johnson (2008) on the Philippine population of
L. chinensis also reported high germination immediately after seed harvest.

The light requirement for seed germination may vary with changes in
temperature. In the study, germination of L. chinensis seeds under complete darkness
might be facilitated by the alternating temperature regimes. As reported by Benvenuti
et al. (2004), the fluctuation in temperature improves the germination of L. chinensis
seeds in the absence of light.

Fluctuations in temperature led to an increase in dark germination, indicating
that this could satisfy the Pfr requirement for seed germination (Benvenuti et al.,
2004). Although light is not required for all species to germinate, it can help to
alleviate the factors that prevent germination when the incubating temperature is
higher than ideal (Aud and Ferraz, 2012). Moreover, such a phenomenon was earlier
observed for light sensitive species (Benvenuti et al., 2001). The improved response
to fluctuating temperatures and higher temperature levels might be the cause of
L. chinensis emergence on bare ground where the greatest diurnal fluctuations could
happen (Chauhan and Johnson, 2008).

5.2.3.2 Effect of salinity on germination

Salinity is considered as one of the major constraints in crop production and
more areas are gradually becoming salt affected due to climate change. Only certain
crops can be successfully grown in salt affected areas, and rice is one among them.
Salt affected areas are characterized by distinctive weed flora. Information on the
effect of salt stress on weed germination could help to predict the invasive potential

of L. chinensis in such areas.

In the present study, L. chinensis was found less sensitive to salinity stress and
was not affected by increasing salt concentrations. This could validate the high
abundance of L. chinensis in Kuttanad and Kole, where saline water intrusion occurs.
The salt concentration required to inhibit maximum germination by 50 per cent was
150 mM NacCl (Fig. 6).



Similar results of increased germination at high salt concentrations, even at
250 mM NacCl, were also reported for E. glabrescens (Opena et al., 2014) and Mimosa
invisa (Chauhan and Johnson, 2010). In the study conducted by Chauhan and Johnson
(2008) on L. chinensis, no seeds germinated at 150 mM or greater concentrations of
NaCl, and the salt concentration required for 50 per cent inhibition of maximum
germination was 50 mM NacCl. It was observed that subjecting seeds to salt stress
delayed the onset of germination and the time to 50 per cent germination increased
with increasing salt concentration from 0 to 250 mM. The longevity of L. chinensis

seeds in saline conditions is still unclear and needs further investigation.

The results suggested that seeds of L. chinensis could germinate at high salt
concentrations, indicating its tolerance to salinity and potential to become a major
weed in saline soils in future. Hence, crop cultivation practices in such regions could

be affected not only by salinity but also by competition with the weed species.
5.2.3.3 Studies on field conditions favourable for emergence

Irrigation is an important cultural operation as far as weed management is
concerned. Early flooding is futile in WSR as the aerobic conditions required to grow
rice also allow weeds to establish. The potential of water management options,
especially flooding, as a component of integrated weed management strategies could
be enhanced if the response of L. chinensis to various practices were better
understood.

In the pot study, continuous flooding for a period of 30 days and maintaining
a thin layer of water (3 cm) appeared to be the most effective tactic for reducing the
emergence of L. chinensis (Fig. 9), when seeds were placed on the soil surface.
Maintaining soil moisture with a thin layer of water by irrigating every day could not
provide a favourable condition for germination and resulted in zero emergence.
Flooding to a depth of 2 cm reduced seedling emergence of L. chinensis by 72 per
cent when the soil had been flooded continuously for 28 days (Chauhan and Johnson,
2008).



According to Chauhan and Johnson (2010), the alteration in physical,
chemical, or biological characteristics of submerged soils is responsible for the
reduced weed emergence and dry matter in flooded soils. Reduced oxygen levels,
accumulation of carbon-di-oxide and toxic gaseous products resulting from anaerobic
decomposition and manifestation of reduced forms of chemical radicals and gases
such as methane, nitrogen, nitrogen oxides, and sulphides may all contribute to weed
growth inhibition in flooded soils (Smith and Fox, 1973). It is also conceivable that
the weed seeds' depth sensing mechanisms are associated to the amplitude of
temperature variations (Pons, 1982). Lower germination of seeds under flooding
might be a result of smaller temperature fluctuations in deeper water (Chauhan and
Johnson, 2010).

In the pots where alternate flooding and draining and irrigation to a depth of
5 cm once in every 15 days was practiced, 55 and 35 per cent seedling emergence
was noticed at 5 DAS. Alternate flooding and draining commenced with draining the
field 2 DAS and during this period, seeds started germinating. The germinated
seedlings survived the flooding done later for 5 days. However, the late emerged
seedlings got dried up during the second draining, though they survived during the
period of flooding. The presence of residual water in the puddled soil might be
responsible for the initial germination of L. chinensis seeds. Flooding to a depth of 2
cm reduced seedling emergence of L. chinensis by 26 per cent when the soil had been
intermittently flooded for 2 of 7 days for 28 days (Chauhan and Johnson, 2008).

In the study, irrigation on alternate days provided a condition similar to field
capacity and favoured the germination of L. chinensis. This demonstrated that aerobic
moist soil alternating with short term moisture stress could trigger their germination.
This might be the reason for the successful establishment and colonization of the
weed in WSR, where aerobic moist soil provides a favourable niche for
establishment. Chauhan and Abhugo (2013) reported that field capacity favours the
germination of L. chinensis. In the present scenario of impending water crisis and

drought, L. chinensis could become more problematic in WSR.



A study conducted by Awan et al. (2015) reported that aerobic conditions
increased the growth and growth parameters of L. chinensis compared to saturated

conditions.

In the pot study, L. chinensis seeds were found to have emerged even after 30
days when flooding was withdrawn, indicating the ability of this weed to wait for
favourable conditions to establish and thrive. It was observed that once L. chinensis
seedlings had emerged, flooding later would not reduce their shoot growth. Similar
results have been reported for some sedges and BLWSs (Chauhan and Johnson,
2009b). The small size of L. chinensis seeds makes seedling emergence a crucial
point, so that seeds can rapidly reach normoxic conditions at the soil surface
(Benvenuti et al., 2004).

5.2.3.4 Studies on the effect of depth of burial and means of propagation on weed

survival

The emergence of L. chinensis was maximum from the seeds present on the
soil surface and no seeds emerged from a depth of 2 cm or more. The reduced seed
reserves due to smaller seed size (1.038-1.112 mm in length and 0.525-0.608 mm in
width) with the thousand seed weight of 0.10 to 0.18 g might be the reason for poor
emergence from higher depths. Benvenuti et al. (2004) elucidated the poor emergence
of L. chinensis to reduced seed reserves from deep soil layers known as fatal
germination. Larger seeds with more carbohydrate reserves can emerge from deeper
burial depths (Baskin and Baskin, 1998), whereas small seeded species like
L. chinensis may not have enough reserves to support seedling emergence from
deeper depths (Chauhan and Johnson, 2010).

Absence of light at greater depths might also be responsible for the reduced
seedling emergence from deep buried seeds. Light penetration is largely restricted to
the first few millimetres of the soil and seeds buried more than two mm below the
soil surface generally receive less than one per cent of incident light (Woolley and
Stoller, 1978), which is not adequate to trigger germination (Egley, 1986). On top of

this, reduced seedling emergence with an increase in burial depth could be due to



hypoxia and low rates of gaseous diffusion and the presence of carbon-di-oxide
deriving from soil biological activity (Benvenuti and Macchia, 1995; Benvenuti,
2003). Even though the burial depth response varies among species, it is very
common for seeds of most weed species to germinate when they are positioned on
the soil surface (Chauhan and Johnson, 2010). Since thermal fluctuation is a known
germination stimulator, decreasing thermal fluctuation as burial depth increases may
result in reduced seedling emergence (Roberts and Totterdell, 1981). Similar results
were reported by Chauhan and Johnson (2008) for L. chinensis, in which no seedlings
emerged from a burial depth of 0.5 cm or more. In contrast, seedlings of the Italian

population emerged from seeds buried upto 5 cm (Benvenuti et al., 2004).

In pot experiments, slips reported pronounced emergence compared to seeds
with 100 per cent emergence from a depth of upto 4 cm. New flushes emerged from
the slips buried deep (6 and 10 cm) when they were brought back to the surface after
30 days, indicating that slips can remain viable for a month even though buried deep
and can serve as a major propagule under unfavourable conditions. This is suggestive
of the fact that weed can establish even in the absence of seeds. In the field, tillage
after land preparation could bring back slips to the surface, and could help in
establishment of the weed. The presence of varying stages of the weed propagule in
the same field can help the weed escape from herbicide application and can become

more problematic.

The results of our study suggest that no-till or shallow tillage, as well as
practises that achieve shallow burial of weed seeds and slips, would increase the
emergence of L. chinensis in field conditions. Under no-till or conservation
agriculture practises, the majority of weed seeds remain on or near the soil surface
after crop planting, albeit they may be more susceptible to quicker desiccation and
insect predation (Chauhan et al., 2012). As L. chinensis cannot emerge beyond a
depth of 2 cm, initial deep tillage operations that bury weed seeds and slips beyond
their maximum depth of emergence could manage the build-up of seed banks on the

soil surface and limit the germination of this weed.
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Further tillage operations, however, must be shallow to avoid taking the

buried seeds and slips back to the soil surface.
5.2.3.5 Studies on seed longevity

Seed longevity is defined as the viability of seeds following dry storage
(storability) and hence describes the whole seed life span (Rajjou and Debeaujon,
2008). The germination of L. chinensis seed was found to be negatively influenced
by the increase in storage period (Fig. 10). As time passed, the germinability of the
seeds was found to decline, and they germinated till nine months of storage.
A decrease in germination and viability with seed age was also reported by Jiménez-
Véazquez et al. (2021). A higher longevity period of nine months for the small sized
seeds of L. chinensis might be due to the low seed dormancy. Nguyen et al. (2012)
identified a negative association between seed dormancy and seed longevity, with
deep dormancy being linked with low storability and shallow dormancy with high
storability. Furthermore, studies conducted by Schutte et al. (2008) among the
individuals of Ambrosia trifida populations observed an inverse relationship between
seed size and seed longevity. The longevity of seeds combined with the huge quantity

of seeds produced emphasized the persistence nature of L. chinensis.
5.3 MANAGEMENT OF L. chinensis IN WET SEEDED RICE

Leptochloa chinensis is a grass weed which has emerged as a problem weed
in the major rice growing regions of Kerala with the continued usage of broad
spectrum herbicide bispyribac sodium for the management of Echinochloa sp (Jacob,
2014). Despite concerns about weed shifts, herbicide resistance and environmental
trade-offs, use of chemical herbicides has become an inevitable practice in WSR due
to the enormous and extensive population of weeds, coupled with the paucity and
high cost of labour for manual weeding. Tank mixing of appropriate herbicide
formulations is a potential economic approach for dealing with weed shift, herbicide
resistance and for broad spectrum management of weeds. Herbicide mixes will help
to avoid the resistance problem and weed population shifts that are always a concern

while using a single herbicide (Duary et al., 2015).
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The effectiveness of herbicides and tank mix or ready mix combinations in

controlling L. chinensis in WSR was investigated in the study.
5.3.1 Observations on weeds
5.3.1.1 Floristic composition of weeds

As far as weed flora is concerned, there was considerable diversity in the weed
species that infested the experimental area. Fifteen species of weeds were observed
in the WSR (Plate 18) where the species diversity was found to be higher in BLWSs
(8) as compared to grass weeds (3), sedges (3) and fern (1). Diversity in weed flora
in WSR cultivation has been documented earlier by Jacob (2014), Umkhulzum (2018)
and Reddy (2020). The major grass weeds were L. chinensis, E. colona and
I. miliacea. Broad leaf weeds comprised of Sphenoclea zeylanica, Bergia capensis,
M. vaginalis, L. flava, Ludwigia perennis, Alternanthera philoxeroides and
Lindernia sp.. The sedges present were C. iria, C. difformis and F. miliacea.
Marsilea quadrifolia was the only fern that infested the experimental field.
As reported by Reddy (2020), L. chinensis, E. colona, I. rugosum S. zeylanica,
L. parviflora, B. capensis, Lindernia rotundifolia, M. vaginalis, F. miliacea,
C. difformis and C. iria were the major weeds infesting WSR. Hussain et al. (2008)
and Rathika and Ramesh (2019) documented E. colona, L. chinensis, E. crus-galli,

C. iria, F. miliacea, L. parviflora and Eclipta alba as the major weeds in DSR.
5.3.1.2 Effect of weed management practices on species wise count of weeds

Weed count per unit area is one of the most important quantitative parameters
used for appraising the effectiveness of weed management practices. Critical
assessment of the relative proportion of weeds before and after treatment application
revealed that grass weeds were the most dominant weed flora in WSR during the both
years, followed by BLWs and sedges. Grass weed population showed an ascending
trend occupying 48.9 and 42.3 per cent of the weed spectra during initial phase and
peaked at 87.40 and 75 per cent towards 60 DAS (Fig. 11 to 14). The dominance of
grass weeds in WSR could be attributed to its persistent non dormant weed seed bank

and favourable soil conditions in wet seeding.



Plate 16. General view of the experimental field during 2018
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Plate 17. General view of the experimental field during 2019
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Plate 18. Weed flora associated with the crop in experimental field
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Poaceae is reported as the most important weed family with more than 80
species of weeds in rice (Smith, 1981). Rani (2020) also reported a higher proportion
of grass weeds compared to BLWSs and sedges in DSR. According to Ravisankar et
al. (2008), grass weeds constituted 51.5 per cent of the total weed population in WSR.
Kumar and Ladha (2011) reported the shift of weed flora towards more difficult to

control and competitive grass weeds and sedges under direct seeding.

Among the weeds, L. chinensis was the dominant one throughout the crop
growth period in WSR and occupied more than 40 per cent of the grass weed
population before treatment application (Fig. 15). Several other researchers also
reported the dominance of L. chinensis in DSR. Earlier E. colona was the most
dominant grass weed in the fields. In the present study, dominance of L. chinensis
continued during the cropping period and surpassed E. colona and constituted more
than 50 per cent of the total grass weed population (Fig. 16 to 18). The interaction
between favourable soil condition and management practices might have resulted in
the dominance of L. chinensis in wet seeding. Singh et al. (2008) reported that
L. chinensis became more dominant than E. colona in DSR. Chauhan et al. (2015)
also reported L. chinensis as one of the most predominant weeds prevalent in the
districts of Phuoc Thoi, Thoi Lai and Co Do in the Mekong Delta region of Vietnam,
where direct seeding had been practiced. IRRI (2020a) categorized L. chinensis under
the twelve most troublesome weeds in Asian rice fields and also as one among the

dirty dozen weeds.

Among the herbicidal treatments, fenoxaprop-p-ethyl (FPE) @ 0.06 kg ha
recorded the least count of L. chinensis at all stages and was found to be on par with
hand weeding twice (HW) at 20 and 45 DAS and bispyribac sodium (BS) @ 0.025
kg hal+ FPE @ 0.06 kg ha* (Fig. 19). The application of FPE @ 0.06 kg ha™ reduced
the L. chinensis count by 100, 98.15 and 96.05 per cent compared to the unweeded
control, respectively at 15, 30 and 45 DATA. Compared to unweeded control, HW
twice at 20 and 45 DAS and BS @ 0.025 kg ha® + FPE @ 0.06 kg ha* resulted in
100 per cent reduction of L. chinensis at 15 DATA and caused 98.23 and 96.95 per
cent and 91.56 and 94.19 per cent reductions at 30 and 45 DATA, respectively.
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The result was confirmed by the findings of Pratap et al. (2016), who reported
that sole application of FPE @ 60 g ha™* caused significant reduction in the density
of L. chinensis at 30 DAS, which was found to be on par with HW twice at 20 and 40
DAS. Jacob (2014) also found that FPE was the most effective herbicide against
L. chinensis for achieving 100 per cent control at 30 and 60 DAS.

As evident from the data on weed count, application of cyhalofop butyl (CB)
@ 0.08 kg ha! and its tank mix combination with carfentrazone ethyl (CE) @ 0.02
kg hal were effective in controlling L. chinensis at initial crop growth stages,
resulting in lower counts. According to Abeysekera and Wickrama (2004), CB 100%
EC applied at 7-10 DAS recorded excellent control (90-94%) over L. chinensis
resulted in the lowest population and dry weight. Jacob (2014) reported CB as the
next best herbicide to FPE in controlling grass weeds including L. chinensis. The tank
mix combination of CB @ 0.08 kg ha + CE @ 0.02 kg ha* brought about 75 per
cent reduction in L. chinensis count compared to sole application of CB @ 0.08 kg
ha! in the early stages of crop growth, which indicated the synergistic effect of the

combination in managing L. chinensis.

Stale seedbed (SSB) fb chemical weeding was effective in controlling the
germination and establishment of L. chinensis in the early stages of crop (Fig. 19).
The control obtained in SSB is due to the destroyal of weed seeds in the top soil layers
which germinated during staling operation and its subsequent destroyal on application
of glyphosate followed by CB and CE spraying. The control might be because of the
stimulated germination of the seeds accumulated on the surface. Application of
glyphosate completely killed the established weeds, whereas the simultaneous
application of oxyfluorfen inhibited the germination and establishment of new weeds
from the soil seed bank by its pre-emergence action. Chauhan and Johnson (2008)
also suggested that the soil seed bank of L. chinensis could be depleted by SSB
strategies before crop establishment, as there is a low amount of primary dormancy
in the seeds indicated by the high germination (95%) immediately after maturity.
Jiang (1989) testified that oxyfluorfen at 0.1 kg ha® gave 90-100 per cent control of

L. chinensis.



According to Jose et al. (2013), oxyfluorfen's contact and residual activity
destroyed weed seeds in the top layer of soil, reduced initial crop weed competition

and standing water prevented further seed germination.

Application of BS alone @ 0.025 kg ha™ was found not effective in controlling
L. chinensis throughout the crop growth period. Several researchers reported the
inefficiency of BS against L. chinensis (Gopal et al., 2010; Chauhan and Abugho,
2012; and Atheena, 2016). On the other hand, its combination with FPE @ 0.06
kg hator CB @ 0.08 kg ha™ resulted in corresponding reduction of 91.67-100.0 and
87.5-93.95 per cent of the L. chinensis population. Wang et al. (2000) reported that
BS when applied with thiobencarb or FPE was effective against L. chinensis. Mahajan
and Chauhan (2015) also reported improved control of aerobic grass weed,
L. chinensis with the tank mix application of FPE and BS. Acetolactate synthase
(ALS) is the main target of herbicides and BS prevented biosynthesis of branched
chain amino acids by inhibition of ALS, but its activity was low in L. chinensis and
it was recommended that 10% BS be applied with thiobencarb or FPE, especially
controlled L. chinensis (Wang et al., 2000).

Among the herbicide combinations, penoxsulam (PS) + CB (6% OD) @ 0.15
kg ha butyl could not give satisfactory control of L. chinensis during both years and
recorded the highest persistent number of L. chinensis among the combinations. The
possible reason for the observation might be the sandy clay loam texture of the soil
with 61.7 per cent sand, 9.3 per cent silt and 28.1 per cent clay. This is in consonance
with the findings of Prakash et al. (2017) wherein the ready mix formulation of PS +
CB recorded higher total weed dry weight compared to other combinations, in a sandy
loam texture. Verma et al. (2017) also reported that PS + CB @ 120 g a.i. ha’ did not
give satisfactory control of grass weeds, BLWSs and sedges after 10 days of herbicide
application, where the soil texture was sandy loam. On the other hand, studies
conducted by Lap et al. (2013), Pratap et al. (2016), Raj (2016) and Yadav et al.
(2018) realized complete control of L. chinensis with PS + CB combination. Control
of L. chinensis with this combination performed better in soils dominated by clay

(either clayey, clay loam, or silty clay loam) compared to sand.
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Fig. 19. Effect of weed management practices on count of Leptochloa chinensis,
Kharif 2018 (A) Kharif 2019 (B)



Application of CB @ 0.08 kg ha*, PS + CB (6% OD) @ 0.15 kg ha*, BS @
0.025 kg ha!, BS @ 0.025 kg ha' + CB @ 0.08 kg ha, BS @ 0.025 kg ha* + FPE
@ 0.06 kg hatand SSB fb chemical weeding resulted in 100 per cent control of
E. colona at 15 DATA during both years. This result was in line with the findings of
Lap et al. (2013), who reported that the aryloxyphenoxy propionate rice herbicide,
CB was effective against Echinochloa spp. and both the active ingredients in the
ready mix combination of PS + CB provided excellent control of Echinochloa spp..
Post emergence application (PoE) of CB at 80 g ha' was found effective in
controlling E. colona (Choubey et al., 2001). Scott (2003) also found CB as a very
effective herbicide against barnyard grass. Walia et al. (2008) indicated the
effectiveness of PoE application of BS @ 0.025 kg ha™ against E. colona.

Application of FPE @ 0.06 kg ha™* was not effective in controlling E. colona
and resulted in a higher count irrespective of the crop growth period. Bhullar et al.
(2016) also reported the ineffectiveness of FPE in managing E. colona still, it
significantly reduced the density of L. chinensis. Conversely, its tank mix
combination with BS @ 0.025 kg ha* resulted in lower count of E. colona with 100
per cent reduction at 15 and 30 DATA and 97.5 per cent at 45 DATA. Compared to
the sole application of FPE @ 0.06 kg ha* and BS @ 0.025 kg ha?, the tank mix
application of BS @ 0.025 kg ha + FPE @ 0.06 kg ha resulted in a decreased count
of E. colona at all stages. It is apparent that the combination had a synergistic effect
in managing E. colona as tank mix and might be the reason for lower population in
combination spray compared to sole application. On the contrary, the tank mix
combination of CB @ 0.08 kg ha + CE @ 0.02 kg ha™ resulted in 63.40 and 41.73
per cent increase in E. colona count compared to the sole application of CB @ 0.08
kg hal, respectively at 30 and 45 DATA, and recorded higher populations at all stages
of observation. This is suggestive of an antagonistic effect of the herbicide
combination in managing E. colona. Several studies authenticated the antagonistic
effect of CB in various combinations like with broad leaf herbicides against barnyard
grass (E. crus-galli) by Branson et al. (2002) and with 2,4-D amine or acifluorfen by
Scott (2003).



Fenoxaprop-p-ethyl @ 0.06 kg ha* and the tank mix application of BS @
0.025 kg ha + FPE @ 0.06 kg ha™* were effective in controlling I. miliacea at all
stages during both years as evident from the lower weed count. This result is in
agreement with the findings of Suada (2015) and Renjan (2018). Compared to the
weedy check, FPE recorded significantly lower dry weight of I. miliacea (Renjan and
George, 2018). SSB fb chemical weeding achieved complete control of I. miliacea at
early stages of crop growth. The non-traditional rice herbicide glyphosate gave
excellent control of I. miliacea and no regrowth was observed after two weeks (Suada,
2015). The control of 1. miliacea was poor with the sole application of CB @ 0.08
kg ha! and its combinations with CE @ 0.02 kg ha* or BS @ 0.025 kg ha™* during
later stages of the crop. The ready mix combination of PS + CB (6% OD) @ 0.15 kg
ha! and the sole application of BS @ 0.025 kg ha™ were less effective against
I. miliacea compared to FPE @ 0.06 kg ha! and its combination with BS @ 0.025
kg hal. Suada (2015) reported that BS and PS could provide initial control of

I. miliacea, whereas regrowth was seen after two weeks.

The dominant BLWs observed in the experimental field were S. zeylanica and
B. capensis, which were effectively controlled by BS @ 0.025 kg ha*, BS @ 0.025
kg hal+ FPE @ 0.06 kg hat, PS + CB (6% OD) @ 0.15 kg ha*and SSB fb chemical
weeding. According to Raj et al. (2013), BS 10 SC (30 g ha'!) was found to be very
effective against S. zeylanica. PS + CB premix at 1.0 L ha™ provided excellent control

of S. zeylanica when applied at 0-14 days after planting (Lap et al., 2013).

Another BLW observed in the experimental field during both years was
M. vaginalis. Its population was found to be high during initial stages of the crop in
unweeded control and a gradual decrease in population was observed towards later
stages. Under submerged conditions, majority of M. vaginalis seedlings emerged
within a short span of time, the peak germination being between 15 to 25 days (Noda
and Eguchi, 1965). During both years, SSB fb chemical weeding achieved complete
control of M. vaginalis at 15 DATA. However, the treatment failed to produce
satisfactory control of M. vaginalis at 30 and 45 DATA during both years and resulted

in a higher population.



The enhanced germination of M. vaginalis on flooding favoured its
proliferation during staling followed by flooding. Tank mix application of CB @ 0.08
kg ha! + CE @ 0.02 kg ha* had no effect on M. vaginalis and resulted in a higher
population at all stages. The result find ample support from the findings of Atheena
(2016), where, in a comparison of tank mixing and sequential application of CB and
CE, tank mixing was ineffective on M. vaginalis, and follow up application of CE

resulted in a lower population.

Penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha*, BS @ 0.025 kg ha'?,
BS @ 0.025 kg hal + CB @ 0.08 kg ha* and BS @ 0.025 kg ha + FPE @ 0.06 kg
ha ensured more than 60 per cent control of M. vaginalis at all stages during both
years. The population reduction was correspondingly extended to 95.84, 75, 77.86
and 95.25 per cent, and 95.84, 100, 100 and 100 per cent, respectively at 15 and 30
DATA. The PS + CB premix at 1.0 L ha* provided excellent control (95 to 100%) of
M. vaginalis when applied 4 to 18 DAP in Philippines and Vietnam (Lap et al., 2013).
Atheena (2016) also reported the effectiveness of BS in controlling M. vaginalis.

During 2018, L. flava appeared in the experimental field only after 15 DATA,
whereas in 2019 it was present from the beginning. L. flava was completely controlled
by the herbicide combinations PS + CB (6% OD) @ 0.15 kg hal, BS @ 0.025
kg hal + CB @ 0.08 kg ha and BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha* at 15 and
30 DATA. BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha* was very effective in managing
L. flava and realized 100 per cent control throughout the crop period. Application of
BS @ 0.025 kg ha™ resulted in 75.04 per cent reduction of L. flava at 15 DATA and
complete control at 30 and 45 DATA. Nishan (2012) reported that BS @ 30 g a.li.
ha! was effective in controlling L. flava and was on par with metsulfuron methyl +
chlorimuron ethyl @ 6 g a.i. ha. Tank mix combination of CB @ 0.08 kg ha + CE
@ 0.02 kg ha! and SSB fb chemical weeding also achieved cent per cent control at
15 DATA but failed to maintain the same level of control at 30 DATA and later.

During both years, CB @ 0.08 kg ha* and FPE @ 0.06 kg ha™ registered a
higher population of BLWs (S. zeylanica, B. capensis, M. vaginalis and L. flava) as

they are known grass killers. Ampong-Nyarko and De Datta (1991) reported that



M. vaginalis is resistant to FPE. As reported by Atheena (2016), CB alone registered

higher count of M. vaginalis.

Cyperus iria, C. difformis and F. miliacea were the sedges observed in WSR
during the crop growth period. The population of these sedges was low in the
experimental field compared to grass weeds and BLWSs before treatment application.
All the weed management practices ensured cent per cent control of C. iria at 15
DATA. PS + CB (6% OD) @ 0.15 kg ha!, BS @ 0.025 kg ha!, BS @ 0.025 kg ha™!
+CB @ 0.08 kg hal, BS @ 0.025 kg ha! + FPE @ 0.06 kg ha* and HW twice at 20
and 45 DAS resulted in zero count of C. iria at all stages of observation. However,
CB @ 0.08 kg ha* and CB @ 0.08 kg ha* + @ 0.02 kg ha* though showed 100 per
cent control at initial stages of crop growth failed to maintain better WCE later. This
could be due to the short term contact action CE @ 0.02 kg ha™™.

Stale seedbed fb chemical weeding provided complete control of all the
sedges during the initial stage. Chauhan and Johnson (2010) discoursed that C. iria,
C. difformis and F. miliacea were relatively more susceptible to the SSB technique
owing to their low seed dormancy and the inability to emerge from a depth greater
than 1 cm. Jiang (1989) reported that oxyfluorfen at 0.1 kg ha* offered 90-100 per

cent control of C. iria.

Application of PS + CB (6% OD) @ 0.15 kg ha*and BS @ 0.025 kg ha* +
FPE @ 0.06 kg ha* were found to be effective in controlling C. difformis, C. iria and
F. miliacea at all stages during both years. Lap et al. (2013) reported that PS + CB
premix at 1.0 L ha* (10 + 50 g a.i. L™%) provided very good control of above mentioned
sedge species when applied at 0-14, 4-14 and 0-18 DAP, respectively and was on par
with premix at 1.25 or 1.5 L ha. According to Pal and Banerjee (2007) and Singh et
al. (2009), PS was effective against C. difformis.

Sole application of BS @ 0.025 kg ha* and its tank mix combination with CB
@ 0.08 kg ha were effective in controlling F. miliacea during 2019. However, the
control was effective upto 15 DATA during 2018. Similar results were obtained by
Prashanth et al. (2015).



Application of CB @ 0.08 kg ha™ and FPE @ 0.06 kg ha* alone was not
effective in managing C. difformis and F. miliacea and resulted in higher count at all
stages. The result was corroborated by the findings of Jacob (2014), who found that
CB and FPE were ineffective against Cyperus spp. and F. miliacea. However, the
tank mix application of BS @ 0.025 kg ha' + FPE @ 0.06 kg ha attained higher
control efficiency than the individual herbicides and resulted in 100 per cent control
of C. difformis and F. miliacea. It is apparent that tank mixes have modified properties
and perform better than its alone application suggesting the synergistic effect of the

combinations in managing C. difformis and F. miliacea.
5.3.1.3 Effect of weed management treatments on total weed count

Among the weed management practices, tank mix application of BS @ 0.025
kg ha! + FPE @ 0.06 kg ha registered the least count of grass weeds at all stages
and registered 100, 96.89 and 92.97 per cent reduction in weed count over unweeded
control at 15, 30 and 45 DATA in WSR (Fig. 20, 21 and 22, respectively). The lower
count of grass weeds could be attributed to the combined efficiency of the mix in
broad spectrum control of grass weeds. FPE @ 0.06 kg ha™* was also effective against
grass weeds, with 97.17, 94.32 and 91.24 per cent reduction over unweeded control,
respectively, at 15, 30 and 45 DATA. Kuah and Salehuddin (1988) found that FPE
had the potential to control grass weeds in DSR. Dixit and Varshney (2008) and Jacob
et al. (2014) also reported the effectiveness of FPE at 60 g ha™* for controlling grass
weeds in DSR. Application of FPE at 56.25 g ha! 10 DAT effectively controlled
E. colona, E. crus-galli, L. chinensis and I. rugosum (Singh et al., 2004). BS @ 0.025
kg hal + FPE @ 0.06 kg ha™ registered lower count of grass weeds compared to the
their sole application and could be considered as an additive selection for control of

grass weeds.

The application of CB @ 0.08 kg ha resulted in very good control of grass
weeds in WSR compared to the application of broad spectrum herbicide, BS @ 0.025
kg ha’. Saini (2003) reported CB at 100 g ha™ as PoE application for annual grass
weeds in WSR. The higher population of grass weeds in BS @ 0.025 kg ha* could

be ascribed to the higher count of L. chinensis. This indicated the inefficiency of BS



in managing L. chinensis, even though effective against grass weeds. The highest
count of L. chinensis was observed with the application of BS 10% SC (Abeysekera
and Wickrama, 2004). In contrast, the tank mix of BS @ 0.025 kg ha with FPE @
0.06 kg ha or CB @ 0.06 kg ha brought about 35-50 and 11-40 per cent reduction

in L. chinensis population, respectively.

The sole application of CB @ 0.08 kg ha provided better control of grass
weeds compared to its tank mix combination with BS @ 0.025 kg haand CE @ 0.02
kg ha, which recorded reduction of 50.09, 28.26 and 24.61 per cent and 36.03, 11.16
and 10.56 per cent, correspondingly at 15, 30 and 45 DATA. The higher count of
grass weeds obtained in PS + CB (6% OD) @ 0.15 kg ha* was contributed from the

uncontrolled L. chinensis population.

In the experimental site, which was dominated by grass weeds, the number of
BLWs was generally low. Application of BS @ 0.025 kg ha! was found to be
effective in regulating BLWs during both the years. The efficiency of BS in
controlling BLWs resulted in the lowest count under the treatment. According to Raj
et al. (2013), BS 10 SC (30 g ha*) was found to be very effective against BLWs such
as M. vaginalis, L. perennis and S. zeylanica. A lower count of BLWs was observed
under the tank mix combination of BS @ 0.025 kg ha! + FPE @ 0.06 kg ha, which
recorded a reduction of 73.39 and 26.02 per cent, respectively, at 15 and 30 DATA,
compared to the sole application of BS @ 0.025 kg ha™’. This might be due to the
synergistic effect contributed by FPE towards BS in managing BLWSs, even though
FPE is known to be a grass killer. Application of the ready mix formulation of PS +
CB (6% OD) @ 0.15 kg ha was also effective in controlling BLWs except for
L. perennis. Application of CB @ 0.08 kg ha* and FPE @ 0.06 kg ha'* were not able
to control BLWs as these are grass herbicides. PoE application of CB was ineffective
in controlling BLWs (Saini et al., 2001; Kiran and Subramanyan, 2010).

Stale seedbed fb chemical weeding resulted in the lowest BLW count at the
early stages of the crop. Staling stimulated the emergence of BLWs which are mostly
seed propagated and multiple modes of action maximized the efficiency of chemical

weeding.



In DSR, the SSB technique combined with the application of a non-selective
herbicide was shown to be more effective than mechanical weeding in reducing
weeds (Renu et al., 2000). However, the treatment failed to maintain control in the
later stages due to excessive aggregation of M. vaginalis and L. flava under flooding.

Though PS + CB (6% OD) @ 0.15 kg ha* was efficient in controlling a wide
range of BLWs, it was found ineffective against L. perennis in WSR. This accords
for the reports of Menon et al. (2016).

Tank mix application of BS @ 0.025 kg ha™ + FPE @ 0.06 kg ha* resulted in
lower sedge count at all stages of observation. Application of PS + CB (6% OD) @
0.15 kg ha' and BS @ 0.025 kg ha? resulted in better control of sedges,
correspondingly recording 91.35 and 85.62 per cent and 100 and 82.33 per cent
reduction, respectively at 15 and 30 DATA. Singh et al. (2016) observed PS + CB as
an effective herbicide for controlling sedges in transplanted rice. BS 10% SC at 35
g hal (15 DAT) was found effective against C. difformis, C. iria and
Fimbristylis woodrowii with higher weed control efficiency (82%) in transplanted
rice (Prashanth et al., 2015).

Hand weeding twice at 20 and 45 DAS recorded lower count of weeds and
realized 98.27, 98.88 and 92.95 per cent and 86.42, 90.73 and 46.15 per cent reduction
of grass weeds and BLWs over unweeded control at 15, 30 and 45 DATA. HW twice
at 20 and 45 DAS reduced the sedge population by 100 per cent compared to the
unweeded control at 15 and 30 DATA. This result was corroborated by the findings
of Mubeen et al. (2014), who opined that HW reduced the density of weeds by 90 per
cent, particularly grass weeds. However in the study, no sedges were detected in the
unweeded control towards the end of the crop. This could be due to early completion

of their growth and life cycle.

Unweeded control resulted in greater weed count at all stages of crop growth.
However, the data revealed a downward trend in weed count towards the later stages.
The decline can be ascribed to early completion of life cycle of certain weeds and

suppression of late emerged weeds by other competing ones.
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Fig. 20. Effect of weed management practices on weed count at 15 days after
treatment application, Kharif 2018 (A) Kharif 2019 (B)
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Fig. 21. Effect of weed management practices on weed count at 30 days after
treatment application, Kharif 2018 (A) Kharif 2019 (B)




Grass weeds m Broad leaf weeds m Sedges

160
140
120
100 -

Count (no. m?)
3

T1 T2 Ts Ta Ts Te T7 Ts To T

Ireattierniw

A

Grass weeds m Broad leaf weeds m Sedges

160 -

: Ll_LLlill

Tt T2 Tz Ta Ts Te T7 Tg To Tio
I reatments

B

Fig. 22. Effect of weed management practices on weed count at 45 days after
treatment application, Kharif 2018 (A) Kharif 2019 (B)



5.3.1.4 Effect of weed management treatments on weed dry matter production

Perusal of the data revealed that treatments had significant effect on total weed
dry matter production (DMP) at 15, 30 and 45 DATA during 2018 and 2019. Among
weed control treatments, tank mix application of BS @ 0.025 kg ha™ + FPE @ 0.06
kg ha registered the least weed DMP, which was significantly lower than their sole
application. At 15, 30 and 45 DATA, the combination reduced weed DMP by 83.09,
83.89 and 96.55 per cent, 86.38, 93.18 and 98.20 per cent and 73.26, 86.49 and 89.70
per cent, respectively, when compared to BS @ 0.025 kg ha, FPE @ 0.06 kg ha!
and unweeded control (Fig. 23). The synergistic effect of the herbicide combinations
would be the plausible reason for the lower DMP. BS @ 0.025 kg ha provided
effective control of grass weeds, BLWs and sedges, but its ineffectiveness on the
aerobic grass L. chinensis resulted in large weed DMP. Abeysekera and Wickrama
(2004), Jacob (2014) and Atheena (2016) also observed the inefficiency of BS in
controlling L. chinensis. However, when BS @ 0.025 kg ha™* was combined with FPE
@ 0.06 kg ha or CB @ 0.08 kg ha, the DMP of L. chinensis was reduced by 100,
94.02 and 92.89 per cent and 94.26, 88.04 and 92.89 per cent at 15, 30 and 45 DATA,
respectively (Fig. 24). Wang et al. (2000) and Mahajan and Chauhan (2015) also

reported the effectiveness of BS against L. chinensis when applied with FPE.

Stale seedbed fb chemical weeding at 15 DATA registered zero weed DMP
upto 33-35 DAS. However, weed DMP accrued at later stages, which might be
attributed to the lower efficiency of POE CB @ 0.08 kg ha' + CE @ 0.02 kg hatin

managing late emerged M. vaginalis and L. flava.

Though PS + CB (6% OD) @ 0.15 kg ha! was effective in managing a
complex spectrum of weeds, DMP at 30 DATA was higher, which could be attributed
to its lower efficacy in managing L. chinensis in sandy clay loam. This is consistent
with the findings of Prakash et al. (2017) and Verma et al. (2017), where higher total
weed dry weight was recorded in sandy loam soil. This ready mix combination

showed variable results under different soil texture and needs further investigation.



Amongst the herbicidal treatments, weed DMP was the highest in CB @ 0.08
kg ha’l, followed by FPE @ 0.06 kg ha® and BS @ 0.025 kg ha*, where sole
application was adopted. Weed DMP was found to increase by 1.6-6.5 times in the
plots that received applications of single herbicides compared to the plots with tank
mix or ready mix applications. As an exception, CB @ 0.08 kg ha® + CE @ 0.02
kg ha* resulted in higher weed DMP at later stages and statistically comparable to
that of BS. This was due to the inability of the combination to manage M. vaginalis
and F. miliacea. The inability of BS to control L. chinensis and the efficacy of FPE
and CB to control L. chinensis signified the need of herbicide combinations for

managing complex weed flora in WSR.

Hand weeding twice at 20 and 45 DAS reduced weed DMP by 96.80, 98.56
and 92.84 per cent compared to unweeded control at 15, 30 and 45 DATA. This result
was supported by the findings of Mukharjee and Maity (2011), where HW at the
critical growth stages of the crop resulted in lower weed dry weight. There was an
increase in weed DMP in most of the herbicidal treatments at 45 DATA and the
L. chinensis DMP had increased to three-fold at 45 DATA over 30 DATA. The weed
DMP in the unweeded control was increased five-fold (Fig. 25), from 15 to 30 DATA.
However, it was less at 45 DATA than at 30 DATA during both years. The reduction
in DMP per unit area towards the later stages might be caused by the decreased count

of weeds in unweeded control.
5.3.1.5 Effect of weed management practices on nutrient removal by weeds

Nutrient removal is a function of total DMP and nutrient content, and it
reflects the competitive capacity of weeds, which limits the availability of nutrients
to the crop, instigating yield reduction.

Nutrient removal by weeds was statistically influenced by weed management
practices. Nutrient removal closely matched the trend of weed DMP. Removal of N,
P and K by weeds was noticed more in unweeded control irrespective of the crop
growth stage and depleted 27.72, 4.61 and 67.95 kg of N, P and K per hectare at 45
DATA (Fig. 26). This could be attributed to the higher DMP of weeds.
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Fig. 23. Effect of weed management practices on weed dry matter production,
Kharif 2018 (A) Kharif 2019 (B) Pooled (C)
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Similar results were also reported by Jacob (2014) and Reddy (2020). As per
Ramamoorthy (1991), when weeds were allowed to compete with rice, they washed
out 25.8 kg N, 3.65 kg P2.Os and 21.83 kg K:O.

The removal of NPK was the least (zero) in the SSB fb chemical weeding at
15 DATA. However, the treatment failed to continue the trend due to the increased

population of weeds and higher DMP by weeds, especially BLWSs and sedges.

The hand weeded treatment, tank mix combination of BS @ 0.025 kg ha™ +
FPE @ 0.06 kg hat, BS @ 0.025 kg hal + CB @ 0.08 kg ha! and ready mix
formulation of PS + CB (6% OD) @ 0.15 kg ha™ registered the lowest values of
nutrient removal. When compared to unweeded control, these treatments
correspondingly reduced N, P, and K removal by 92.35, 89.72, 85.22 and 82.31
per cent, 89.15, 88.28, 74.74 and 73.90 per cent, and 95.33, 93.49, 89.85 and 89.23
per cent. This might be due to the efficient control of broad spectrum of weeds, which
resulted in low weed DMP and hence low nutrient removal. Among the herbicide
combinations, CB @ 0.08 kg ha + CE @ 0.02 kg ha* registered the highest removal
of major nutrients, which might be attributed to the inefficiency of the treatment to

control M. vaginalis as indicated by its increased population and higher weed DMP.

In WSR, L. chinensis removed 18.76, 1.46 and 34.81 kg N, P and K per
hectare under unweeded conditions at 45 DATA (Fig. 27). Higher nutrient removal
by L. chinensis irrespective of the growth stages was contributed by the increased
DMP. Singh and Dash (1988) had cited the positive correlation between N uptake
and weed dry weight. NPK removal by L. chinensis also followed the trend of DMP
by the weed. As reported by Reddy (2000), L. chinensis removed 16.5 kg N, 3.5 kg P
and 25.8 kg K per hectare from weedy check. Unweeded control was followed by BS
@ 0.025 kg ha* with nutrient removal of 10.0, 0.72 and 11.69 kg N, P and K per

hectare. This also revealed the inefficiency of the herbicide to manage L. chinensis.

The lowest nutrient removal by L. chinensis was noticed in the plots treated
with FPE @ 0.06 kg ha* and its tank mix combination with BS @ 0.025 kg ha,
resulting in 96.40, 98.94 and 97.89 per cent and 95.66, 98.73 and 97.37 per cent



reduction in N, P and K removal, respectively, over unweeded control. The efficient
control of L. chinensis by these treatments abridged the nutrient removal owing to the
lower DMP. Even though the ready mix formulation of PS + CB (6% OD) @ 0.15 kg
ha! was efficient in managing the broad spectrum of weeds, its inefficiency in sandy

clay loam texture to control L. chinensis had led to a higher nutrient removal.

5.3.1.6 Effect of weed management practices on weed control efficiency and weed

index

Weed control efficiency (WCE) measures the relative performance of weed

management practices over weedy check (unweeded control).

Among the weed management practices, higher WCE of 96.80, 98.56 and
92.84 per cent were recorded in HW twice at 20 and 45 DAS, respectively at 15, 30
and 45 DATA. In WSR, tank mix application of BS @ 0.025 kg ha* + FPE @ 0.06
kg ha was equally effective as HW twice at 20 and 45 DAS with WCE of 96.55,
98.20 and 89.70 per cent, respectively at 15, 30 and 45 DATA (Fig. 28). This might
be possible because of the efficient management of a broad spectrum of weeds by the
combined action of herbicides with different mode of action. Similar results were
described by Blouin et al. (2010), who found that mixtures of ALS inhibitor

herbicides with FPE at optimum doses enabled greater weed control in rice.

Tank mix application of BS @ 0.025 kg ha™* with FPE @ 0.06 kg ha™ or CB
@ 0.08 kg hal, as well as ready mix combination of PS + CB (6% OD) @ 0.15 kg
ha showed superior weed control than sole applications of these herbicides. WCE
with sole application of herbicides ranged from 79.05 to 81.46, 67.92 to 85.86 and
18.92 to 61.39 per cent, respectively at 15, 30 and 45 DATA, while, in herbicide
combinations, it ranged from 83.01 to 100, 80.85 to 98.20 and 50.73 to 89.70 per cent,
respectively. These results suggested that tank mixing of BS @ 0.025 kg ha* with
FPE @ 0.06 kg ha*or CB @ 0.08 kg ha and ready mix application of PS + CB (6%
OD) @ 0.15 kg ha* might have a synergistic effect for broad spectrum weed control
as total weed biomass was lower than the plots received sole application of herbicides

and hence resulted in higher WCE. The effect was more pronounced when BS @



0.025 kg ha* was mixed with FPE @ 0.06 kg ha™ and provided excellent broad

spectrum weed control.

At 15 DATA, SSB fb chemical weeding resulted in the highest WCE of 100
per cent. This could be due to hardly any weed dry matter accumulation in the early
stages. Herbicide combinations improved WCE by 26.79 to 33.87 per cent over alone
application of BS where, sole application could register only 61.39 per cent at 45
DATA. With L. chinensis as major weed, the data on WCE (52.63, 38.68 and 42.43
per cent, respectively at 15, 30 and 45 DATA) distinctively revealed the

ineffectiveness of BS.

At 15, 30 and 45 DATA, sole application of FPE @ 0.06 kg ha had the
highest WCE of 100, 97.55 and 96.78 per cent against L. chinensis (Fig. 29). FPE @
0.06 kg ha and CB @ 0.08 kg ha™ exhibited the lowest total weed control among the
treatments due to its inefficient control of BLWs and sedges. Conversely, the tank
mix application of CB @ 0.08 kg ha?! or FPE @ 0.06 kg ha? with BS @ 0.025
kg hal improved the control of E. colona, M. vaginalis, C. iria and F. miliacea as
compared to sole application and in turn enhanced the WCE in herbicide
combinations. Bhullar et al. (2016) earlier reported the synergistic effect of tank
mixture of FPE and ethoxysulfuron at higher doses of FPE (67 and 83 g ha). This
indicated the need of herbicide combinations for broad spectrum weed control in
WSR.

The weed index (WI) denotes the reduction in yield due to weed competition
in different weed control treatments over HW, which represents a completely weed
free situation. Taking HW twice as control, the yield loss in WSR was estimated to
be 59.95 per cent due to uncontrolled weed competition, while tank mix application
of BS @ 0.025 kg ha' + FPE @ 0.06 kg ha! resulted in minimum reduction of 3.09
per cent (Fig. 30). This is consistent with findings of Reddy (2020), who reported that
weeds cause 59.75 per cent yield loss in WSR. Several studies authenticated that
weeds reduced yield by 53 per cent (Ramzan, 2003); 61 per cent (Maity and
Mukherjee, 2008); 64-66 per cent (Mukherjee et al., 2008) and 46 per cent
(Arunvenkatesh and Velayatham, 2010) in WSR.
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Combined application of herbicides recommended for grass weeds, BLWs
and sedges resulted in comparable W1 values. The lower WI was registered in BS @
0.025 kg ha + FPE @ 0.06 kg ha (3.09), PS + CB (6% OD) @ 0.15 kg ha (7.83)
and BS @ 0.025 kg ha' + CB @ 0.08 kg ha (8.60). This indicated the efficacy of
herbicide combinations in enhancing competitiveness of the plant and ensuring better

crop yield compared to its sole application.
5.3.2 Observations on crop
5.3.2.1 Phytotoxicity scoring

Most of the herbicides used recently are safer to crops as they are selective in
nature. However, some can cause biochemical or physiological modifications in crops
and may lead to the development of phytotoxic symptoms based on the active
ingredient present. In the experiment, as some of the herbicides were tank mixed,
chances of herbicide interaction are valid and chemical changes may occur which can

cause phytotoxicity, particularly, as they are applied in early stages of crop growth.

Application of FPE @ 0.06 kg ha' and CE @ 0.02 kg ha’ exhibited
phytotoxic symptoms on rice at four and seven days after spraying (DASP). In FPE
treated plots, rice plants showed white streaks on leaves, but later diminished within
7 DASP. Chauhan and Abugho (2012) and Shen et al. (2017) also observed a
phytotoxic effect on rice plants with the application of FPE. Tank mix application of
CB @ 0.08 kg ha + CE @ 0.02 kg ha™ resulted in brownish discolouration on leaves
and leaf sheath with a white halo and showed very severe injury on rice seedlings
from the 2" day onwards. However, the symptoms and severity were reduced to small
brown spots by the 7! day. Langaro et al. (2016) opined that the physiology of rice
plants is modified by the application of herbicides and the elicited responses to
oxidative stress were more prominent with the application of CE. Atheena (2016) also
reported a similar effect of CB + CE on rice. Application of CB @ 0.08 kg ha*, BS
@ 0.025 kg hatand PS + CB (6% OD) @ 0.15 kg ha did not show any visual
phytotoxic symptoms on rice plants. CB applied to rice plants did not show any visual

phytotoxicity symptoms (Abeysekera and Wickrama, 2004).



Yadav et al. (2009) noted that there was no phytotoxicity for BS on rice.
Lap et al. (2013) reported that application of PS + CB did not cause any phytotoxic
symptoms in rice upto five times the specified use rate (300 g ha™).

All the herbicidal treatments imposed phytotoxic symptoms on weeds, and
the incidence, severity and the effectiveness varied based on the active ingredient
present in the herbicide formulation. In general, BLWSs and dicot weeds exhibited
more prominent symptoms where the apical buds of the weeds were severely affected.
BLWs displayed severe phytotoxic symptoms with the tank mix application of CB @
0.08 kg ha' + CE @ 0.02 kg ha which indicated that the efficiency of CE that
selectively kills BLWs does not decrease even if tank mixed with CB. Yellowing of
foliage and subsequent wilting and drying were the common symptoms observed in
weeds treated with the ready mix combination of PS + CB (6% OD) @ 0.15 kg ha'.

5.3.2.2 Effect of weed management treatments on growth and yield parameters of

rice

Growth of the plant is characterized by plant height, number of tillers and
DMP. In the study, no significant difference in plant height was observed among the
treatments at 30 DAS. The growth of plants under the treatments that showed
phytotoxic symptoms too recovered within one week after application and did not

influence their further growth.

All the herbicidal treatments resulted in taller plants with higher tiller
production compared to unweeded control during both the years in WSR. The
application of herbicides lowered weed competition at an early growth phase with
better access of resources, leading to increase in height compared to unweeded
control, where severe weed infestation was observed. Less crop weed competition
during the early and critical stages of crop growth would result in superior crop
growth and a competitive advantage in resource use (Reddy, 2020). Unweeded
control resulted 6.61-14.36 per cent reduction in plant height in WSR. The
significantly lower plant height recorded in unweeded control during both years

might be attributed to the severe competition offered by the weeds, which resulted in



poor resource use efficiency and inferior growth attributes. A reduction in height of
rice plant due to competitive stress in unweeded check was reported by Jayasree
(1987) and Sreedevi et al. (2009). Sahu (2016) reported a reduction in plant height of
14.25 per cent in unweeded control under direct seeded lowland conditions. The
comparatively lower plant height in SSB fb chemical weeding at the initial stages
might be due to the delay in germination caused by the application of oxyfluorfen,
which gets adsorbed on to the organic matter in the soil. The strong adsorption of
oxyfluorfen in the top soil layers (0-2 cm) and organic matter was earlier reported by
Ying (1999) and Devi et al. (2015).

Due to severe weed competition, the number of tillers and panicles m in the
unweeded control was reduced by 37.72 and 66.64 per cent, respectively compared
to HW twice at 20 and 45 DAS. Herbicide combinations resulted in 31.88 to 40
per cent and 58.69 to 66.58 per cent increase in tiller and panicle production per unit
area, respectively as compared to unweeded control. BS @ 0.025 kg ha'+ CB @
0.08 kg ha?, BS @ 0.025 kg ha* + FPE @ 0.06 kg ha, PS + CB (6% OD) @ 0.15
kg hal, SSB fb chemical weeding correspondingly resulted in 40, 38.83, 37.84, 35.94
and 31.88 per cent and 62.77, 66.29, 66.58, 61.69 and 58.69 per cent increase in

number of tillers and panicles m.

Weed management practices had significant influence on the total DMP of
crops. Application of herbicide combinations, either tank mix or ready mix, with the
exception of CB @ 0.08 kg ha + CE @ 0.02 kg ha, resulted in an increased crop
DMP of 32.71 per cent compared to the sole application of herbicides. This might be
due to the better control of weeds in these treatments owing to the reduced
competition for resources such as space, light and nutrients. The crop's DMP is
determined by the plant's ability to photosynthesize, which is dependent on leaf area,
nutrient uptake, and favourable environmental conditions (De Datta, 1981). Lower
crop DMP in CB @ 0.08 kg ha + CE @ 0.02 kg ha* could be attributed to increased
weed competition out of the antagonistic response and failure in controlling many

weeds.
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Plate 19. Phytotoxic effect of herbicides and herbicide combinations on
Leptochloa chinensis at 7 days after spraying



The maximum grain yield (5.20 t ha) was attained by HW twice at 20 and
45 DAS, with the highest WCE at all stages, and recorded 60.19 per cent increase in
grain yield over unweeded control in WSR. Herbicidal treatments enhanced grain
yield by 23.89-58.84 per cent compared to the unweeded control. Herbicide
combinations of BS @ 0.025 kg ha* + FPE @ 0.06 kg ha, PS + CB (6% OD) @
0.15 kg hatand BS @ 0.025 kg ha' + CB @ 0.08 kg ha™* produced superior yield
attributes and grain yield (5.03, 4.79 and 4.76 t ha, respectively), which were
statistically similar to the hand weeded weed free check. These treatments increased
grain yield by 58.84, 56.78, and 56.51 per cent, respectively over the unweeded
control. This could be due to the greater yield attributes associated with improved
WCE. Grain yield is the ultimate result of the yield attributing characters like number
of panicles m, grains per panicle, fertility percentage and thousand grain weight
(Kayvan et al., 2007).

Among the treatments with herbicide combinations, the lowest grain yield
was obtained in plots treated with CB @ 0.08 kg ha! + CE @ 0.02 kg ha'
(3.95 t hah), resulted from the lower crop DMP and yield attributes. Sole application
of CB @ 0.08 kg ha* and FPE @ 0.06 kg ha* marked significantly inferior grain
yield (2.72 and 3.16 t ha*) and higher WI (46.99 and 38.96) among the herbicidal
treatments. Severe weed infestation caused by inefficient control of BLWSs and

sedges, as well as increased nutrient loss by weeds, resulted in lower crop yield.

Unweeded control recorded the least values in yield attributes, grain yield and
straw yield with the highest W1 of 59.95 per cent. Season long weed competition in
the unweeded control reduced grain yield by 56.77 and 63.13 per cent, respectively,
in WSR during 2018 and 2019, compared to the treatment with highest grain yield.
The heavy and unhampered infestation of weeds contributed to very severe
competition and inopportune exploitation of growth factors, which might have
resulted in lower yields and vyield attributes in unweeded control. The result is in
conformity with the findings of Mohan et al. (2010) and Kachroo and Bayaza (2011)
in WSR. Reddy (2020) also reported a grain yield reduction of 59.03 per cent in
weedy check in WSR.
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Higher straw yield was recorded in the hand weeded treatment (6.82 t ha™)
and was on par with the herbicide combination treatments BS @ 0.025 kg ha* + FPE
@ 0.06 kg ha* (6.25 t ha't), PS + CB (6% OD) @ 0.15 kg ha* (6.18 t hal) and BS @
0.025 kg ha+ CB @ 0.08 kg ha* (6.00 t hal). In comparison to unweeded control,
these treatments increased straw yield by 46.33, 41.44, 40.77 and 39.0 per cent,
respectively (Fig. 31). This could be ascribed to the increased tiller production as a
result of improved crop stand and reduced competition. The unweeded control
generated lower straw yield (3.66 t ha) and lower harvest index. The reduced tiller
count and poor crop stand might have resulted in decreased straw output in the
unweeded control. In WSR, Reddy (2020) reported 39.14 per cent reduction in straw
yield in the unweeded control.

Herbicide combinations produced higher grain yields than single herbicide
applications, increasing grain yield by 16-28 per cent compared to sole application of
BS and 56-59 per cent compared to unweeded control (Fig. 31). Higher yield
attributes and yield in herbicide combinations compared to sole application during
both years due to enhanced control of complex weed flora, could be leading to lower
crop-weed competition. Rice plants in vigorous stands have an edge over weeds,
which leads to greater growth, allometry, yield components, and, ultimately,

increased yield.
5.3.2.3 Effect of weed management practices on nutrient uptake of crop

Nutrient uptake of the crop is a function of grain yield, straw yield and its
nutrient content. The N, P and K uptake of both grains and straw was the highest in
HW twice at 20 and 45 DAS. The decreased crop-weed competition at all stages of
plant growth provided a favourable growing condition for the crop in the hand weeded
plot and might have resulted in higher uptake of nutrients. Among the herbicidal
treatments, BS @ 0.025 kg ha* + FPE @ 0.06 kg ha?, PS + CB (6% OD) @ 0.15
kg haland BS @ 0.025 kg ha* + CB @ 0.08 kg ha recorded higher WCE and the
highest nutrient uptake of the crop. This was due to better crop growth parameters

resulting from the least weed count and weed DMP.



Higher grain and straw yields realized in these treatments were due to broad
spectrum weed control, which resulted in higher WCE and less nutrient depletion by
weeds, and therefore, greater nutrient uptake of the crop. This consequently increased
the supply of carbohydrates to the plant organs, which might have resulted in higher
DMP. Nanjappa and Krishnamurthy (1980) testified an inverse relationship between

nutrient uptake of rice crops and nutrient depletion by weeds.

Crop nutrient uptake was the lowest in unweeded control, which documented
42.39, 3.99 and 38.05 kg N, P, and K per hectare, respectively (Fig. 32). Rigorous
weed infestation might have curtailed the nutrient recovery by crops in unweeded
control. The results are in close proximity with the findings of Sanjay et al. (2006),
Menon (2012) and Reddy (2020).

5.3.2.4 Economics of cultivation

In the present study, the highest net returns (2 63, 657 ha') and B:C ratio
(1.81) were obtained in BS @ 0.025 kg ha! + FPE @ 0.06 kg ha (Fig. 33). The
higher economic benefit may be due to the low cultivation costs, which were offset
by lower herbicide costs and higher grain and straw yields. Even though, FPE
registered better control of L. chinensis in WSR, this herbicide alone could not deliver
proficient weed management under field conditions because of the presence of
complex weed flora and hence resulted in a lower B:C ratio. Even though, HW
resulted in high gross returns, it was less remunerative compared to herbicide
combinations due to the high cost involved in manual weeding. When compared to
herbicidal management, manual weeding was less profitable and practicing manual
weeding all over the season is a losing concern (Mahajan et al., 2009; Sunil et al.,
2011; Reddy, 2020). Thus, for management of L. chinensis dominated rice fields
under wet seeding, a tank mix combination of BS + FPE @ 0.025 + 0.06 kg ha™

proved to be a feasible option as the returns obtained per rupee spent was 1.81.
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5.4 SENSITIVITY OF WEED TO HERBICIDE COMBINATIONS USING
WHOLE PLANT BIOASSAY TECHNIQUE

Use of herbicide combinations is one of the recent strategies adopted in broad
spectrum weed control for combating weed flora shifts and preventing or delaying
development of herbicide resistance weeds. It would be more plausible if herbicide
combinations could lower the dose or rate of the individual herbicides without
compromising the broad spectrum weed control efficiency, thus reducing the
herbicidal load. Herbicide combinations will help to avoid the resistance problem and
weed population shifts that are always a concern with constant use of single
herbicides (Duary et al., 2015). As part of the programme, the efficacy of herbicide
combinations at lower doses was studied against L. chinensis, and the results are
discussed below.

Application of BS + FPE, i.e., @ 0.020 + 0.04 kg ha™* recorded the lowest
survival (0%) of L. chinensis and verified a score of five at both four and seven days
after spraying (DASP) with complete destruction of L. chinensis. This indicated that
the herbicide combination is effective at its still lower dose. When ACCase inhibitor
herbicides are used in conjunction with ALS inhibitors at far lower than labelled rates,
the combined action outperforms the individual components (Mahajan and Chauhan,
2015).

Lower doses of BS + CB and CB + CE were also effective in managing
L. chinensis and the phytotoxicity scoring ranged from three to four at four and seven
DASP, respectively, indicating good to complete control. PS + CB @ 0.10 kg ha'
resulted in 86.66 per cent survival of L. chinensis, indicating its incompetence in
managing L. chinensis at lower doses. The study indicated the possibility of reducing
the doses of individual herbicides when used as components of herbicide
combinations, thus reducing the herbicidal load, which need to be evaluated for field
performance. The combination of ALS inhibitor herbicide (BS) with ACCase
inhibitor (FPE) performed better in managing L. chinensis even at their lower dose
(0.020 + 0.04 kg ha®).



5.5 ASSESSMENT OF MODE OF ACTION OF TANK MIX HERBICIDE
COMBINATIONS

Testing the comparative efficiency of herbicide tank mix applications is
critical for standardizing the effective dose for herbicide combinations. Though
information on the mode of action of individual herbicides is available, the mode of
action of herbicide combinations for effective weed management is not yet explored.
In the experiment, an attempt was made to study the mode of action of the tank mix
herbicide combination on L. chinensis by conducting fatty acid and amino acid
assays. This information would help in identifying the pathway that gets inhibited

when the herbicides are applied in combination.

The fatty acid content in L. chinensis was the lowest in plants treated with
FPE @ 0.06 kg ha! (127.36 mg dL). FPE is an Acetyl Coenzyme-A Carboxylase
(ACCase) inhibiting herbicide, which inhibits the fatty acid synthesis in grasses. The
lowest fatty acid content was recorded in plants treated with FPE @ 0.06 kg ha®
endorsing its efficiency in managing L. chinensis. Higher weed control efficiency of
FPE on L. chinensis could be validated based on the above result. However, its
combination with BS @ 0.025 kg ha™ recorded increase in fatty acid content,
substantiating the lower efficiency of the combination in managing L. chinensis

compared to its sole application.

Despite the fact that BS is a broad spectrum herbicide capable of inhibiting
amino acid synthesis, the highest amino acid content in L. chinensis treated with this
herbicide proved its inefficiency in managing L. chinensis. However, the amino acid
content was lower in L. chinensis treated with BS @ 0.025 kg ha! + FPE @ 0.06
kg ha' signifying the need for combining FPE for superior weed control.

It could be deducted that the effect of combining an ALS inhibitor (BS) with
an ACCase inhibitor (FPE) manifested on L. chinensis, as lowered amino acid
content, leading to superior weed control efficiency with this combination. The study
confirmed that the ALS and ACCase inhibitor could provide better control of

L. chinensis compared to the application of an ALS inhibitor alone.



5.6 ASSESSMENT OF DIFFERENTIAL RESPONSE OF GRASS WEEDS TO
BISPYRIBAC SODIUM

Weeds in crop fields come in a wide range of types and categories, with some
belonging to the same family while others are distinct. Information on the response
of weeds to various herbicides is essential to develop effective management
techniques as components of integrated weed management systems. Bispyribac
sodium, chemically, sodium 2, 6-bis [(4, 6-dimethoxy-2-pyrimidinyl) oxy] benzoate,
is a popular rice herbicide recommended against a wide range of weeds, including
grasses, BLWs and sedges. However, previous studies revealed that BS is ineffective
against L. chinensis, which is a major grass weed in WSR, thus preventing broad
spectrum weed control. As BS is effective for other grass weeds, including E. colona,
but not for L. chinensis, despite the fact that they both belong to Poaceae family, the
possibility of differential response is valid. The programme aimed to assess the

differential response of grass weeds to BS and the results are discussed below.

Varying concentrations of BS were applied to L. chinensis and E. colona, and
the differential response was evaluated using amino acid content estimation and
protein profiling by SDS PAGE. ALS is one of the main targets of herbicides, and
BS isan ALS (also referred to as acetohydroxyacid synthase) inhibiting herbicide that
prevents the biosynthesis of branched-chain amino acids (isoleucine, leucine, and
valine). As a result, the amino acid content in the plants got reduced with the

application of BS.

As evident from the on par values, the amino acid content of L. chinensis was
not affected by the increasing concentration of BS. The amino acid content was higher
in the L. chinensis plants treated with BS compared to control without herbicide spray.
This pointed out the non-inhibitory effect of BS on L. chinensis, irrespective of the
herbicide concentration. On the other hand, the increase in concentration of BS
influenced the amino acid content of E. colona. As the concentration of BS increased,

the amino acid content was found to decrease in E. colona.



The amino acid content in E. colona decreased by 32.38, 57.82 and 82.60
per cent, respectively at 50, 100 and 200 per cent FRD of BS compared to control.
However, in L. chinensis, amino acid content increased by 39.38, 28.20 and 35.52
per cent at 50, 100 and 200 per cent FRD (Fig. 34). The study implied that BS was
ineffective in inhibiting amino acid synthesis in L. chinensis, as evident from the

higher amino acid content compared to E. colona.

Among the varying concentrations of BS, 100 per cent FRD resulted in lower
protein content, molecular weight of total proteins and number of proteins expressed
in L. chinensis compared to its higher and lower concentrations. There was also a
reduction in protein content, molecular weight of total proteins and number of
proteins expressed in L. chinensis at 100 per cent FRD of BS compared to control,
which was not observed at 50 and 200 per cent FRD. This suggested that increasing

the concentration of BS did not have much effect on L. chinensis.

The parameters analysed to assess the differential response of grass weeds to
BS registered a higher value in L. chinensis unlike E. colona regardless of the
concentration. The differential response of the grass weeds, Echinochloa crus-galli
and E. colona to BS was earlier reported by Riar et al. (2012) and Khedr et al. (2018).
The poor performance of BS could be attributed to its lowered efficiency in inhibiting
the biochemical process related to amino acid and protein synthesis in L. chinensis.
The study confirmed the differential expression of amino acids and proteins in
L. chinensis and E. colona, even though they belong to the same group “chloa”

meaning grass and the same family Poaceae.
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Fig. 34. Effect of bispyribac sodium on number of proteins expressed and molecular
weight of total proteins in Leptochloa chinensis and Echinochloa colona
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6. SUMMARY

An investigation entitled ‘Germination ecology and management of Chinese
sprangletop [Leptochloa chinensis (L.) Nees.] in wet seeded rice’ was undertaken at
College of Agriculture, Vellayani during 2017-2020. The main objectives were to
study the habitat features and distribution of L. chinensis in major rice tracts of
Kerala; to study the germination ecology of L. chinensis under varying conditions; to
study the bio-efficacy and mode of action of tank mix combinations of novel
herbicides for the management of L. chinensis; to study the sensitivity of L. chinensis

to herbicide combinations. The work is summarized as six experiments.

The phytosociological survey was conducted to document the habitat,
composition and distribution of L. chinensis in different rice tracts of Kerala viz.,
Palakkad, Kole and Kuttanad after selecting three severely infested padasekharams
in each tract during 2018 and 2019. The germination ecology was studied with respect
to biology of L. chinensis, identification of phenological phases, duration of growth
stages including morphological, biometrical and floral characteristics, method of
propagation, vegetative and reproductive characteristics, effect of depth of burial and
field conditions on emergence percentage, seed longevity and incidence of pest and
diseases.

In order to develop an effective and economic management strategy with
special reference to L. chinensis in wet seeded rice (WSR), studies were conducted at
Integrated Farming System Research Station, Karamana. The treatments were
T1: cyhalofop butyl @ 0.08 kg ha*, T2: penoxsulam + cyhalofop butyl (6% OD) @
0.15 kg hal, Ts: cyhalofop butyl @ 0.08 kg ha + carfentrazone ethyl @ 0.02 kg
hat, T4: bispyribac sodium @ 0.025 kg ha, Ts: bispyribac sodium @ 0.025 kg ha*
+ cyhalofop butyl @ 0.08 kg ha?, Te: bispyribac sodium @ 0.025 kg ha?t +
fenoxaprop-p-ethyl @ 0.06 kg ha*, T7: fenoxaprop-p-ethyl @ 0.06 kg ha, Ts: stale
seedbed followed by (fb) glyphosate @ 0.8 kg ha® + oxyfluorfen @ 0.15 kg ha™ at
15-20 days after land preparation fo cyhalofop butyl @ 0.08 kg ha* + carfentrazone
ethyl @ 0.02 kg hat, Te: unweeded control and T1o: hand weeding twice at 20 and 45
days after sowing (DAS).



The sensitivity of L. chinensis to herbicide combinations was tested at the
field recommended dose (FRD) and its lower doses using whole plant bioassay
technique after identifying best combinations from the management studies. The
treatments included Ta: bispyribac sodium @ 0.025 kg ha™* + fenoxaprop-p-ethyl @
0.06 kg hal, T,: bispyribac sodium @ 0.020 kg ha* + fenoxaprop-p-ethyl @ 0.04 kg
ha, Ts: bispyribac sodium @ 0.025 kg ha + cyhalofop butyl @ 0.08 kg ha®,
Ta: bispyribac sodium @ 0.020 kg ha' + cyhalofop butyl @ 0.06 kg ha?,
Ts: penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha?, Te: penoxsulam +
cyhalofop butyl (6% OD) @ 0.10 kg ha*, T7: cyhalofop butyl @ 0.08 kg ha™ +
carfentrazone ethyl @ 0.02 kg ha' and Ts: cyhalofop butyl @ 0.06 kg ha? +
carfentrazone ethyl @ 0.01 kg ha'.

The mode of action of the tank mix herbicide combination was assessed by
conducting amino acid and fatty acid assay and the treatments were T1: ALS inhibitor
alone (bispyribac sodium @ 0.025 kg ha*), T»: ACCase inhibitor alone (fenoxaprop-
p-ethyl @ 0.06 kg hal), Ts: ALS + ACCase inhibitor (bispyribac sodium @ 0.025
kg ha! + fenoxaprop-p-ethyl @ 0.06 kg ha) and T4: Control.

To assess the differential response of grass weeds to bispyribac sodium,
L. chinensis and Echinochloa colona were treated with 50, 100 and 200 per cent FRD
of bispyribac sodium when they reached 4-5 leaf stage. The samples were subjected
to amino acid estimation three days after treatment application and protein profiling
using SDS PAGE. The salient findings of the above experiments are summarized in

this chapter.
EXPERIMENT I - PHYTOSOCIOLOGICAL SURVEY

e Leptochloa chinensis was found to occur in all the major rice growing tracts of
Kerala irrespective of the soil chemical properties and its population was observed
to inhabit both upland and lowland situations, either in cropped fields, bunds or

along waterways.



e A total of 13 weeds were observed during the survey in Kuttanad region and of
these, Echinochloa stagnina, Sacciolepis interrupta and L. chinensis registered
higher density, frequency and abundance.

e Annual grass weeds dominated the weed spectrum in the Kole lands and
L. chinensis was the second most abundant (17.33) weed with SDR of 12.40.

e Leptochloa chinensis was the second most dominant weed (SDR - 17.49) in the
Palakkad tract during Kharif and was observed both in semi dry systems and in
puddled wet sown/transplanted systems.

e Appraisal of weed vegetation analysis indices in different rice tracts of Kerala
disclosed the highest weed species richness (17), Simpson diversity (0.90) and
Shannon Wiener diversity (2.50) in the Kole tract and the lowest in the Palakkad
tract.

e The plant height, number of tillers and panicles per plant of L. chinensis varied
from 84.0 to 152.0 cm, 6 to 14 and 3 to 12, respectively, with the highest mean
value of 137.9 cm, 10.4 tillers and 9.3 panicles per plant being recorded at
Mambuzhakari padasekharam of the Kuttanad tract.

e Leptochloa chinensis is a prolific seed producer and its seed production potential
varied from 7400-33,941 seeds per plant.

e The average N, P and K content in L. chinensis varied from 1.03 to 1.64, 0.029 to
0.081 and 1.32 to 3 per cent, respectively.

EXPERIMENT Il - GERMINATION ECOLOGY

e The weed was noticed to develop through five phenological stages, viz.,
emergence, tillering, heading, flowering and maturity, with an average duration of
10.6, 41.5, 73.5, 78.5 and 95 days, respectively.

e The emergence of L. chinensis was noticed on the third day and continued upto
the 18" DAS.

¢ In pot experiments, Kuttanad ecotypes produced the maximum number of tillers
and panicles with a mean of 8.33 tillers, 7.53 panicles and 11582.02 seeds per
plant.



e The study identified seeds as the major method of propagation in L. chinensis and
was noticed to propagate vegetatively by means of slips and rooted clumps.

e In laboratory studies, light was found to be not an absolute requirement for
germination in L. chinensis seeds, but did stimulate germination by 23 per cent.

e The highest germination occurred at 25/15°C (87.2%) in comparison with 70.31
per cent germination at 35/25°C.

e Seeds under dark conditions also germinated and recorded maximum germination
of 65 per cent at both 35/25°C and 25/15°C.

e Germination of L. chinensis was not significantly affected by increasing salt
concentrations and 85 per cent germination was recorded at all the levels of salinity
from 0 to 25 mM.

e Continuous flooding for a period of 30 days and maintaining a thin layer of water
(3 cm) was found to curtail the emergence of L. chinensis.

e Seedling emergence of L. chinensis was significantly affected by seed burial depth
and seedling emergence declined with increasing burial depths.

e Seedling emergence was observed to be the greatest (85%) for seeds placed on the
soil surface and no emergence was observed at burial depths of 2 cm or beyond.

e Slips placed at the surface recorded 100 per cent sprouting and the time taken for
50 per cent emergence increased with increase in burial depth.

e The seeds of L. chinensis germinated upto nine months after harvest, with the

germination declining over time.

EXPERIMENT 11 - MANAGEMENT OF Leptochloa chinensis IN WET SEEDED
RICE

o Fifteen species of weeds were observed in the experimental field during both the
years comprised of L. chinensis, E. colona, and Isachne miliacea, Sphenoclea
zeylanica, Bergia capensis, Monochoria vaginalis, Limnocharis flava, Ludwigia
perennis, Alternanthera philoxeroides, Lindernia sp., Cyperus iria, Cyperus
difformis, Fimbristylis miliacea and Marsilea quadrifolia.

e Grass weeds were the most dominant weed species followed by broad leaf weeds

and sedges during both the years.



Among the grass weeds, L. chinensis was the predominant one, recorded the
highest count and occupied more than 40 per cent of the grass weed population
before treatment application during both the years.

Leptochloa chinensis occupied 56.47, 67.0 and 81.08 and 64.83, 61.37 and 56.41
per cent of the total grass weed population in unweeded control, respectively at
15, 30 and 45 DATA during 2018 and 2019.

At 15 DATA, L. chinensis count was zero in bispyribac sodium @ 0.025 kg ha* +
fenoxaprop-p-ethyl @ 0.06 kg ha (Te), fenoxaprop-p-ethyl @ 0.06 kg ha (T7),
stale seedbed (SSB) fb chemical weeding (Ts) and hand weeding (HW) twice at
20 and 45 DAS (T10) during both the years.

Among the herbicidal treatments, T7 recorded the lowest count of L. chinensis at
all stages during both the years, and during 2019, Tesand T10 were found to be on
par with T7 both at 30 and 45 DATA.

At 15 DATA, Tg resulted in zero count of grass weeds, BLWSs and sedges during
both the years.

Tank mix combination of bispyribac sodium @ 0.025 kg ha™* + fenoxaprop-p-ethyl
@ 0.06 kg ha (Te) also resulted in zero count of grass weeds and sedges at 15
DATA during both the years and registered lower count of BLWs (1.33 and 2.66
m2, respectively during 2018 and 2019).

At 15 DATA, Tg recorded the lowest weed dry matter production (DMP) of zero
kg ha! during both the years. This was followed by T1o, Ts, T2 and Ts, recorded
16.40, 18.80, 23.93 and 29.66 kg ha?, respectively during 2018. However, during
2019, T1o, Te, T2 and Ts were found to be on par with Tg and recorded a DMP of
5.50, 4.67, 7.10 and 7.70 kg ha', respectively.

At 30 and 45 DATA, T1o recorded the lowest DMP of 28.61 and 26.60 kg ha and
117.54 and 118.66 kg ha', respectively during 2018 and 2019 and was statistically
on par to Te with 29.70 and 39.43 kg ha®, respectively at 30 DATA.

At 45 DATA, T1o was followed by Ts, Ts and T2 with DMP of 222.45, 283.96 and
287.20 kg ha?, respectively during 2018. However, during 2019, Te and Ts with
127 and 224 kg ha'l, respectively were on par with To.



At 15 DATA, Ts, T7, Tg and T1o were free of L. chinensis and recorded zero DMP
during both the years.

At 30 and 45 DATA, T+ registered the lowest DMP of L. chinensis (8.90 and 4.41
kg hatand 23.91 and 30.15 kg hal, respectively during 2018 and 2019) among the
herbicidal treatments and was statistically comparable with T1o, Teand Tg at both
30 and 45 DATA.

At 15 DATA, Tg recorded 100 per cent weed control efficiency (WCE) and was
on par with T1o and Te, with 96.80 and 96.55 per cent, respectively.

The highest WCE of 98.56 and 92.84 per cent, respectively was registered by T1o,
and was statistically comparable with Tes and Ts during both 30 and 45 DATA with
98.20 and 95.40 per cent and 89.70 and 84.81 per cent efficiency, respectively.
Among the herbicidal treatments, T1 recorded the lowest WCE at all stages with
79.05, 67.92 and 18.92 per cent control, respectively at 15, 30 and 45 DATA.

At 15 DATA, Ts, T7, Tg and T1o recorded 100 per cent control efficiency (CE) of
L. chinensis.

At 30 and 45 DATA, the highest CE was obtained in T7 with 97.55 and 96.78
per cent, respectively and all other treatments except T4 was statistically on par to
each other at 15 and 30 DATA.

The lowest CE of 52.63, 38.68 and 42.43 per cent, respectively was recorded in T4
at 15, 30 and 45 DATA.

In WSR, weeds removed 27.72, 4.61 and 67.95 kg of N, P and K per hectare and
L. chinensis removed 18.76, 1.46 and 34.81 kg N, P and K per hectare under
unweeded conditions at 45 DATA.

The highest grain and straw yield of 5.20 and 6.82 t ha', respectively was recorded
in T1o.

Herbicide combination treatments Te, T> and Tswere on par to T1o with regard to
grain yield and recorded 5.03, 4.79 and 4.76 t ha%, respectively.

Unweeded control (Tg) recorded the lowest pooled grain yield of 2.07 t ha and Ts
registered the lowest pooled grain yield of 3.95 t hal among the herbicide

combination treatments.



e Among the herbicidal treatments, the lowest pooled straw yield was obtained in
T1(4.06 t hal), which was statistically on par with Te and T7 with 3.66 and 4.41
t hal, respectively.

e Uncontrolled weed competition in Tg resulted in 59.95 per cent reduction in grain
yield.

e The least reduction in grain yield (3.09%) was registered in Teand was statistically
comparable to T2, Tsand Ts with weed index of 7.83, 8.60 and 15.77.

e Among the herbicidal treatments, Ts, T2and Tsrecorded higher nutrient uptake of
the crop.

e Tank mix application of BS @ 0.025 kg ha™* + FPE @ 0.06 kg ha™* (Te) registered
maximum net returns per hectare (% 63,657 ha't) and B:C ratio (1.81) followed by
ready mix formulation of PS + CB (6% OD) @ 0.15 kg ha* (T2) (Z 56,995 ha
and 1.73).

EXPERIMENT IV - SENSITIVITY OF WEED TO HERBICIDE
COMBINATIONS USING WHOLE PLANT BIOASSAY TECHNIQUE

e All the tested herbicide combinations at its FRD recorded the least survival (0%)
of L. chinensis.

e The lower dose of BS + FPE @ 0.020 + 0.04 kg ha* (T2) recorded the least survival
(0%) of L. chinensis whereas, BS + CB @ 0.020 + 0.06 kg ha (T4), CB + CE @
0.06 + 0.01 kg hal (Ts)and PS + CB @ 0.10 kg ha* (Te) registered 26.66, 30.0 and
86.66 per cent survival, respectively.

e Bispyribac sodium @ 0.020 kg ha + fenoxaprop-p-ethyl @ 0.04 kg ha (T2)
recorded a score of five and completely killed the plants by 4™ day after spraying.

EXPERIMENT V — ASSESSMENT OF MODE OF ACTION OF TANK MIX
HERBICIDE COMBINATIONS

e The highest amino acid content in L. chinensis (0.2904 mg mL™) was registered
with application of BS @ 0.025 kg ha alone. However, the amino acid content
was lower in L. chinensis treated with BS @ 0.025 kg ha* + FPE @ 0.06 kg ha!
(0.1775 mg mL™1).



e The fatty acid content in L. chinensis was the lowest in plants treated with FPE @

0.06 kg ha* (127.36 mg dL™).

EXPERIMENT VI -ASSESSMENT OF DIFFERENTIAL RESPONSE OF GRASS
WEEDS TO BISPYRIBAC SODIUM

e The amino acid content of L. chinensis was not influenced by the increasing
concentration of bispyribac sodium and a higher content of amino acid was
observed in L. chinensis compared to E. colona, irrespective of the concentration
of bispyribac sodium.

e In E. colona, the amino acid content was found to decrease with increasing
concentration of bispyribac sodium.

e At 100 per cent FRD, the amino acid content was 0.1520 and 0.2904 mg mL* and
at 200 per cent FRD, it was 0.0627 and 0.3234 mg mL respectively in E. colona
and L. chinensis.

e Statistically significant reduction was not observed in the protein content, number
of proteins expressed and the molecular weight of proteins in L. chinensis with the
application of bispyribac sodium from lower to higher concentration.

FUTURE LINE OF WORK

o Field validation of effective herbicide combinations at its lower dose

¢ Investigating the allelopathic potential of L. chinensis

o Assessment of response of L. chinensis to salinity levels under field conditions
e Bio-utilization of L. chinensis for its fodder value and the prospects of

composting, considering its higher potassium content.
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APPENDIX |

Weakly weather data during the experimental period

(January to April, 2019)

Temperature Relative
Standard (©°c) humidity (%) Rainfall
weeks (mm)
Max Min Max Min

2 31.57 22.14 92.0 68.6 0.0
3 32.20 20.85 91.6 68.1 0.0
4 32.04 21.22 92.1 67.3 0.0
5 32.45 22.14 92.6 64.6 0.3
6 32.88 24.31 88.9 67.7 0.1
7 33.28 24.10 86.7 64.3 0.0
8 35.30 23.44 87.4 61.3 0.0
9 34.41 24.18 85.0 62.3 0.0
10 34.62 24.80 85.4 60.0 0.0
11 34.38 24.40 85.3 61.3 0.0
12 34.22 24.82 84.9 61.3 0.0
13 34.84 25.40 85.7 61.9 0.0
14 35.18 26.00 83.7 61.6 0.0
15 34.97 25.92 78.6 61.9 0.0
16 34.92 25.62 82.8 67.3 1.6




Weakly weather data during the experimental period

APPENDIX 11

(May to November, 2018)

Temperature Relative humidity _
Standard 0 % Rainfall
weeks (€) - () - (mm)
Max Min Max Min
20 32.17 24.82 89.3 75.0 15.6
21 32.20 24.82 91.0 81.6 9.15
22 31.54 25.11 93.0 80.9 14.0
23 30.60 24.68 96.4 85.6 18.08
24 31.17 25.05 92.0 80.6 9.07
25 31.00 24.57 92.4 83.7 8.14
26 31.45 24.40 89.7 80.7 3.60
27 31.55 24.68 86.6 75.4 1.45
28 29.62 23.00 93.9 85.4 9.90
29 30.41 23.54 91.1 79.1 8.04
30 31.35 23.57 89.3 73.3 2.18
31 29.48 23.91 90.4 80.9 19.45
32 30.28 23.32 91.0 85.1 15.32
33 29.08 22.57 94.9 89.9 29.31
34 30.95 24.00 89.4 76.6 0.46
35 31.97 24.45 89.1 71.9 0.00
36 32.17 24.05 87.1 72.0 0.00
37 33.00 24.07 85.1 70.9 0.00
38 32.00 24.22 88.4 72.0 1.32
39 32.54 24.60 90.1 81.4 8.24
40 31.45 24.72 92.0 85.4 6.90
41 30.67 24.28 93.1 80.1 19.22
42 32.02 24.45 91.4 77.3 12.94
43 31.40 24.24 93.7 76.4 1.61
44 31.80 24.30 93.4 77.1 10.20
45 31.10 24.30 93.6 78.7 8.50




APPENDIX 111

Weakly weather data during the experimental period
(June 11" to October 30™, 2018)

Temperature Relative humidity

Standard (°c) (%) Rainfall
weeks Max Min Max Min (mm)
24 30.35 24.5 85.92 0.00 47.0
25 30.21 24.28 85.14 0.00 69.0
26 30.78 24.00 82.64 73.57 31.2
27 30.78 24.28 92.00 71.28 7.2
28 29.57 20.07 90.14 73.00 83.5
29 30.42 23.78 88.85 74.28 44.7
30 30.71 24.50 85.42 67.42 7.8
31 30.00 24.21 87.57 82.00 124.2
32 29.64 20.64 90.14 79.00 117.4
33 28.28 22.85 93.85 84.42 188.8
34 31.00 24.42 85.57 72.57 0.0
35 30.85 24.28 84.00 72.71 0.0
36 31.28 23.92 81.28 69.14 0.0
37 31.92 24.35 80.42 66.00 0.0
38 31.57 24.50 85.28 73.71 8.3
39 32.21 24.57 82.28 73.71 91.6
40 30.21 25.00 91.71 85.57 75.4
41 30.57 24.64 90.00 75.28 25.2
42 31.28 23.85 88.57 71.57 82.0
43 31.07 24.28 91.28 75.57 20.6
44 31.28 24.28 86.85 75.28 78.4




Weakly weather data during the experimental period
(June 4™ to October 15, 2019)

APPENDIX IV

Temperature Relative humidity
Standard (©c) (%) Rainfall
weeks _ ] (mm)
Max Min Max Min

23 31.29 24.57 87.43 82.86 136.0
24 30.87 24.55 97.28 90.88 72.0
25 30.65 25.07 99.05 90.45 29.0
26 30.74 26.23 95.92 88.97 0.0

27 30.78 25.72 99.99 89.49 21.0
28 30.45 24.42 97.96 93.05 19.0
29 29.33 23.35 99.89 85.73 82.0
30 29.99 23.99 98.86 91.15 9.0

31 30.46 25.37 99.99 91.84 6.0

32 29.56 23.42 98.92 91.01 180.0
33 30.08 24.12 99.90 92.42 18.0
34 30.06 23.83 97.99 85.90 35.0
35 30.25 23.88 99.99 88.34 78.0
36 30.62 24.56 99.66 89.87 70.0
37 30.73 24.68 99.99 88.49 16.0
38 30.72 24.59 99.91 88.13 52.0
39 30.85 24.27 97.43 90.28 129.0
40 31.07 23.71 87.14 78.85 15.0
41 31.21 23.57 91.00 75.14 56.0
42 30.21 23.71 92.00 84.00 64.0
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ABSTRACT

An investigation entitled ‘Germination ecology and management of Chinese
sprangletop [Leptochloa chinensis (L.) Nees.] in wet seeded rice’ was undertaken at
the College of Agriculture, Vellayani during 2017-2020. The objectives were to study
the habitat, germination ecology and distribution of Leptochloa chinensis in major
rice growing tracts of Kerala; to test the efficacy of tank mix combinations of
herbicides for the management of the weed; to test the sensitivity of the weed to
herbicide combinations and to assess the mode of action of the herbicide

combinations.

The phytosociological survey was conducted to document the habitat,
composition and distribution of L. chinensis in different rice tracts of Kerala viz.,
Palakkad, Kole and Kuttanad after selecting three severely infested padasekharams
in each tract during 2018 and 2019. L. chinensis was found to occur in all the major
rice growing tracts of Kerala and registered summed dominance ratio of 13.05, 12.40
and 17.49, respectively in Kuttanad, Kole and Palakkad (Kharif). Appraisal of weed
vegetation analysis indices displayed the highest weed species richness (17) and
Simpson’s diversity index in Kole and the lowest Shannon Wiener diversity index
(2.09) in Palakkad. L. chinensis was the dominant weed in all these tracts with an
abundance of 17.33, 17.0 and 16.36, respectively and the weed inhabited both upland
and lowland situations, either in crop lands, field bunds, stream banks or waterways.
Profuse growth of the weed was observed along the inner bunds separating individual
fields. The weed was a prolific seed producer with seed production potential ranging

from 7400-33,941 seeds per plant across the surveyed locations.

Germination ecology experiments encompassed studies on weed phenology
and germination of Chinese sprangletop. L. chinensis is an erect or creeping, annual
or perennial grass that can grow upto a height of 120-150 cm, propagates both by
seed and slips with very minute seeds (thousand seed weight of 0.10-0.18 g). The
weed was noticed to develop through five phenological stages, viz., emergence,
tillering, heading, flowering and maturity with an average duration of 10.6, 41.5, 73.5,

78.5 and 95 days, respectively.



Investigations on germination ecology revealed that light was not an absolute
requirement for germination of seeds of L. chinensis, but stimulated germination by
23 per cent. When exposed to alternating temperatures in light/dark, seeds germinated
at 15°C to 35°C. The highest germination occurred at 25/15°C (87.2%), while at
35/25°C it was only 70.31 per cent. Germination of L. chinensis was significantly
influenced by moisture regime; with zero germination under continuous flooding or
with thin layer of water (3 cm) and 70 per cent germination on irrigating at alternate
days. Seedling emergence was also significantly affected by seed burial depth.
Seedling emergence was high (85%) for seeds placed on the soil surface, while no
emergence was observed at burial depths of 2 cm or beyond. Slips placed at the
surface recorded 100 per cent sprouting and the time taken for 50 per cent emergence
increased with increase in burial depth. The seeds germinated upto nine months after

harvest with the germination declining over time.

The field experiments on management of L. chinensis were conducted during
2018 and 2019 Kharif at Integrated Farming System Research Station, Karamana.
The experiment was laid out in randomized block design with 10 treatments and three
replications. The treatments included Ti: cyhalofop butyl @ 0.08 kg ha®,
T2: penoxsulam + cyhalofop butyl (6% OD) @ 0.15 kg ha, Ts: cyhalofop butyl +
carfentrazone ethyl @ 0.08 + 0.02 kg ha, T4: bispyribac sodium @ 0.025 kg ha,
Ts: bispyribac sodium + cyhalofop butyl @ 0.025 + 0.08 kg ha, Te: bispyribac
sodium + fenoxaprop-p-ethyl @ 0.025 + 0.06 kg ha't, T7: fenoxaprop-p-ethyl @ 0.06
kg hal, Ts: stale seedbed followed by (fb) glyphosate + oxyfluorfen @ 0.8 + 0.15 kg
ha! at 15-20 days after land preparation fb cyhalofop butyl + carfentrazone ethyl @
0.08 + 0.02 kg ha!, To: unweeded control and T1o: hand weeding twice at 20 and 45
days after sowing (DAS).

The weed management practices had significant influence on L. chinensis
count, dry matter production, control efficiency and nutrient removal at different
stages of observation. Count of L. chinensis was zero in Tg, T7, Tg and T1o at 15 days
after treatment application (DATA) during both the years. The lowest count and dry
matter production and the highest pooled control efficiency of L. chinensis (97.55 and

96.78 per cent, respectively at 30 and 45 DATA) was registered in T.



It was statistically on par with all other treatments except T4 and To.
Bispyribac sodium was not effective in controlling L. chinensis and resulted in lower
control efficiency of 52.63, 38.68 and 42.43 per cent, respectively at 15, 30 and 45
DATA. However, its combination with fenoxaprop-p-ethyl (Ts) or cyhalofop butyl
(Ts) resulted in higher control efficiency of L. chinensis at all stages of observation
and recorded 100, 96.06 and 95.96 and 97.23, 92.37 and 94.55 per cent, respectively
at 15, 30 and 45 DATA.

Among the herbicide treatments, Te registered the least total weed dry matter
production at all stages and resulted in the highest pooled weed control efficiency of
98.20 and 89.70 per cent which was on par with T> (96.61 and 83.86%) and Ts (95.40
and 84.81%) respectively at 30 and 45 DATA. The highest pooled grain yield
(5.03 t hal) also was registered in Te which was on par with T and Ts with 4.79 and
4.76 t hal. Pooled data revealed that season long weed competition in wet seeded rice
(WSR) with L. chinensis as a major weed caused a yield reduction of 59.95 per cent.
Compared to the unweeded control, herbicidal treatments enhanced grain yield by
23.89-58.84 per cent, whereas herbicide combinations increased grain yield by 56-59
per cent in WSR. Pooled mean of the economics of cultivation registered maximum
net returns per hectare (Z 63,657 hal) and B:C ratio (1.81) in T followed by T-
(256,995 ha! and 1.73) and Ts (% 56,044 hat and 1.72).

The sensitivity of L. chinensis to herbicide combinations was tested at the
field recommended dose and its lower doses using whole plant bioassay technique
after identifying best combinations viz., bispyribac sodium + fenoxaprop-p-ethyl @
0.025 + 0.06 kg hal, bispyribac sodium + cyhalofop butyl @ 0.025 + 0.08 kg ha™,
penoxsulam + cyhalofop butyl @ 0.15 kg ha™* and cyhalofop butyl + carfentrazone
ethyl @ 0.08 + 0.02 kg ha™. The experiment was laid out in completely randomized
design (CRD) with eight treatments and three replications. Lower dose of bispyribac
sodium + fenoxaprop-p-ethyl @ 0.020 + 0.04 kg ha* recorded the least survival (0%)
of L. chinensis whereas, bispyribac sodium + cyhalofop butyl @ 0.020 + 0.06
kg hal, cyhalofop butyl + carfentrazone ethyl @ 0.06 + 0.01 kg ha* and penoxsulam
+ cyhalofop butyl @ 0.10 kg ha* registered 26.66, 30.0 and 86.66 per cent survival,

respectively.



The experiment on mode of action of tank mix herbicide combination was laid
out in CRD with four treatments and five replications. The treatments included
T1: ALS inhibitor alone (bispyribac sodium @ 0.025 kg ha), T2: ACCase inhibitor
alone (fenoxaprop-p-ethyl @ 0.06 kg hat), Ts: ALS + ACCase inhibitor (bispyribac
sodium @ 0.025 kg ha + fenoxaprop-p-ethyl @ 0.06 kg ha') and Ta: Control.
Treatment T3 recorded lower amino acid content (0.1775 mg mL™) than T, (0.2904
mg mL™) confirming that the combined application of an ALS + ACCase inhibitor
could provide better control of L. chinensis compared to sole application of ALS

inhibitor.

The experiment on assessing the differential response of L. chinensis and
Echinochloa colona to the broad-spectrum herbicide bispyribac sodium, revealed that
amino acid content of L. chinensis was not influenced by the increasing concentration
of bispyribac sodium. High content of amino acid was registered in L. chinensis
(0.2904 and 0.3234 mg mL1) compared to E. colona irrespective of the concentration
of bispyribac sodium. However, in E. colona, the amino acid content (0.1520 and
0.0627 mg mL™) was found to decrease with increasing concentration of bispyribac

sodium.

The present study identified L. chinensis as a major weed in all the major rice
growing tracts of Kerala indicating its invasive potential under diverse environmental
conditions owing to its prolific seed production, sprouting from weed slips on soil
surface, extended period of seed viability and different mode of propagation. The
results revealed that early and continuous flooding, deep tillage for burial of seeds
and slips into the soil beyond 5 cm could suppress its emergence. The study identified
fenoxaprop-p-ethyl @ 0.06 kg ha* as the most effective herbicide against L. chinensis
to be sprayed at 15-18 DAS in WSR. In areas where L. chinensis is a dominant weed
in the WSR, tank mix application of bispyribac sodium @ 0.025 kg ha + fenoxaprop-
p-ethyl @ 0.06 kg ha* at 15-18 DAS could be recommended for broad spectrum weed
management. Whole plant bioassay of the above combination proved effective at its
still lower dose and the differential response of L. chinensis to bispyribac sodium
indicated herbicide combinations for managing the complex spectrum of weeds in

wet seeded rice.
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