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INTRODUCTION

Rice plays a unique role in meeting the food requirements of more than
half of the world population. In India rice occupies an area of 39.04 million hec-
tares, with a production of 72 million tonnes (Venkataramani, 1994). Rice is the
principal crop in Kerala, where it is grown in an area of 5.41 lakh hectares. with an
annual production of 10.86 lakh tonnes (FIB, 1994).

During the first crop season (virippu), direct seeding is a common prac-
tice among farmers to take the advantage of early rains for crop establishment. The
dry seeded rice begins its life cycle as a dry crop, but as the rainy season proceeds
water accumulates in the field and the crop finishes its life cycle as a wet land crop.
In dry seeding, a much wider range and intensity of weed problem can be expected
than in transplanting or wet seeding because of the differences in land preparation,
lack of standing water at the initial stages of crop growth and simultaneous emer-
gence and growth of weeds and rice. The grassy weeds appear along with the germi-
nating seeds of the crop and constitute the major portion of the weed population.
Hence heavy infestation of weeds is a serious threat to the rice growers during the

first crop season..

Appropriate weed control technology has a direct bearing on the success
of the dry-seeded crop. Crop loss due to weed infestation is more severe in tropical
regions as in Kerala, where grain yield reduction is reported to vary from 28 to as
high as 88 per cent (Sankaran, 1990).



Weed free condition upto sixty days is essential for getting good yields in
dry sown rice (Sankaran and De Detta, 1985). Though manual weeding is consid-
ered the best, the method is uneconomical and is becoming difficult day-by-day due
to scarcity of labour particularly at the peak period of requirement. Moreover,
handweeding becomes difficult due to morphological similarity of grassy weeds and
rice crop especially during early growth stages (Sharma er al., 1977). Effective
weed control through pre-emergence herbicides assume importance for obtaining
higher rice yields by the efficient utilization of costly inputs.

At present, most of the available herbicides provide only a narrow spec-
trum of weed control. Satisfactory control of weeds could not be achieved with
singular pre-emergence application of butachlor and thicbencarb in rice (IRRI,
1980). Besides, repeated use of a single herbicide may help to develop genotypes
resistant to that particular herbicide. At this juncture, use of herbicide mixtures holds

promise to cater to the needs of the rice farmers.

Different herbicides and their combinations are recommended elsewhere
in various systems of rice culture. Herbicide combinations provide prolonged and
wider spectrum of weed control than singular application even at the reduced dose
due to additive or synergistic effects. Moreover, in combination the application rates
are usually lower than that of herbicides applied alone and thus economical. Combi-
nation of phenoxy’s with a grass weed killer had been reported to increase the spec-
trum of weed control (De Detta er al., 1971).

In the case of tank mix combinations several difficulties are encountered

in compatability, application and efficiency. However with respect to ready mix
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formulations broad spectrum of weed control can be obtained economically, mini-

mising operational hazards than tank mix applications.

Information regarding the effect of different herbicide combinations,
their phytotoxicity to rice seedlings and weed control efficiency in dry sown rice are

limited. Hence the study was undertaken with the following objectives..

1. To study the efficacy of joint formulation of anilofos (aniloguard) and 2,4-DEE
in controlling weeds associated with dry-sown rice.

2. To find out the optimum dose and time of application of joint formulation of
anilofos (aniloguard) and 2,4-DEE in dry-sown rice.

3. To find out the economics of herbicide use in comparison with the conventional

method of weed control in dry-sown rice culture.
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REVIEW OF LITERATURE

Dry sown rice is exposed to severe competition from weeds as they
extend a formidable competition for nutrients, water and light. The success of dry
sown crop mainly depends on the appropriate weed control technology. Thus effec-
tive weed control through herbicides assumes importance for achieving high produc-
tion utilising the high cost inputs in full by the rice crop.

Herbicide discovery and development is a continuing process because
there is always a need for newer herbicides to meet the changing weed situations in
agricaltural systems, to achieve greater efficacy and economy in chemical weed
control and to minimise risks to the environment through toxicity and residues. Also
the efficiency of a herbicide in controlling weeds depends on the weed spectrum,
herbicide dose, time and method of application. Hence a brief review is made on the
nature of weed spectrum in rice field, the competition between crop and weed and
their effects on growth and yield.. Literature on the different aspects of chemical
control of weeds in rice using anilofos, 2,4-DEE, butachlor and mixture of anilofos
and 2,4-DEE is also reviewed.

2.1 Weed spectrum in dry-sown rice

Weeds are more serious in the production of dry sowna rice than in other
cultures. A much wider range and intensity of weed problems can be expected in
dry-sown rice. About 350 species in more than 150 genera and 60 plant families
have been reported as weeds of rice (De Detta, 1977; Barret and Seaman, 1980).



Pande and Bhan (1966) reported that grassy weeds constitute the major
weed population in upland paddy. Cyperaceae rank next in abundance with more
than 50 specics reported as weeds of rice (Holm ez al., 1977).

Chatterjee et al. (1971), Misra and Roy (1971) and Mukopadhyay ez al.
(1972) reported that Echinochloa colona (L) Link, Echinochloa crusgalli (L) Beauv,
Cynodon dactylon (L) Pers, Eleusine indica (L) Gaertn. Ipomoea sp., Fimbristylis
miliaceae(L) Vahl, Commelina benghalensis L, Phyllanthus niruri (L) and Amar-

anthus sp. were the major weeds in upland rice irrespective of edaphic differences.

Nair et al. (1974) reported from their studies in direct-seeded rice fields
of Kerala that the important weeds consisted of Echinochloa crusgalli, Cyperus sp.,
Fimbristylis miliaceae and Monochoria vaginalis. The predominant weed species
found in the rice fields of Mannuthy, Kerala, under semi-dry conditions included
Cynodon dactylon, Cyperus iria, Cyperus difformis, Amaranthus viridis, Tridax
procumbens, Ageratum conyzoides and Phyllanthus niruri (Nair et al., 1979).

General weed flora recorded (AICRP WC, 1986a) in direct sown rice of
Tamil Nadu were Echinochloa colona, Echinochloa crusgalli, Brachiaria platyphylla
in grasses, Cyperus iria, Cyperus difformis, Scirpus sp. and Fimbristylis miliaceae in
sedges, Marselia quadrifolea, Ludwigia parviflora, Eclipta alba and Ammania bacci-
fera in broad leaved weeds.

Cruz et al. (1986) noticed Cyperus rotundus, Digitaria sp., Cynodon
dactylon, Echinochloa colona, Eleusine indica and Dactyloctenium aegyptium in

upland rice. Experiments conducted at Regional Agricultural Research Station,



Pilicode in rice under semi-dry system identified Echinochloa crusgalli, Echinochloa
colona, Ischaemum rugosum, Cyperus sp., Marselia quadrifolia and Eichornia cras-

sipus as predominant weeds (Sudhakara and Nair, 1986).

Singh er al. (1987) observed Echinochloa colona, Dactyloctenium ae-
gyptium, Cyperus rotundus, Cyperus iria and Trianthema monogyna as major weeds
in upland rice. Major weeds in dry sown rice in Kerala comprised of Isachne milia-
ceae, Echinochloa colona, Saccolepis interrupta among grasses and Cyperus iria
among sedges (Jayasree, 1987 and Palaikudi, 1989)'. Dicot weeds were very few in

number and the main species present were Alternanthera sessilis, Ludwigia Sp. etc.

Acéording to Moody (1989) grasses were predominant in upland rice and
about 140 species were observed in South and South East Asian countries. Of these,
Dactylotenium aegyptium, Digitaria sp., Echinochloa colona, Eleusine indica,
Imperata cylindrica, Rottboellia cochin chinensis were more important on a global
basis. Cyperus rotundus, Echinochloa colonum, Cleome viscosa were the dominant

weed species in semi-dry rice (Bhargavi and Reddy, 1990).

In Tamil Nadu Kandaswamy and Palaniappan (1990) surveyed weeds of
direct sown rice, 60 days after sowing in 3 cropping seasons. The mMajor grasses
were Echinochloa colona, Echinochloa crusgalli and Chloris barbata. The most
common sedges were Cyperus rotundus, Cyperus iria and Fimbrystylis miliaceae.
Robinson and Selvaraj (1991) found Echinochloa colona, Cyperus difformis, Pani-

cum sp., Ludwigia parviflora,. Cynotis axillarise in semidry rice.

Cyperus sp., Isachne sp., Echinochloa sp., and Saccolepis interrupta

were reported as the major weeds in rice fields of Onattukara region in Kerala



(Varughese and Pillai, 1991}. Tiwari er al. (1991) noticed Cyperus rotundus, Echi-
nochlea colona, Phyllanthus niruri, Trianthema monogyna, Commelina benghalen-
sis and Digitaria sanguinalis in direct seeded rainfed rice in Uttar Pradesh.

Ramamoorthy (1991) and Pandey er al. (1991) reported Echinochioa
colona, Cyperus rotundus and Eclipta alba 'as major weeds in upland rice. Major
weeds in broadcast seeded semi-dry rice of Raipur were Echinochloa colonum,
Echinochloa crusgalli, Ischaemum rugosum, Eleusine indica, Cyperus iria, Cyperus
difformis, Fimbrystylis sp., Eclipta alba and Cassulia auxillaris (Chandrakar et al.,
1993). Cyperus rotundus, Echinochlea crusgalli, Cynodon dactylon, Cleome viscosa
and Euphorbia hirta were the dominant weed species in semi-dry rice at Tirupathi
(Bhargavi and Reddy, 1993).

The review clearly indicated that the weed spectrum in dry-sown rice is
diverse and varies with the locations. Grasses constitute the major weed flora in dry-
sown rice. Among grasses Echinochloa colona was the most serious. Echinochloa
crusgalli was more confined to semi dry conditions. Among sedges Cyperus rotun-
dus is most serious in uplands while Cyperus iria is more common in semi dry

conditions.
2.2 Crop weed competition in rice

The crop plants face a greater set back due to the competition by the
weeds in the field especially at seedling stage. The weeds compete with the crop for
light, air, water and nutrients and they also adversely affect the microclimate around
the plant, barbour disease causing organisms and pests, increase cost of production
and lower the quality and quantity of crop produce.



In rice, the crop-weed competition varies with the system of rice culture,
method of planting, cultivar and the cultural practices. Greater crop weed competi-
tion in direct seeded rice than in transplanted rice has been reportd by several work-

ers (Smith Jr. 1983; ICAR, 1990).
2.2 Critical pertod of crop weed comptition

Critical period of crop weed competition refers to a particular length of
time in the life cycle of crop during which the presence of weeds above a certain
density will cause significant yield reduction. Weeds are to be controlled within this
period. Competition from broad leaved weeds is generally less severe than from

grassy weeds and will be affected by both species and number of species present.

The critical period for rice weed control is the first 40 days (Arai, 1967).
The longest period of weed competition that the rice crop can tolerate without signif-
icant yield reduction was upto 30 days after sowing and this degree of competition
between rice plants and weeds depends On the growth characteristics, time of weed

emergence and weed density (Nair ez al., 1975).

Sharma er al. (1977) found the critical period to be between 10-12 days
after emergence for direct seeded rice in India. In upland rice the critical period of
weed competition varies from 2-6 weeks after emergence (Sashi er al., 1983).
According to Ghosh et al. (1977) the critical period of weed infestation in rice vary
from 10 to 30 or 40 days after seeding in upland rice.

Based on the study conducted at Vellayani, Kerala, the critical period of

weed infestation in a short duration direct-sown rice under semi-dry condition was



21 to 40 days of sowing (KAU, 1984). Varshney (1985) meationed that the critical
period of weed competition for upland rice was upto 40 days after sowing.

Sankaran and De Daita (1985) have suggested a weed free period of 50
days after seeding in upland rice. According to Shelke et al. (1986) the critical
period of weed removal in upland rice lies between 15 to 30 days after sowing.
Competition from weeds during the first 15 days after sowing had no significant
effect on grain vield of rice, while competition beyond 15 days after sowing caused
drastic reduction in grain yield of rice (Singh et al., 1987). In upland direct seeded
rice the competitive period was identified to be 4 weeks after sowing (Tiwari ef al.,
1991).

The review in general indicated that the critical period of weed competi-
tion in rice lies between 15 days to 30-40 days after sowing. But in dry-seeded rice
this period may extend to 45-55 days of sowing.

222 Effect of weeds on rice growth and yield attributes

a) Dry matter production

Severe weed infestation in upland rice was found to depress the total dry
matter production of rice (Chakraborthy, 1973). Nakayama (1978) observed a reduc-
'tion in the dry matter of rice from 2.2 to 3.4 g/plant due to weed competition. Crop
dry matter was negatively correlated with weed dry weight or weed density (Patel et
al., 1985). Jayasree (1987) also noticed a negative correlation between the dry
matter production of crops and weeds at all stages of the crop with higher correlation

at initial stages.
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Weed dry matter at harvest was highest for unweeded check resulting in
grain yield reduction (Purushothaman er al., 1988). Singh er al. (1988) and Nair et
al. (1979) also reported lowest crop dry matter in weedy check with lowest grain
yields. Suja (1989) mentioned that severe weed competition and high weed density
affected the crop growth aﬁd reduced the height and crop dry matter production. The
dry matter production by crop was higher in plots where hand weeding was done
(Palaikudy, 1989).

b) Plant height

Weeds significantly reduced the plant height, Mukopadhay and Bag
(1967) and Sreedevi (1979). However Noda er al. (1968) and Jayasree (1987)
reported increased plant height due to competitive stress in unweeded plants.

Mc Gregor er al. (1988) studied the impact of 10, 50, 100 and 150
plants/m? densities of Brachiaria platyphylla in rice and found that densities of 100
and 150 plants/m? reduced the height of rice. High weed density and weed competi-
tion reduced the height of the crop (Palaikudy, 1989). Reduction in plant height and
tiller number due to heavy weed infestation was also observed by Jayakumar (1991).

ii) Yield attributes

Ravindran et al. (1978) recorded lowest values for yield attributing
characters such as number of panicles/m?, spikelets/panicle and 1000 grain weight in
the unweeded control. In direct seeded semi-dry rice the number of filled
grains/panicle was considerably reduced due to uncontrolled weed growth (Sreedevi,
1979).
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Moorthy (1980) noticed a reduction in number of panicles/m? to the
extent of 32 per cent in unweeded plots over hand weeded (twice) plots. Sashi er al.
(1983) recorded more number of filled grains per panicle by maintaining weed-free
condition upto 45 days after sowing. According to Gupta (1984) the percentage of
mature grains per panicle was adversely affected by grassy weeds.

Kumar and Gautam (1986) reported an increase in the number of pani-
cles/m? and filled grains/panicle in the herbicide treated plots over the control plot.
Singh et al. (1987) and Singh and Dash (1989) noticed negative correlations between
weed dry weight and crop dry weight, leaf area index of rice, number of panicles/m

row, number of fertile grains/panicle and grain yield.

Weeds affected the growth and yield of dry-sown rice mainly through
lower number of panicles, seed setting, 1000 grain weight and panicle length (Fang
and Wang, 1990). Azad et al. (1990) recorded higher 1000 grain weight in all the
weed control treatments including handweeding over unweeded check. Productive
tiliers were more in effective weed control treatments over unweeded control

(Swamy et al., 1993).
223 Yield reduction due to weed competition

The yield losses due to severe weed growth was estimated to be about 70
per cent in direct seeded upland unpuddled rice and sometimes total failure of the
crop dependidng upon the intensity of weed infestation (Mukopadhyay, 1965; Bhan,
1966). Chang (1973) mentioned that reduction in yield due to weeds varied with
weed species, weed density, crop season, soil fertility and rice variety. As per IRRI
(1973) yield reduction due to weeds in direct seeded rice was 40 to 60 per cent even
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if the fields were weed free for 30 days.in some cases and grass weeds reduced the

rice yield to the extent of 90 per cent.

According to Pillai and Rao (1974) the extent of yield reduction due to
weed incidence alone ranged between 28 to 50 per cent in direct sown unpuddled
rice, in Orissa. Yield losses in rice increased as weed population increased irrespec-

tive of soil fertility levels (Okafor and De Detta, 1976).

De Detta (1979) found that m India all season weed competition reduced
grain yield by 11 per cent in transplanted rice, 20 per cent in direct wet seeded rice
and 46 per cent in direct seeded dry rice. In Kerala Sreedevi (1979) reported that
weedy condition reduced the grain yield by 70 per cent compared to weed free check

in direct sown rice.

In vpland rice, weeds compete severely with the crop for nutrient, light,
space and moisture, thus reducing the crop yield by 40 to 85 per cent (Moody,
1982). Studies at RARS, Pattambi revealed that the weed growth in early stage
reduced the crop yield more severely than in the late stage and grasses were more
harmful in reducing the yield of rice followed by broad leaved weeds and sedges ‘
(KAU, 1982). Weeds cause 10-15 per cent yield losses, without any visible symp-
toms in rice (Rao, 1983). According to Bhan and Malik (1986) Echinochloa crusgal-
li causes severe loss in rice. Competition for four weeks in upland direct seeded rice

by Echinochloa, reduced the rice yield by 40 per cent (Mandal, 1990).

According to Budhar et al. (1991) grain yield increased significantly due
to weed control treatments over no weeding. Vaishya er al. (1992) reported an yield
reduction of 68 per cent in upland direct seeded rice.
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The above review clearly reveal the magnitude of yield loss due to weed
infestation in dry sown rice. To avoid this serious loss proper and timely weed

control is quite imperative.
2.24 Nutrient uptake by crop and weeds

Weeds have larger requirement of nutrients and have higher mineral
nutrient content than crop plants (Singh ez al., 1986). According to Jayakumar et al.
(1987) weeds grow faster than crop plants and absorb the available nutrients earlier,
thus depriving the crop plants of the nutrients. Such high depletion of nutrients by
weeds was also reported earlier by Mukopadhay ef al. (1972) and Kakati and Mani
(1977).

Shetty and Giill (1974) revealed that weeds were more efficient in N
uptake than the crop. Mani (1975) also reported more competition for N in limiting
crop yields. Severe weed competition depletes 30 to 37 kg N/ha (Mukopadhay ez
al., 1971). Nitrogen uptake by rice was inversely proportional to N uptake by weeds
as per Mallappa (1973).

Sreedevi (1979) reported highest N removal by weeds in unweeded
_ control (33.5 kg N/ha), while in band weeded plots it was only 2.58 kg/ha. Similar
results were observed by Nanjappa and Krishnamoorthy (1980), where the weeds in
weedy check removed 42.0 kg N/ha compared with only 10.5 kg N/ha in weed free
plot. They also reported the highest N uptake of 98.4 kg/ha by the crop in weed free
plot and 45 per cent reduction in N uptake by the crop in unweeded check.
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Chakraborthy (1981) observed a weed removal of 30.4 kg N and 18.2 kg
Py0Og/ha and a marked reduction in dry matter production of rice. Among the vari-
ous systems of rice culture‘v;reeds accumulated more N in direct sown rice. Accord-
ing to Singh and Sharma (1984) N and P content of weed population were higher
than those of rice plants at different growth stages under weed infested condition,
while in rice most of the N was accumulated after the control of weeds. Pandey and
Thakur (1988) reported an uptake of 35 kg N/ha by weeds due to weed infestation in
upland rice. Katheresan and Veerabhadran (1991) found that in the unweeded con-
trol the monocot weeds removed 5.2 kg N/ha while dicot weeds removed 27.5 kg
N/ha at 40 DAS. According to Ghosh and Mittra (1991) increasing rates of N

promoted weed growth and drymatter at harvest in upland rice.

For successful upland rice production, higher phosphorus availability is
inevitable. But the availability of this nutrient is reduced in upland, owing to faster
and larger depletion by competing weeds (Alkamper, 1976). In semi-dry system of
cultivation also, as the initial period of growth is as in the upland condition, weed
infestation and thereby the depletion of nutrients will be more. This necessitates
timely and effective weed control for achieving higher yields. Mukopadhay et al.
(1972) recorded increased yield through increased availability and uptake of P by

adopting suitable weed control measures.

Sreedevi (1979) recorded the highest P uptake of (5.13 kg/ha) by weeds
in unweeded control while in weed free plot it was only 0.19 kg/ha in direct seeded
unpuddled rice. Kaushik and Mani (1980) also reported a depletion of 5.8 kg P/ha

through weeds in similar situation.
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2.3 Chemical weed control in dry-sown rice

Chemical weed control through pre-emergence herbicides and their
combination with phenoxyacids help to achieve weed free condition during critical
periods of weed competition. Chemical control of weeds in direct sown rice assumes -
importance because of the scarcity of labour and peak periods of requirement along
with its high cost (Nair e al., 1974; Subramanian and Ali, 1985). The literature on
the effect of the test herbicides viz. anilofos, 2,4-DEE, butachlor and mixture of
anilofos and 2,4-DEE are reviewed in this chapter.

2.3.1 Anilofos

Anilofos, is a selective pre-emergence rice herbicide effective against
annual grasses, sedges and broad leaved weeds. This promising new herbicide has
been under intensive trials under different agroclimatic conditions in India and

elsewhere.

Langeluddekke et al. (1981) recommended anilofos at 0.3 kg/ha for the
control of Echinochloa crusgalli and indicated that it can be applied even upto 2-3
leaf stage. Anilofos at 0.6 kg/ha controlled barnyard grass better under low land
conditions in Philippines (IRRI, 1983).

Ali and Rajan (1985) reported that Echinochloa crusgalli in transplanted
rice in the monsoon and winter season was effectively controlled by pre-emergence
application of 0.45 kg anilofos/ha, followed by one late hoeing. Babu and Singh
(1985) observed no significant difference in yield with the use of anilofos @ 0.2 to
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0.4 kg/ha in drilled rice at Uttar Pradesh. At Pantnagar, anilofos at 0.3 kg/ha in-
creased number of panicle/m? and filled grains per panicle in direct sown rice
(Kumar and Gautam, 1986). Among the sc_*,veral herbicides evalvated under Coimba-
tore conditions, anilofos at 0.4 kg/ha recorded the lowest weed density (AICRP
WC, 1986a) under transplanted conditions. It was similar to handweeding twice with
good persistence upto 60 DAT and good weed control efficiency (88.4%).

Anilofos applied at 0.4 kg/ha at 4 DAT produced grain yield on par with
weed free check (Singh and Hari Om, 1986). When anilofos was applied at 0.45
kg/ha the number of weeds were lower as reported by Rao and Rao (1986).

Moorthy and Manna (1988) recorded highest grain yield with the applica-
tion of anilofos at 1.5 kg/ha under upland conditions. Anilofos at 0.3 and 0.4 kg/ha
could not effectively act against broadleaved weeds in direct seeded rice (Misra ef
al., 1988). As per Pandey and Thakur (1988) anilofos at 0.3 and 0.5 kg/ha applied 4
DAT significantly reduced nutrient depletion by weeds.

Patro et al. (1989) found that the pre-emergence application of anilofos
at 0.5 kg/ha efficiently controlled the total weed growth in terms of weed population
and dry weight of weeds which in turn favoured better crop growth and highest
yields. Anilofos at 0.4 and 0.6 kg/ha at 4, 7 or 10 days after planting gave good
control of grasses and some broad leaved weeds and resuited in increased grain
yields. Application of anilofos at 0.6 kg/ha on 7 or 10 DAP proved more effective
than its lower dose of 0.4 kg/ha or treatment of butachlor 1.5 kg at 2 DAP
(Munegowda ez al., 1990).



17

Sankaran et al. (1990) found in a rice-rice-green gram cropping system
that for both the rice crops anilofos.at 0.4 kg/ha followed by one hand weeding gave
higher weed control efficiency and higher grain yield: Singh et al. (1996). reported
that in direct seeded upland rice anilofos applicétion produced highest grain yield .
significantly over oxadiazon and pendimethalin. ‘

As per Gill et al. (1991) anilofos 0.3 - 0.5 kg/ha applied pre and post
emergent (7 DAT) resulted in Towest' weed dry weight and .in.creased grain- yield
from 2.6 - 4.2 t/ha to 3.6 - 7.9 t/ha. Lower weed population and dry weight was
observed with anilofos 0.4 to 0.6 kg/ha in low.land rice (Budhar ez al., 1991).

According to éhinnamumu (1990) application of anilofos at 0.4 ke/ha

followed by one handweeding at 40 DAS recorded least NPK removal by weeds and

highest NPK uptake by crop. Velayudham and Jayakumar (1993) noticed effective

| control of Echfhochloa crusgalli with anilofos at 0.3 and 0.45 kg/ha. Chandrakar er

al. (1993) reported that in brodcast seeded semi dry rice, anilofos at 0.4 kg/ha either

as granules or as .spray proved equally effective in controlling grassy weeds and
sedges.

2.3.2 2,4DEE

Phenoxy acids and their derivatives are the important group of organic
herbicides, because of their selectivity and outstanding ability to be translocated
within plants. They show a good degree of selectivity between the susceptible broad
leaf weeds and the tolerant grasses, thus facilitating their use in monocot crops.
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At most of the stages of crop growth the total dry matter of weeds were
kept low when granular and spray formulations of 2,4-DEE was applied at 0.8 kg/ha
(Singh and Bhandari, 1985). Reports from Viswa-Bharati (ISWS, 1985) showed that
granular application of 2,4-DEE at 1.0 kg/ha applied at 3 DAT was effective in
suppressing annual grasses at germinating stage, whereas Kumar and Gautam (1986)
reported lower rice grain yield with 2,4-DEE application. As per Shivamadiah et al.
(1987) highest net return and better weed control in upland rice could be obtained by
the application of 2,4-DEE @ 0.8 kg/ha.

Bhargavi and Reddy (1990) reported that application of 2,4-DEE at 0.9
kg/ha as pre and early post emergence gave effective control of 27 weed species
dominated by Cyperus rotundus, Echinochloa colonum and Cleome viscosa in semi
dry rice. 2,4-DEE at 0.8 kg/ha gave effective weed control in transplanted rice (Joy
et al., 1991). Janardhan et al. (1993) found that 2,4-DEE at 1.5 - 2.5 kg/ha reduced
weed dry weight at harvest and increased rice grain yield in transplanted rice.

233 Butachlor

Butachlor is a selective pre-emergence herbicide used for the control of
many annual grasses, sedges and some broad leaved weeds. Best results were ob-
tained when applied at 1-2 kg ai/ha (Moody, 1977). Nizam et al. (1981) reported
that application of butachlor at 2 kg ai/ha in dry seeded unpuddled rice gave excel-
lent weed control and better bioefficiency. Better weed control and higher grain
yield with pre-emergence herbicide butachlor had been reported by Singh and Dash
(1986) in upland rice.



Butachlor @ 1.5 kg ai/ha when applied one day after sowing gave effec-
tive control of Echinochloa spg in semi-dry rice (KAU, 1986). At IRRI an experi-
ment in upland rice showed poor control of grasses with butachlor (IRRI, 1977).
Bhol and Singh (1987) also reported poor control of grassy weeds with butachlor due
to rapid decomposition of the chemical by ultra violet light under irrigated condi-

tions and quick degradation by soil microbes.

Rao and Rao (1990) found that application of butachlor 1.5 kg ai/ha on 3
DAS was found to be useful in controlling Echinochloa colonum without any phyto-
toxic effect on rice seedlings. According to Joseph er al. (1990) butachlor 1.5 kg
ai/ha controlled broad leaved weeds and sedges.

Emmanuel (1991) observed no inhibition of rice seed germination with
the application of butachlor. Results of the trial conducted at Rice Research Station,
Kayamkulam, Kerala, under dry sown condition showed that pre-emergent spray of
butachlor at 1 kg ai/ha immediately after seeding rice effectively controlled weeds

_ R faclinna_and Dillai1091)_Kamble ¢t al.



Anilofos + 2,4-DEE Mixtures

Langeludukke er al. (1981) reported effective broad spectrum weed
control with a mixture of anilofos and 2,4-DEE at 6-10 DAT. Arosin (15% anilofos,
15% 2,4-D) and rogue (34.77% butachior + 23.17% 2,4-D) applied at 0.6 and 1.6
kg/ha respectively gave excellent control of grasses, broad leaved weeds and sedges
in transplanted rice for more than 40 DAT (Pamplona and Evangelista, 1981).

Bhan and Pal (1982) observed better control of barnyard grass and
Cyperus difformis with 50 per cent dose of anilofos in combination with 2,4-DEE,
Anilofos at 0.2 kg ai/ha + 2,4-DEE at 0.4 kg ai/ha followed by 1 late hoeing gave
an effective broad spectrum weed control and high paddy yield {(Ali and Rajan,
1985).

Anilofos 0.3 kg ai/ha mixed with 2,4-DEE at 0.4 kg ai/ha was equally
effective in controlling weeds as that of butachlor (1.25 kg/ha) mixed with 2,4-DEE
at 0.6 kg/ha (AICRP WC, 1986b). Anilofos @ 0.3 kg/ha and 2,4-DEE @ 0.8 kg/ba
gave yields more than 3 t/ha as per Kumar and Gautam (1986). With the application
of anilofos + 2,4-DEE, there was a significant reduction in nutrient depletion by
weeds.

Pandey and Thakur (1988) reported that 0.3 kg anilofos + 0.8 kg 2,4~
DEE/ha was as effective as hand weeding in controlling Cyperus rotundus in upland
rice. Grain yield was also increased by 19 per cent.

Srinivasan and Pothiraj (1989) reported that pre-emergence application of
anilofos 0.3 kg + 2,4-DEE 0.51 kg/ha effectively controlled Echinochloa sp.



Application of anilofos 0.4 kg/ha followed by 2,4-DEE @ 0.8 kg/ha gave broad
spectrum of weed confrol with incommittant increase in weed control efficiency

(Chinnamuthu, 1990).

Ranganayaki (1990) observed that anilofos @ 0.3 kg/ha + 2,4-DEE 0.4
kg/ha applied upto 9 DAT provided broad spectrum of weed control than singular
application and the grain yield was comparable with hand weeding. Broard spectrum
weed control with the highest weed control efficiency and lowest weed index was
observed with anilofos + 2,4-DEE (0.3 + 0.4 kg/ha) as readymix and was compar-
able with handweeding (Jayakumar and Sree Ramalu, 1992). The same treatment
registered better growth, yield and yield parameters in transplanted rice.

According to Dhiman et al. (1993) anilofos + 2,4-DEE at 0.4 + 0.5
kg/ha recorded higher panicles/m?, panicle weight and lower weed drymatter in
transplanted rice. In transplanted rice broad spectrum weed control with highest
weed control efficiency and lowest weed index was observed with anilofos + 2,4
DEE at 0.3 + 0.4 kg/ha (Velayudhamand Jayakumar, 1993). Studies jlt Rice Re-
search Station, Moncompu, Kerala (Syriac et al., 1993) revealed that p;e—emergent
application of anilofos + 2,4-DEE produced higher grain yields and low weed dry
weight. Combination of anilofos at 0.3 kg/ha + 2,4-DEE at 0.4 kg/ha applied at 10
DAS provided good control of weeds and higher grain yields in wet seeded rice
(Sreedevi and Thomas, 1993).
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MATERIALS AND METHODS

Field experiments were conducted in dry sown rice during the first crop
season (May to September) of 1993 and 1994 to evaluate the efficiency of different
doses of joint formulation as well as tank mix combination of asilofos and 2,4-DEE
and singular application of amilofos, 2,4-DEE and butachlor at different time of
application. The materials used and the method followed are discussed in this chapt-

er.
31 Site, climate and soil

The field experiments were conducted at the Agricultural Research Sta-
tion, Mannuthy under the Kerala Agricultural University, Vellanikkara, Thrissur.
The station is located at 12°32’ N latitude, 74°24° E longitude and at an altitude of
22.23 M above MSL. The region enjoys typical bumid tropical climate.

The soil of the experimental field was sandy Ioam in texture. The physi-

cal and chemical composition of soil in the field are given in Table 1.

The study was conducted during the first crop season (May to Septem-
ber) of 1993 and 1994. The details of the meteorological observations recorded
during the experimental period are presented in Tables2a and 2b and illustrated in
figures (1a and 1b). The experimental field of 1993 was under cucurbitaceous veget-
able for the previous summer season while the experimental field of 1994 was under

bulk crop of rice during the previous season.



Table 1. Physico-chemical characteristics of the soil in the experimental field

Particulars Value

Method employed

A. Mechanical composition

Sand % 65.76
Silt % 18.50
Clay % 16.00
Texture Sandy loam

Robinson’s International Pipette
method (Piper, 1942)

B. Chemical composition  Value

Total N (%) 0.129

Available P (kg/ha)  29.82

Available K (kg/ha) 175.12

pH 5.12

Micro-kjeldahl method
(Fackson, 1973)

Bray 1 extractant, chlorostannous
reduced molybdophosphoric blue
colour method (Jackson, 1973)

Neutral normal ammonium
acetate extract, flame photometry
(Jackson, 1973)

1:2.5 soil-water suspension,
using a pH meter (Jackson, 1973)




Table 2a. Meterorological data (weekly average) for the experimental period
(24.5.1993 to 10.9.1993)

Standard Moath and date Temperature ~C Total Bright  Relative

week No. rainfall sunshine humidity
Maximum Minimum (mm)  hours (%)

21 May 21-27 34.5 24.4 6.0 6.6 88 62
22 May 28-June 3 32.8 20.8 103.8 4.3 90 69
23 June 4-10 29.6 23.3 236.6 1.8 95 80
24 June 11-17 292 23.8 2379 1.9 95 81
25 June 18-24 30.4 24.5 85.5 4.4 9 73
26 June25-Jul 1 29.2 23.6 186.4 2.9 94 82
27 Jul 2-8 28.6 22.7 188.9 2.0 95 78
28 Jul 9-15 28.7 22.6 167.8 1.8 92 83
29 Jul 16-22 28.9 22.9 128.1 2.8 94 76
30 Jul 23-29 28.0 23.1 101.0 2.9 9 80
31 Jul 30-Aug 5 29.1 23.7 96.4 3.6 95 76
32 Aug 6-12 29.9 28.5 549 4.6 95 175
33 Aug 13-19 292 23.1 66.3 3.3 93 78
34 Aug 20-26 29.8 232 61.9 5.6 9% 74
35 Aug 27-Sep 2 29.8 23.5 33.6 6.5 95 73

36 Sep 3-9 29.4 23.0 23.7 3.9 93 75




Table 2b. Meterorological data (weekly average) for the experimental period
(23.5.1994 t0 6.9.1994)

Standard Month and date Temperature C Total Bright  Relative

week No. rainfall sunshine humidity
Maximum Minimum (mm)  hours (%)

FN AN

21 May 21-27 33.9 25.3 3.5 7.60 89 62
22 May 28-June 3 30.2 22.8 171.8 280 9 80
23 June 4-10 26.6 229 280.0 008 9 93
24 Jupe 11-17 28.4 22.7 219.2 072 97 84
25 June 18-24 30.9 23.7 66.6 580 96 70
26 June25-Jul 1 29.5 22.7 253.8 270 9% 80
27 Jul 2-8 29.7 22.8 77.0 320 9 82
28 Jul 9-15 288 220 311.5 1.10 97 88
29 Jul 16-22 29.9 21.9 293.7 1.00 97 84
30 Jul 23-29 28.22 22.7 2193 140 96 88
31 Jel 30-Aug 5 27.4 22.1 352.9 1.30 97 88
32 Aug 6-12 30.4 23.7 32.4 350 94 73
33 Aug 13-19 31.0 22.9 46.0 500 95 69
34 Aug 20-26 30.1 22.7 80.6 200 94 72
35 Aug 27-Sep 2 29.6 22.5 166.9 1.70 97 81

36 Sep 3-9 30.3 23.1 99.2 530 9 73
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32 Treatments

The treatments consisted of five different pre-emergence herbicides, viz.

tank mix of anilofos and 2,4-DEE, joint formulation of anilofos and 2 ,4-DEE,

singular application of anilofos, 2,4-DEE and butachlor and four different time of

application of the above herbicides ie. zero, thfee, six and nine days after sowing. In

addition an unweeded control and a hand weeded control (two hand weedings at 20

and 40 DAS) were also included for comparison,

Main plot treatments - Time of application

Sub plot treatments - Weed control treatments
Treatments Subplot treatment Main plot Notation
1 2 3 4
1. Anilofos + 2,4-DEE 0.3 +0.45kga.i./ha 0 DAS M;Ty
2. ° " " 3 DAS M,Ty
3. " " " 6 DAS M3T;
4. " " " 9 DAS MyTy
5. Joint formulation 0.3kga.i./ha 0 DAS M;T,
6. " " 3 DAS M;T,
7. " " 6 DAS M3Ty
8. " " 9 DAS MyT,
9. " 0.45 kg a.i/ha 0 DAS M;T3
10. " " 3 DAS MyT;
11. " " 6 DAS M3Ty

Contd.



1 2 3 4

12. " " 9 DAS MyTy
13. Anilofos 0.3 kg a.i/ha 0 DAS MTy
4. " " 3 DAS M;Ty
15. - " 6 DAS M3Ty
16. ° " 9 DAS MyTy
7. " 0.45 kg a.i/ha 0 DAS M Ts
18. " 3 DAS MyT5
19. - " 6 DAS M3T;
20. " 9 DAS MyTs
21. 2,4-DEE 0.4 kg a.i/ha 0 DAS M;Tg
2. " " 3 DAS M;Tg
23. " " 6 DAS M3Tq
24, " " 9 DAS MyTg
25, " 0.6 kg a.i/ha 0 DAS M;T,
26. " " 3 DAS MyTo
27. " " 6 DAS M3T,
28, " 9 DAS My T
29. Butachlor 1.25 kg a.i/ha 0 DAS M;Tg
30. " " 3 DAS M,Tg
31. " " 6 DAS M3Tg
32, - " 9 DAS My Tg
33. Hand weeded Control HW

34, Un weeded Control

UWC

27



28

33 Design and layout

1. Design : Split plot design

2. Replication 03

3. Gross plot size : 5.5 X 4.5 m?
1m strip along the 5.5 m side for distruc
tive sampling

4. Border : 0.5 m on all sides

5. Net plot size :35x35m? =12.25 m?

34 Herbicides

The details of herbicides used are given below:

Name of herbicide = Name of commercial Name of manufacturer Percentage of

formulation active ingred-
ient

Joint formulation Aniloguard plus Gharda chemicals 56% EC
of anilofos and
2,4 DEE
Anilofos " Aniloguard Gharda Chemicals 30% EC
2,4 DEE Agrodone concentrate Agromore Ltd. 34% WSC
Butachlor Butachlor 50 EC Pest Control Co. 50% EC
35 Herbicide application

The herbicides as per the treatments, were sprayed uniformly on the soil
surface with a knapsack sprayer fitted with a flat fan nozzle. Quantity of spray fluid
used was 500 1/ha.
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- Butachlor (1.25 kg a.i./ha)

C - Unweeded control



3.6 Variety

Rice variety Jyothi was used for the study. This variety with a duration
of 110-125 days has red, long and bold grains. This is moderately tolerant to brown
plant hopper and blast and is specially suited for dry seeding.

3.7 Field culture

During the first year of study, the crop was sown on 24th May 1993

while in the second year on 23rd May 1994.

The fields were ploughed twice under dry conditions and brought to a
fine tilth. All the weeds and stubbles were removed from the field. Dry seeds were
dibbled at a spacing of 20 x 15 cm, after the basal application of fertilizers. All the
cultural operations except weed control were done uniformly in all plots as per the
package of practice recommendations (KAU, 1993). Herbicides were applied as per
the treatments. The fields were flooded four weeks after sowing with the onset of
monsoon. However, during the first year of study proper and adequate flooding
could not be retained for long due to the slightly elevated nature of the plot.

The crop raised in 1993 was harvested on September 10th 1993, while
that raised in 1994 was harvested on September 6th, 1994 when 80 per cent of the
grain had matured. '

Fertilizer used

The following fertilizers were used for the experiment:



Urea - 46% N ,
Mussoriephos - 20% Py0s

Muriate of potash - 60% K70

Fertilizer schedule - 90, 45, 45 kg/ha of N, PO5  and K50

respectively

Time of application

Nitrogen was applied in three split doses. Fifty per cent N was applied as
basal and 25 per cent each at active tillering and panicle initiation stages. Full dose
of phosphorus was applied as basal. Potash was applied, half as basal and half at

panicle initiation stage.

3.8 Observations

3.8.1 Observations on weeds

The observations on weeds were taken from the sampling units in four
locations in each plot using an iror quadrat of 50 cm x 50 cm (0.25 m?) size. The

following observations were recorded.
a) Weed count

The weed couat from the sampling unit in each plot was observed species
wise and recorded as number/m2. The observations were taken at 15, 30, 45, 60

DAS.

The count of major weeds as well as total grass, sedge and broad leaved

weeds and total weed population were recorded.
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b) Dry matter production

The weeds from the sampling unit in each plot were uprooted, air dried,
then dried in a hot air oven at 70" C. Dry weight of the weeds was recorded in g/m?
at 30 and 60 days after sowing.

¢) Phytotoxicity

The weeds were observed for phytotoxic symptoms like scorching, retarded growth
etc. due to herbicide application and toxicity rating was done using 0-9 scale (Gupta,
1993).

d) Weed control efficiency

The weed control efficiency of different treatments were calculated using
the formula (Rao ef al., 1976).
_ X-Y)
Weed control efficiency (WCE) % = ---—--—-——x 100
X
where X = Dry matter production of weeds in the unweeded check (g/m?)

Y = Dry matter production of weeds in the respective treatments (g/m?)

3.8.2 Observations on crop

a) Phytotoxicity

The rice seedlings were also observed for any phytotoxic symptoms like
scorching, retarded growth etc. due to herbicide application. Toxicity rating was
done using 0-9 scale (Gupta, 1993).
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b) Crop growth characters

1) Dry matter production

Three plants were collected from the sampling units, oven dried and the
dry matter production was recorded in g/m2. The observations were taken at 30 and

60 DAS and also at harvest.
i) Plant height

The plant height in cm was recorded at 30 DAS and at harvest. The
height was measured from the bottom of the culm to the tip of the longest leaf or tip

of panicle whichever was longer.

¢) Yield attributes
i} Productive tillers

The number of productive tillers were counted from five plants and the

average was expressed as number of productive tillers per hill,
i) Length of panicle

The length from the neck to the tip of five panicles were measured and

the average length was given in cm,
iii) Number of filled grains per panicle

The total number of filled grains of all the sample panicles were Sepamte-

ly recorded and the average was worked out.
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iv) Thousand grain weight

One thousand grains from the net plot were counted from each treatment

and the weight was expressed in g.

d) Yield
1) Grain yield

The grains from each net plot was dried, cleaned winnowed and the

weight recorded in g/ba at 14 per cent moisture.
ii) Straw yield

The straw from each net plot was dried under sun and the weight record-

ed in g/ha.
iii) Weed index

Weed index of different treatments were calculated using the formula
(Gill and Vijayakumar, 1969). '
X-Y
Weed index (W) = -—-«——— x 100
Y
where X = yield obtained from the hand weeded treatment in g/ha

Y = yield obtained from respective treatments in g/ha
3.9 Chemical analysis

The samples of weeds and crops were dried separately in a hot air oven,



powdered well in wiley mill and analysed for N, P and K content.

The methods used for analysis were
1. Nitrogen - Microkjeldahl method (Jackson, 1973)

2. Phosphorus - Vanadomolybdophophoric yellow colour method -
Spectronic 20 (Jackson, 1973)

3. Potassium - Triple acid extract method, using flame photometer
(Jackson, 1973)

The analysis of weed and crop samples taken at 30, 60 DAS and harvest
were done. At harvest the analysis of crop was done separately for grain and straw.
The nitrogen, phosphorus and potassium removed by crop and weeds were calculat-
ed by multiplying the dry matter of the crop and weeds with the respective nutrient

content and expressed in kg/ha.
3.10 Statistical analysis

The data recorded for different characters were compiled and tabulated in
proper form and were subjected to analysis of variance (Panse and Sukhatme, 1978).
Subsequently standard errors were worked out. Wherever the ‘F’ tests were signifi-
cant, appropriate critical difference (C.D) were calculated to test the significance of

the treatment differences.

Analysis of variance for the data on weed population and weed dry
matter production were carried out after transforming the data to +/x+40.5 for those

with zero values and to /X for those without zero values.



The relative economics of different weed control operations were com-
pared by calculating the additional cost for the operation over and above the un-
weeded control. Benefit cost analysis pertaining to each treatment was also made.
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RESULTS AND DISCUSSION

The results of the two field experiments conducted to evaluate the joint ‘
formulation of anilofos (aniloguard) and 2,4-DEE for weed control in dry-sown
rice during 1993 and 1994 are presented and discussed in this chapter under the
following heads:

4.1 Studies on weed

4.1.1 Weed spectrum

4.1.2 Weed population

4.1.3 Dry matter production
4,14 Weed control efficiency
4.2 Studies on crop

4.2.1 Phytotoxicity

422 Growth characters
423 Yield attributes

424 Yield

4.3 Studies on nutrient uptake
43.1 Removal by weeds
4.3.2 Uptake by crop

4.4 Economics

4.1 Studies on weeds
4.1.1 Weed spectrum

The weed flora found in the experimental field during both the years



(1993 and 1994) are presented in Appendix Ia and Ib. Weeds that appeared in the
experimental field during 1993 were mainly of upland pature since the ﬁeld‘was
under vegetable cultivation during the previous summer season. The m..n weed
flora belonged to Poaceae family. The important among them were Cynodon dacty-
lon, Digitaria sanguinalis, Eleusine indica, Panicum repens and Dactyloctenium
aegyptium. Cyperaceae family ranked next comprising of Cyperus rotundus and
Cyperus iria. Cleome viscosa, Ageratum conyzoides and Euphorbia hirta were the

major dicot weeds.

During the second year the experiment was laid out in another plot which
was under bulk crop of rice during the previous season. Grasses and sedges consti-
tuted the major portion of the weed flora. Among the grasses Isachne miliaceae,
Saccolepis interrupta and Echinochloa colona and among sedges F‘fz)rystylis milia-
ceae and Cyperus iria were the major ones. Though broadleaved weeds were less,
Monochoria vaginalis predominated. Considerable reduction in the weed population

was noticed in the second year.

Irrespective of the stages, the proportion of grasses were higher than
sedges and broad leaved weeds. The observation that gdnssy weeds constitute the
major weed population in dry-sown rice was reported by Nair et al. (1979), Sudha-
kara and Nair (1986), Moody (1989) and Suja (1989). The presence of Cynodon
dactylon, Digitaria sp. and Eleusine indica were earlier reported by Cruz et al.
(1986) and Moody (1989). Jayasree (1987), Palaikudy (1989) and Varughese and
Pillai (1991) reported the presence of Isachne sp. and Saccelepis interrupta under

semi-dry conditions.

37



Predominance of sedges in rice fields was reported by Holm er al.
(1977), Cruz et al. (1986), Singh et al. (1987), Varughese and Pillai (1991) and
Chandrakar er al. (1993). The presence of Fimbrystylis miliaceae in rice had also
been observed by Nair et al. (1979), Kandaswamy and Palaniappan (1990) and
Chandrakar et al. (1993). Occurrence of Cleome viscosa in dry seeded rice was
noticed by Bhargavi and Reddy (1993).

4.1.2 Weed population

As different herbicides having pre-emergence to early post-emergence
action were included in the study, the herbicides in relation to the time of application
or the interaction effect of herbicides and time of application .- re projected and

discussed in the chapter.

In the second year of study no weeds were noticed in the first stage of

observation i.e., 15 DAS.
42.2.1 Grasses

The predominant grassy weed during the first year was Cynodon dacty-

lon whereas during the second year Isachne miliaceae dominated.
a) Cynodon dactylon (Tables 3 and 4)

Among the different herbicides tested, plots treated with butachlor @
1.25 kg a.i./ha recorded the lowest number of Cynodon dactylon at 15 and 60 DAS.
At 30 and 45 DAS the lowest weed count was noticed in those plots were 2,4-DEE @
0.6 kg a.i./ha and joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha were
applied. They were similar to butachlor application @ 1.25 kg ﬁ.i.lha at both the
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Table 3. Effect of herbicides and time of application on the population of
Cynodon dactylon* (plants/m?) (1993)

Treatments 15DAS 30DAS 45DAS 60 DAS
My {0 DAS) 2.55 4.17 4.22 4.37
M, (3 DAS) 3.39 4.12 4.36 4.14
M (6 DAS) 3.22 412 413 439
My (9 DAS) ) 3.96 441 4.15 4.47
SEm+ 0.050 “0.44 0.064 0.049
CD (0.05) C0.17 0.15 NS 017
T; Aanilofos + 2,4-DEE 3.89 412 451 455
{0.3 + 0.45 kg a.i/ha)
, T Joint formulation 3.51 4.68 4.45 431
(0.3 kg a.i/ha)
T3 Joint formulation . 2.92 4.35 3.96 4,52
(0.45 kg a.i/ba)
T4 Anilofos 0.3 kg a.i/ha 2.19 4.21 4.25 431
Ts Anilofos 0.45 kg a.i/ha 3.26 4.33 4.04 4.53
Tg 2.4-DEE 0.4 kg a.i/ha 4.02 4.12 4.27 4.37
T7 2,4-DEE.0.6 kg a.i/ha 3.27 3.83 422 427
Tg Butachlor 1.25 kg a.i/ha 2.57 3.99 4.03 3.90
s R o S T
uwcC 4.03 5.71 5.94 6.02
SEm;t ............................................. 01300086 ...... i 0077
CD (0.05) 0.37 024 021 0.22
Stages of observation Subplot
15 DAS Ts Ty T3 TS‘ Tq Tz Ty T6
30 DAS : T7 Ts TI Tﬁ T4 TS T3 T2
45 DAS T, Tg Ts T7 Ty Tg Tp T
60 DAS Tg T7 T Tq T T3 Ts T

* Transformed data: /% transformation



Table 4. Interaction effect of herbicides with time of application on the population
of Cynodon dactylon* (1993) (plants/m?)

Treatments 15 DAS 30 DAS 45 DAS 60 DAS
M Ty 2.78 3.98 3.71 472
My Ty 3.19 492 . 371 ©4.26
M, T3 3.44 4.8 4.19 4.76
M Ty 1.61 4.06 4.85 4.36
M| Ts 2.33 4.58 3.99 4.63
M Tg 3.36 408 4.35 4.29
M T, 2.08 3.44 4.71 4.10
M; Tg 1.61 3.50 4.18 4.23
M, T 5.20 4.01 5.77 4.61
My Ty 3.59 3.59 4.73 3.96
My Ty 2.75 4.89 3.93 4.35
My Ty 3.05 3.95 4.12 4.07
My Ts 2.84 4.2 3.69 4.25
My Tg 4.34 4.24 4.93 4.46
M, Tq 3.58 3.69 3.95 3.83
M, Tg LTS 3.99 3.73 3.84
Mg Ty 3.83 3.88 4.60 4.53
M3 T, 3.39 4.94 4.06 4.48
M3 T, 2.63 4.04 3.92 4.76
M3 Ty . 2.07 3.93 4.01 3.89
M3 T 3.68 3.72 4.38 4.54
M3 T 3.87 4.12 3.92 4.34
M3 T, 3.55 4.08 4.15 4.64
M3 Tg . 270 4.22 3.98 3.97
M,y Ty 3.78 4.62 3.96 4.33
M, T, 3.85 4.89 5.23 4.56
My T3 2.87 3.68 3.79 4.19
My Ty 4.41 4.90 4.03 4.89
My Ts 4.17 4.76 4.08 4.71
M, T 4.49 4.04 3.88 4.37
My T © 387 4.12 4.05 4.49
My Tg 4.20 4.29 4.21 3.57
SEm+ 0.260 0.172 0.145 0.154
CD (0.05) 0.74 0.48 0.41 0.4

*Transformed data: ~/x transformation
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stages. However hand weeded plots gave the lowest count at all stages except at 15
DAS and unweeded control recorded highest number of Cynodori dactylon.

Observation on the interaction effect of herbicides with the time of appli-
cation in almost all stages revealed that application of butachlor @ 1.25 kg a.i./ha
at 3 DAS was comparable with its application at 0 DAS, 2,4-DEE @ 0.6 kg a.i./ha
0 DAS and anilofos @ 0.45 kg a.i./ha 3 DAS with respect to the control of Cynodon
dactylon. Comparable values were also noticed in plots treated with joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS. Handweeding was superi-
or to the herbicides only at 30 and 45 DAS. This is because of the two weeding
operations given on 20th and 40th DAS.

b) Isachne miliaceae (Tables 5 and 6)

Of the different herbicides tested anilofos @ 0.45 kg a.i./ha was found to
be more effective in controlling Isachne miliaceae at all stages of observation. At 30
DAS it was comparable with butachlor @ 1.25 kg a.i./ha and tankmix application
of anilofos @ 0.3 kg a.i./ha and 2,4-DEE @ 0.45 kg a.i./ha, followed by its joint
formulation @ 0.3 kg a.i./ha. However, at 45 and 60 DAS effect of anilofos @ 0.45
kg a.i./ha was similar to joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha
and buatchlor @ 1.25 kg a.i./ha. Unweeded control recorded the highest population

of Isachne miliaceae at all stages.

»

On perusal of interaction effect of herbicides and time of application at
30 DAS tank mix application of anilofos @ 0.3 kg a.i./ba and 2,4-DEE @ 0.45 kg
a.i./ba at 3 and 6 DAS, its joint formulation @ 0.3 kg a.i./ha at 6 and 9 DAS,
butachlor @ 1.25 kg a.i./ha at 0 and 3 DAS, anilofos @ 0.45 kg a.i./ha at 3 and 6



Table 5. Effect of herbicides and time of application on the population of
Isachne miliaceae* (plants/m?) (1994)

Treatments 30 DAS 45 DAS 60 DAS
M; (0 DAS) 2.28 2.83 3.02
M; (3 DAS) 1.77 1.86 2.36
M3 (6 DAS) 161 204 239
M4 (9 DAS) 2.07 2.11 2.44
SEm+ 0.056 0.111 0.110
CD (0.05) 0.19 0.383 0.38
Ty Anilofos + 2,4-DEE 1.20 2.47 2.91
(0.3 + 0.45 kg a.i/ha)
Ty Joint formulation 1.43 1.31 1.87
(0.3 kg a.i/ha)
Ty Joint formulation 1.69 1.91 2.16
(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 1.64 1.86 2.41
Ts5 Anilofos 0.45 kg a.i/ha 0.92 1.28 1.58
Te 2,4-DEE 0.4 kg a.itha 3.54 3.4 3.85
T4 2,4-DEE 0.6 kg a.i/ha 3.4 3.67 3.79
Tg Butachlor 1.25 kg a.i/ha 0.99 1.53 1.87
e g T
UWC 4.86 6.82 7.42
SEm+0105 ...... TR
CD (0.03) 0.297 0.56 0.48
Stages of observation Subplot
30 DAS Ts Ty Ty Tp Ty T3 T7 Tg
45 DAS- Ts T Tg T4 T3 Ty Te Ty
60 DAS : Ts T, g T3 T4 Ty T7 Te

* Transformed data: +/x + 0.3 transformation



Table 6. Interaction effect of herbicides with time of application on the population
of Isachne miliaceac* (1994): Plants/m?

Treatments ~ 30DaAS 45 DAS * 60 DAS
M) Ty 2.39 3.06 3.37
M; T, 2.65 2.65 2.97
M Ty 2.65 3.12 3.22
M| Ty 2.26 2.92 3.20
M, T 0.71 1.18 1.67
M; Tg 3.80 3.54 3.75
M Ty 3.08 4.06 431
M Tg 0.71 2.12 1.69
My Ty 0.71 2.06 2.63
M, T, 1.65 1.18 1.89
M, T3 1.94 2.18 2.25
My Ty 1.65 1.44 2.33
M, T ' 0.71 1.32 1.58
M, T¢ ’ 4.06 3.71 3.59
My T 2.70 3.25 3.34
M; Tg 0.71 0.71 1.28
M3 Ty 0.71 . 239 2.90
M3 T, 0.71 0.71 1.46
M3 T3 1.18 1.18 1.7
M3 T, 0.71 1.18 1.72
Mj T 0.71 0.71 1.40
M3 Tg 3.23 3.37 3.6
M3 Ty 3.80 4.06 4.41
M3 Tg 1.86 2.12 1.94
My Ty 0.99 2.39 2.76
My Ty 0.71 0.71 1.16
My Ty 0.99 1.18 1.45
My Ty 1.94 1.91 2.38
My Ts 1.57 1.91 1.67
M, Tg 3.08 4.29 4.47
My T 4.17 3.33 3.09
My Tg 3.08 1.17 2.56
SEm 0.209 0.394 0.339
CD (0.05) 0.59 111 0.96

*Transformed data :+/x+0.5 transformation
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DAS and anilofos @ 0.3 kg a.i./ha at 6 DAS gave nil values for Isachne miliaceae.
In the subsequent stages also joint formulation of anilofos and 2,4-DEE @ 0.3 kg
a.i./ha at 6 and 9 DAS gave the 1dwest count of Isachne miliaceae. Butachlor @
1.25 kg a.i./ha at 3 DAS was also similar to these formulation at all the stages.

Irrespective of the stages these herbicides were superior to hand weeding.
¢) Total grass weed population (Tables 7, 8a and 8b)

During the first year the effect of herbicides on total grass weed popula-
tion was significant at 15 DAS only. Plots treated with butachlor @ 1.25 kg a.i./ha
gave lesser number of weeds and was found to be comparable with anilofos @ 0.3

kg a.i./ha and joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha.

In the second year of study anilofos @ 0.45 kg a.i./ha recorded the
lowest count at 30 DAS and was similar to the application of butachlor @ 1.25 kg
a.i./ha followed by joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha and
@ 0.45 kg a.i./ha. Herbicides butachlor @ 1.25 kg a.i./ha, anilofos @ 0.45 kg
a.i./ha and joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ka were¢ found
to be equally effective at 45 DAS. At 60 DAS grass weeds were lowest in the plots
treated with butachlor @ 1.25 kg a.i./ha, followed by higher and lower doses of the
joint formulation of anilofos and 2,4-DEE i.e. 0.45 kg a.i./ha and 0.3 kg a.i./ha.

During the first year of study interaction effect of herbicides and time of
application was significant only at 15 and 45 DAS. At both these stages butachlor @
1.25 kg a.i./ha 3 DAS was effective in controlling grasses. At 45 DAS joint formu-
lation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS also gave comparable

values in controlling grasses.
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Table 7. Effect of herbicides and time of application on the total grass weed
population* (plants/m?)

Treatments 15 DAS 30 DAS 45 DAS 60 DAS
1993 1993 1994 1993 1994 1993 1994
M, (0 DAS) 354 524 3.06 5.67 3.71 6.65 3.99
M, (3 DAS) 440 5.18 2.94 556 3.51 636 3.6l
Mj (6 DAS) 416 5.17 2.58 537 3.62 6.54 3.63
My (9 DAS) 508 549 2.76 5.46 3.55 6.75 3.57
SEm+ 0.134 0.037 0.038 0.114 0.041 0.185 0.056
CD (0.05) 046 0.13 0.13 NS NS NS 0.19
TI Anilofos + 2,4-DEE 482 5.11 3.09 568 3.52 691 3.93
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 4.66 5.65 2.59 572 333 664 3.15
(0.3 kg a.i/ha)
Ts Joint formulation 388 5.16 2.62 536 2.99 668 3.24
(0.45 kg a.i/ba)
Ty Anilofos 0.3 kg a.itha 379 533 274 5.54 346 6.48 3.66
Ts Anilofos 0.45 kg a.i/ha 427 5.11 166 534 291 648 344
T6 2,4-DEE 0.4 kg a.i/ha 511 5.41 421 545 436 6.81 4.86
T, 2,4-DEE 0.6 kg a.i/ha 429 5.11 3.90 550 548 6.39 479
Tg Butachlor 1.25 kg a.i/ha 356 532 1.84 552 2.74 621 254
HW513321120532160650230 ......
uwcC 10.08 10.42 4.36 11.04 6.32 12.13 6.92
SEmi ................................... 01690 i ; 0113 . Neh 0138 0159 P
CD (0.05) 048 NS 032 NS 039 NS 0.26
Stages of observation Subplot
1993 1994
15 DAS TgT4 T3 Ts T T2 Ty Tg —
30 DAS NS ToTg T, T3 T4 Ty T7 Tg
45 DAS NS Ts T;S__, T3 T2 T4 Tl T6 Tr]
60 DAS NS Tg T T3 T5 T4 Ty T Tg .

* Transformed data : </ transformation



Table 8a. Interaction effect of herbicides with time of application on the total
grass weed population* (1993). Plants/m*

Treatments 15 DAS 45 DAS
M| Ty 3.81 5.25
M; T 4.27 5.27
M; Ty 4.29 5.89
M; Ty 2.42 6.22
M; T 3.42 5.61
M; Tg 4.21 5.25
Mj Ty 322 5.62
M; Tg 2.67 6.21
M, Ty 6.15 6.83
My Ty 4.61 5.89
My T3 3.78 5.16
My Ty 3.89 5.39
My Ts 4.04 4.89
M, Tg 5.85 6.13
My Ty 4.66 5.23
My Tg 2.28 4.95
M3 Ty 4.57 5.47
M3 T, 4.67 5.46
M3 Ty - 3.69 5.21
M3 Ty 3.22 5.22
M3 Ts 4.44 5.47
M3 T 4.78 5.09
Mg Ty 4.38 5.70
M3 Tg ' 3.58 5.33
My T, 4,76 5.16
My T, 5.08 6.24
My T3 3.75 5.15
My Ty 5.65 5.33
My Ts 5.20 5.39
My Tg 5.61 5.35
My Ty ' 4.91 5.45
My Tg 5.69 5.59
SEm+ 0.339 0.234
Cd (0.05) 0.96 0.66

* Transformed data : -/x transformation



Table 8b. Interaction effect of herbicides with time of application on the total
grass weed population* (1994). Plants/m?

Treatments 30 DAS 45 DAS 60 DAS
M T 2.76 3.82 4.39
M| T, 378 . 382 3.57
My T3 3.82 3.62 4.18
M; Ty 2.76 3.97 4.39
M; Ts 1.80 2.28 3.07
M; Tg 424 4.89 4.94
M Ty 3.60 4.88 5.01
M; Tg - 171 2.42 2.38
My T _ 3.25 3.69 3.80
M, T, 2.66 3.25 3.25
M, T3 3.05 3.22 3.42
My'T, 2.76 3.03 3.48
My Ts 2.00 3.22 3.45
M, Tg 4.00 4.35 485
My Ty 3.60 4.89 4.57
My Tg 2.22 2.42 2.08
M3 T, 2.55 4.27 4.19
M3 T, 1.67 3.22 2.72
M3 T3 2.15 2.83 2.1
M3 T4 3.15 3.22 2.49
M3 Ts 1.27 3.21 3.69
My Tg 4.24 3.43 4.52
M3 Ty 3.85 5.65 4.96
M3 Tg 171 3.13 2.72
My T 3.82 2.28 3.35
M, Ty 2.28 3.03 3.06
M4 T3 1.47 2.27 2.59
M,y Ty 2.30 3.62 3.28
M4 Ts 1.58 2.90 3.56
M, Tg 435 4.78 5.13
M, Ty 4.54 6.50 4.61
My Tg 1.71 2.99 3.00
SEmz: 0.226 0.276 0.186
CD(0.05) 0.64 0.78 0.53

* Transformed data: +/x transformation



In the second year also butachlor @ 1.25 kg a.i./ha applied at 0 or 3
DAS and joint formulation of anilofos and 2,4-DEE @ 0.45 a.i./ha at 9 DAS were

comparable in bringing down the total grass population.

Effectiveness of butachlor against grasses was reported earlier by Pande
(1982), KAU (1986) and Rao and Rao (1990). Munegowda et al. (1990), Chandra-
kar et al. (1993) etc. reported the efficiency of anilofos in controlling grasses. The
beneficial effect of mixture of anilofos and 2,4-DEE in reducing grass weed popula-
tion was reported earlier by Pamplona and Evangelista (1981), Langeludukke er al.
(1981), Syriac et al. (1993) and Sreedevi and Thomas (1993).

4.1.2.2  Sedges

Cyperus rotundus was the major sedge during the first year whereas in
the second year Fimbrystylis miliaceae dominated. No other sedges were noticed in

the experimental field.
a) Cyperus rotundus (Tables 9 and 10)

Amnong the herbicides joint formulation of anilofos and 2,4-DEE @ 0.45
kg a.i./ha gave lowest count of Cyperus romundus at all stages except at 45 DAS.
Tank mix application of anilofos @ 0.3 kg a.i./ha and 2,4-DEE @ 0.45 kg a.i./ha
gave the lowest population of Cyperus rotundus at 45 DAS and was comparable
with its joint formulation @ 0.45 kg a.i./ha.

Interaction effect of herbicides and time of application at 15 DAS re-
vealed lowest count for Cyperus rotundus in plots treated with 2,4-DEE @ 0.6 kg
a.i./ha at 6 DAS followed by the tank mix application of anilofos and 2,4-DEE and
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Table 9. Effect of herbicides and time of application on the population of
Cyperus sp.* (plants/m?) (1993)

15 DAS

30 DAS

45 DAS

60 DAS

T3 Ty T, Tq Te T4 TS Tg

Ty Tg Tp Ty Ty Ty Ts Tg

Ty T3 Tg Tp T3 Tg T4 Ts

Ty Tp Ty Tg Tg T4 Ts Tg

*Transformed data : +/x transformation

Treatments 15 DAS 30DAS 45 DAS 60 DAS
"M (0 DAS) 7.71 8.23 7.28 4.99
M, (3 DAS) 7.30 8.72 7.65 5.18
Mgz (6 DAS) 6.82 7.72 7.04 5.28
My (9 DAS) 7.21 7.18 6.63 4.39
SEm+ 0.139 0.285 0.224 0.343
CD (0.05) 0.48 0.99 NS NS
T, Anilofos + 2,4-DEE 6.49 764 623 476
(0.3 + 0.45 kg a.i’ha)
To Joint formulation 6.75 7.61 6.88 471
(0.3 kg a.ifha)
T4 Joint formulation 6.15 6.85 6.43 4.24
(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 8.06 B.72 7.88 5.25
Ts Anilofos 0.45 kg a.i/ha 8.25 8.79 7.99 5.39
T6 2,4-DEE 0.4 kg a.itha 7.22 7.52 6.78 4.92
Ty 2,4-DEE 0.6 kg a.i/ha 6.94 762  7.46 4.71
Tg Butachlor 1.25 kg a.i/ha B.34 8.94 7.54 5.64
HW547 ......... T 317316 .....
uwcC 0.46 9.97 9.99 6.74
SEm:t ............................................. 02800300 ...... ST 0216
CD (0.05) 0.79 0.85 0.77 0.61
Stages of observation Subplot
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Table 10. Interaction effect of herbicides with time of application on the
population of Cyperus sp.* (1993) (plants/m?)

Treatments 15 DAS 30 DAS 60 DAS
M; T, 7.55 8.37 4.38
M T, 6.71 7.32 5.29
My Ty 6.12 7.14 4.15
M T4 6.73 8.48 4.98
M, Ts 8.44 8.50 5.02
M; Tg 10.44 9.1 6.17
M; Ty 7.19 8.19 4.41
M Tg 8.51 8.74 5.52
My Ty 7.08 8.68 5.03
My T, 6.57 7.97 3.95
My T3 6.15 8.49 4.15
My Ty 9.76 8.93 5.89
My Ts 7.54 8.98 5.87
M, Tg 6.49 8.20 4.81
My Ty 8.39 9.21 6.08
M; Tg 642 9.29 5.63
M3 Ty 5.88 7.87 5.42
M3 T, 135 8.29 4.46
My Ty 6.22 5.61 4.71
Mj T4 : 7.15 .61 5.69
M3 Ts 7.62 8.65 5.77
My T 5.42 7.21 5.09
M3 Ty 5.55 6.69 4.25
My Tg 9.37 . 874 6.83
My Ty 5.46 5.66 4.21
M, T, 6.38 6.83 5.11
My T; 609 *  6.16 3.94
My Ty 8.59 8.86 4.43
My Ts 9.38 9.03 4.92
M, Tg 6.51 5.51 3.59
M4 Ty 6.64 6.37 4.35
M, Tg 9.05 9.02 4.60
SEm 0.561 0.600 - 0.432
CD(0.05) 1.59 1.69 1.22

*Transformed data: ./x transformation



hand weeding. Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 3, 6
and 9 DAS and butachlor @ 1.25 a.i./ha at 3 DAS also gave comparable values. At
30 DAS though hand weeding was superior to herbicides joint formulation of anilo -
fos and 2,4-DEE @ 0.45 kg a.i./ha at 6 and 9 DAS gave comparatively better
control over Cyperus rotundus. However at 60 DAS hand weeding and both the
doses of joint formulation of anilofos and 2,4-DEE i.e. 0.3 and 0.45 kg a.i./ha at
the later stages of application gave comparable values with respect to population of
Cyperus rotundus. |

b) Fimbrystylis miliaceae (Tables 11 and 12)

At 30 DAS butachlor @ 1.25 kg a.i./ha was superior to other herbicides
followed by anilofos @ 0.45 kg a.i./ha. Joint formulation of anilofos and 2,4-DEE
@ 0.45 kg a.i./ha recorded the lowest number of Fimbrystylis miliaceae at 45 DAS
and was comparable with butachlor @ 1.25 kg a.i./ha, 2,4-DEE @ 0.4 kg a.i./ha
and anilofos @ 0.45 kg a.i./ha. At 60 DAS :ioint formulation of anilofos and 2,4-
DEE @ 0.45 kg a.i./ha was similar to butachlor @ 1.25 a.i./ha which gave the

lowest weed count.

With respect to the interaction effect of herbicides and time of applica-
tion at 30 DAS, joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 9
DAS and butachlor @ 1.25 kg a.i./ha at 0,3 and 6 DAS gave nil values for Fimbrys-
tylis miliaceae. All these treatments were found to be superior to hand weeding.
However at 45 DAS, higher dose of the joint formulation of anilofos and 2,4-DEE
i.e. 0.45 kg a.i./ha at 9 DAS registered the lowest number of Fimbrystylis milia.ceae
and was comparable with 2,4-DEE @ 0.4 kg a.i./ha at 0 DAS, butachlor @ 1.25 kg
a.i./ha at 3 and 6 DAS and hand weeding. Butachlor @ 1.25 kg a.i./ha at 0 DAS

o



Table 11. Effect of herbicides and time of application on the population of
Fimbrystylis miliaceae* (plants/m?) (1994)

Treatments 30 DAS 45DAS 60DAS
M; (0 DAS) 2.67 3.01 3.04
M, (3 DAS) 2.32 338 3.33
M, (6 DAS) 191 3.05 3.14
M, (9 DAS) 2.06 2.85 3.00
SEm+t 0.157  0.082 0.08
CD (0.05) 0.54 0.28 NS
T; Anilofos + 2,4-DEE 2.26 3.63 3.69
(0.3 + 0.45 kg a.i/ha) .
T, Joint formulation 1238 339 3.23
(0.3 kg a.i/ha) ' .
T3 Joint formulation 2.56 2.62 2.58
(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 332 3.62 3.58
Ts Anilofos 0.45 kg a.i/ha 1.59 2.89 2.19
Tg 2,4-DEE 0.4 kg a.i/ha 231 2.81 3.32
T; 2,4-DEE 0.5 kg a.i/ha 2.63 3.37 3.54
Tg Butachlor 1.25 kg a.itha 0.89 273 . 229
HWZOO ....... 208 ........ S
uwcC 3.96 4.74 4,97
SEmi eeraesmmecnesanrnne 0182 0 o o 128
CD (0.05) . 0.52 0.55 0.36
Stapes of observation Subplot
30 DAS T8 Ts Ty Tg Ty T3 T7 T4
45 DAS T3 Tg Tg T5 T7 Tp T4 T
60 DAS Tg T3 T5 Ty Tg T7 T4 Ty

*Transformed data: +/x + 0.5 transformation
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Table 12. Interaction effect of herbicides with time of application on the
population of Fimbrystylis miliaceae* (1994) (plants/m?)

Treatments 30 DAS 45 DAS 60 DAS
M; T 3.68 3.79 3.93
M T, 3.50 3.50 3.11
M; Ty B 57 2.65 2.14
M| T, 3.12 3.38 3.14
M; Ts 1.32 2.92 3.06
M Tg 2.53 1.91 2.78
M) Ty 3.37 3.19 3.29
M, Tg 0.71 2.74 2.86
M, Ty ‘ 2.39 3.97 3.63
M, T, 2.92 3.87 3.66
My Ty 2.86 3.54 3.38
My Ty 3.12 371 3.65
M, Ts 2.49 3.33 3.22
M, Tg 2.16 2.92 3.10
M, Ty 1.91 3.80 3.71
My Tg 0.71 1.91 2.29
M3 T 1.18 3.24 3.49
M3 T, 2.39 3.33 13.39
M3 Ty | 2.79 2.39 2.14
M3 Ty 3.61 3.50 3.67
Mj Tg 0.99 3.12 3.09
M3 Tg 1.91 3.54 3.81
M3 Ty 171 3.39 3.83
M3 Tg 0.71 191 . 169
My Ty 1.79 3.50 3.69
My T, 0.71 2.86 2.74
M, Ty 1.47 1.91 2.68
M, Ty 3.43 3.89 3.85
M, Ty 1.56 2.18 1.81
M, Tg 2.53 2.86 3.61
My Ty 3.50 3.08 3.31
M, Tg . 1.47 253 - 2.33
SEms: 0.364 0.391 0.256
CD (0.05) 1.03 1.11 0.72

* Transformed data: +/x + 0.5 transformation



gave the lowest weed count at 60 DAS and was similar to anilofos application @
0.45 kg a.i./ha at 9 DAS and joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 6 DAS.

In general, joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha
and butachlor @ 1.25 kg a.i./ha were equally effective in reducing the population of
sedges in dry seeded rice. Effective control of sedges by the application of mixture
of anilofos and 2,4-DEE was reported earlier by Pamplona and Evangelista (1981)
and Ali and Rajan (1985). Joseph et al. (1990) and Robinson and Selvaraj (1991)

reported the efficiency of butachlor in controlling sedges under semi-dry conditions.
4.1.2.3  Broad leaved weeds (Tables 13, 14a and 14b)

During the first year significant difference between herbicides was
observed only at the initial stages of observation. Both the doses of the joint formu-
lation i.e. 0.3 and 0.45 kg a.i./ha and butachlor @ 1.25 kg a.i./ha were found
equally effective in reducing broad leaved weeds whereas, in the second year butach-

lor @ 1.25 kg a.i./ha was superior to other herbicides.

Observation on the interaction effect of herbicides and time of applica-
tion in almost all stages revealed that butachlor @ 1.25 kg a.i./ha at 0, 3 and 6
DAS, tank mix application of anilofos @ 0.3 kg a.i./ha and 2,4-DEE @ 0.45 kg
a.i./ha at 9 DAS and higher dose of joint formulation of anilofos and 2,4-DEE i.e.
0.45 kg a.i./ha at 9 DAS were equally effective in controlling broad leaved weeds.
Hand weeding was superior to herbicidal treatments only during the first year, that
too at 45 DAS.
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Table 13. Effect of herbicides and time of application on the population of
broad leaves weeds* (plants/m?)

Treatments 15 DAS 30 DAS 45 DAS 60 DAS
1993 1993 1993 1994 1993 1994
M; (0 DAS) 337 399 487 382 636 4.11
M, (3 DAS) 376 3.30 499 328 581 379
M3 (6 DAS) 353 323 499 344 534 3.8
M4 (9 DAS) 323 312 529 3.02 572 3359
SEm+ 0.139 0.181 0.125 0.086 0.279 0.058
CD (0.05) NS NS NS 0.29 NS 0.20-
Tq Anilofos + 2,4-DEE 338 3.37 565 361 604 400
(0.3 + 0.45 kg a.i/ha)
Ty Joint formulation 301 359 471 3.87 571 427
(0.3 kg a.ifha)
T3 Joint formulation 293 351 486 3.67 554 4.12
(0.45 kg a.i/ha) -
T4 Anilofos 0.3 kg a.i/ha 359 3.69 529 378 6.00 4.19
T5 Anilofos (.45 kg a.i/ha 456 327 5.09 3.19 606 3.62
Tg 2,4-DEE 0.4 kg a.i/ha 3.58 3.62 477 3.17 6.11 3.55
T 2,4-DEE 0.6 kg a.i/ba 357 324 511 3.4 546 3.62
Tg Butachlor 1.25 kg a.i/ha 3.16 299 4.8 267 555 324
HW .......................................... 383164327200301346
UwC 58 496 636 430 739 4.83
SEm+ ....................................... 0 21902150155014301890091
CD (0.05) 0.62 NS 044 0.40 NS 026
Stages of observation Subplot
1993 1994
15 DAS T3 T2 TB Tl T’, T6 T4 Ts --=
30 DAS NS —
45 DAS Ty Tg Tg Ty Ts Ty T4 T Tg T7 Tg Ts Ty Tg Ty T2
60 DAS NS Ty Tg Ts Ty Ty T3 T4 T2

* Transformed data : /x transformation



Table 14a. Interaction effect of herbicides with time of application on the
population of broad leaved weeds* (1993) (plants/m?)

Treatments 15 DAS 30 DAS 45 DAS
M; T 3.81 421 512
M, T, 3.03 3.32 4.84
M; T3 2.79 4.56 5.45
M; T, 432 4.89 4.68
M, Ts 3.04 3.47 4.57
M, T 3.18 3.48 4.46
M| Ty 3.67 4.34 4.86
M, Tg 3.16 363 . 495
My Ty 3.43 - 3.73 6.13
M, T, 2.97 3.95 4.93
M, Ty 341 2.83 4.50
M,y Ty 3.61 3.21 4.37
M, Ts 7.33 2.99 5.16
M, Tg 3.47 3.44 4.78
My Ty 3.25 '3.10 5.62
M, Tg 2.58 3.16 4.62
M3 T; 355 324 5.21
M3 T, 3.07 3.07 a4
M; T; 2.86 4.01 5.08
Mj Ty 3.23 2.93 5.62
M3 Ts 4.54 3.55 5.15
My Tg 3.76 3.83 4.55
M; Ty 4.00 2.87 4.88
M3 Tg 3.25 2.31 4.96
M, Ty 2.75 2.29 6.13
My T, 2.96 4.03 4.61
My Ty 2.66 2.64 4.39
My T, 3.19 3.74 6.47
My Ts 3.33 3.05 5.49
My Tg 3.92 3.73 5.29
M, T, - 3.37 2.65 5.09
M, Tg 3.66 2.88 4.15
SEm: 0.437 0.430 0.310
CD (0.05) 124 1.22 0.88

* Transformed data: +/x transformation
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Table 14b. Interaction effect of herbicides with time of application on the
population of broad leaved weeds* (1994) (plants/m?)

Treatments 45 DAS 60 DAS
M; Ty 3.52 3.92
M; T, 4.66 4.98
M| Ty 5.16 5.44
Mj Ty 4.16 4.49
M; Ts 3.68 4.11
M| Tg 2.83 3.08
M| Ty 3.31 3.63
M; Tg 3.19 3.25
M, T; 3.97 - 426
M; T, 3.77 426
M, T3 3.25 3.73
Mj Ty 3.43 3.81
M; Ts 2.76 3.20
M, Tg 3.59 4.01
M; Ty 3.31 3.65
M; Tg 2.23 3.39
M3 Ty 3.52 3.90
M3 T, 3.82 4.18
M3 T3 3.73 4.07
M3 Ty 4.16 4.48
M3 Ty 3.43 3.76
M3 Tg 3.12 3.57
M3 Ty 3.31 3.59
M3 Tg 2.43 3.00
My Ty 3.43 3.94
My T, 3.25 3.66
My T3 T 255 3.26
My Ty 3.38 3.96
My Ts 2.91 3.42
My T 3.15 355
My Ty 2.63 3.61
My Tg 2.83 3.33
SEm+ 0.285 0.182
CD (0.05) 0.81 0.52

* Transformed data: </x transformation



The effectiveness of butachlor in reducing broad leaved weed =~ was
reported earlier by Nair er al. (1979), Sreedevi (1979) and KAU (1984). The supe-
riority of the mixture of anilofos and 2,4-DEE in checking broadleaved weeds was
reported by Jayakumar (1991) and Radhamani (1994).

4.1.2.4  Total weed population (Tables 15, 16a and 16b)

During the first year of study, higher dose of the joint formulation of
anilofos and 2,4-DEE i.e. 0.45 kg a.i./ha recorded the lowest count of weeds at all
stages except at 45 DAS. At 45 DAS, 2,4-DEE @ 0.4 kg a.i./ha registered the
lowest total weed population. It was comparable with the higher dose of joint formu-
Iation of anilofos and 2,4-DEE i.e. 0.45 kg a.i./ha.

In the second year butachlor @ 1.25 kg a.i./ha, anilofos @ 0.45 kg
a.i./ha and joint formulation of anilofos and 2,4-DEE @ 0.45 and 0.3 kg a.i./ha

were more effective in reducing total weed population.

During the first year, the interaction effect of herbicides and time of
application revealed the superiority of higher dose of the joint formulation of anilo-
fos and 2,4-DEE at 9 DAS. However in the second year, irrespective of the time of
application butachlor @ 1.25 kg a.i./ha registered the lowest total weed population,
comparable and closely followed by the higher dose of joint formulation of anilofos
and 2,4-DEE at 9 DAS.

The above results clearly indicate the added efficiency of herbicides
when applied in combination rather than its singular application with respect to
broad spectrum control of weeds. Similar results was reported earlier by Langluduke

a8



Table 15. Effect of hcrblc:des and time of application on the total weed
population* (plants/m?)

45 DAS

Treatments 15 DAS 30 DAS 60 DAS
1993 1993 1994 1993 1994 1993 1994
' M, (0 DAS) 921 10.66 4.26 10.28 6.33 10.47 6.76
M, (3 DAS) 9.22 10.75 3.92 10.77 5.92 10.16 6.41
M3 (6 DAS) 8.77 9.93 3.31 10.21 6.05 9.97 6.39
M4 (9 DAS) 9.50 9.67 3.49 10.23 5.73 10.02 5.99
SEm+ 0.189 0.245 0.124 0.191 0.062 0.252 0.0‘37
CD (0.05) NS NS 043 NS 022 NS 0.30
Tl Anilofos + 2,4-DEE 8.14 9,94 4.12 10.18 6.49 10.41 6.89
(0.3 + 0.45 kg a.itha)
Ty Joint formulation 874 10.22 3.71 10.16 6.06 10.02 6.35
(0.3 kg a.i/ha)
T3 Joint formulation 793 939365 982579 9.716.09
(0.45 kg a.i/ha)
Ty Anilofos 0.3 kg a.i/ha 9.79 10.93 4.35 11.10 6.20 10.35 6.78
Tg Anilofos 0.45 kg a.i/ha 10.56 10.77 2.57 10.95 5.40 10.39 5.89
Te 2,4-DEE 0.4 kg a.i/ha 9.53 10.05 4.82 9.78 6.26 10.39 7.05
T 2 4-DEE 0.6 kg a.i/ha 8.98 9.83 4.88 10.38 7.18 9.73 7.11
TS Butachlor 1.25 kg a.i/ha 975 10.90 1.86 10.61 4.69 10.24 4.96
Hw ...................................... 1 443 ..... 7 7637311764921332731
UwC 23.36 24.35 9.82 26.39 14.86 26. 26 16.54
SEmi ................................... 0303 02340129 0 23701290 1610096
CD (0.05) 0.86 0.66 037 0.67 037 0.46 0.27
Stages of observation Subplot
1993 1994
15 DAS Tg T Tz Tq T6 Tg T4 Ts -
45 DAS T6 T3 T2T1 T7 Ts T5 Ty Tg TS T3 T2T4T6T1 T7
60 DAS T3 T'] Ty TB Ty T5 T6 T Ty TS T3 Ty T4_ Ty T6 T

* Transformed data: »/x transformation



Table 16a. Interaction effect of herbicides with time of application on the total
weed population* (1993) (planlslm’)

Treatments 15 DAS 30 DAS
M| Ty 9.30 10.65
M T, 8.34 10.08
M T; 8.07 10.17
My Ty 8.73 11.17
My Ts 9.65 10.74
M Tg 11.42 11.12
M| T, 8.76 10.43
M, Tg 9.38 10.90
My T; 7.65 10.88
M, Ty 8.58 10.33
My Ty 8.10 10.67
My T, 11.16 10.93
My Ts 11.41 10.67
M, T 9.23 1041
M, T4 10.16 10.91
M, Tg 7.49 11.20
M3 T 8.09 9.85
M; T, 9.29 10.56
Mj Ty 7.81 8.54
M3 T4 8.60 10.41
Mg Ts 9.87 10.57
M3 Tg 7.99 9.93
M3 Ty 7.97 9.15
Mj Tg 10.57 10.40
MyT; - 7.54 8.37
M, T, : ‘ 8.75 9.93
My Ty 7.73 8.19
My Ty 10.65 11.19
M,y Ts . 11.30 11.08
M, Tg 9.48 8.69
My T7 9.00 8.81
M,y Tg 11.57 11.09
SEm+ 0.606 0.468
CD(0.05) 1.72 1.33

* Transformed data: +/x transformation



Table 16b. Interaction effect of herbicides with time of application on the total
weed population* (1994) (plants/m?)

Treatments 30 DAS 45 DAS 60 DAS
M| Ty 4.62 643 7.21
M| T, 5.35 7.09 - 7.00
M T3 4.96 7.21 7.30
M| T, 4.12 6.82 7.7
Mj Ts 3.51 546 6.11
M T 4.88 6.48 6.72
M| T, 4.89 6.47 7.16
M Tg 171 4.68 5.42
My Ty | 4.64 6.94 6.99
M, T, 3.90 598 6.61
M, T3 4.19 5.40 6.28
My T, 4.45 5.74 6.45
My T 3.29 5.28 5.82
M, T 4.66 6.32 7.14
My T, 4.24 . 699 7.07
M, Tg , 2.00 4.68 4.89
M3 Ty 2.76 6.87 6.88
M3 T, 2.84 5.76 6.19
M3T3 . 3.46 5.48 5.65
M3 T, 4.61 6.52 6.96
M3 T 1.76 5.65 6.29
M3 Tg 4.66 5.82 7.02
M3 T, 4.66 7.61 7.36
M3 Tg 1.1 4.68 4.82
My Ty ' 4.46 5.71 6.48
My T, _ 2.76 5.39 5.58
My Ty T 199 5.08 5.12
My Ty 4.24 5.74 6.56
My Ts 1.7 5.22 5.35
M, Tg 5.09 6.40 7.31
M4 T, 5.74 7.65 6.84
My Tg 2.00 4.69 4.72
, SEmt 0.258 0.259 0.193
CD (0.05) 0.73 0.74 0.55

* Transformed data: fx transformation



et al. (1981), Pamplona and Evangelista (1981), Ali and Rajan (1985), Vidhya
(1991), Jayakumar and Sree Ramalu (1992) and Sreedevi and Thomas (1993). Misra
et al. (1988) and Robinson and Selvaraj (1991) reported effective control of annual

weeds by butachlor.
4.1.3 Dry matter accumulation of weeds (Tables 17, 18a and 18b)

Herbicide application significantly influenced the dry matter accumula-
tion of weeds at all stages of observation in both the years. In the first year of study
application of joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha gave the
lowest value for drymatter accumulation at 30 and 60 DAS followed by its tank mix

application.

During the second year, dry matter accumulation was aimost nil in most
of the herbicide treated plots at 30 DAS. In the second year, anilofos @ 0.45 kg
a.i./ha, butachlor @ 1.25 kg a.i./ha and tank mix application of anilofos and 2,4-
DEE were found to be equally effective in reducing weed dry matter at 60 DAS and
at harvest. Though the lower dose of joint formulation of anilofos and 2,4-DEE @
0.3 kg a.i./ha was comparable with the above treatments at harvest, it gave slightly
lower value at 60 DAS. However at both the stages the lower dose and higher dose

of joint formulation of anilofos and 2,4-DEE were comparable.

In general, weed drymatter accumulation was more during the first year.
This might be because of the slighly elevated nature of the field which ultimately led

to improper flooding after one month.

The interaction effect of herbicides with time of application revealed that
during the first year, at 30 DAS, joint formulation of anilofos and 2,4-DEE @ 0.45
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Table 17. Effect of herbicides and time of application on the drymatter
accumulation of weeds (g/m?)

Treatments 30 DAS 60 DAS Harvest
1993 1993 1994* 1994+*
M (0 DAS) 62.21 73.46 3.16(9.48) 6.47 (41.86)
M, (3 DAS) 6038 7937 2.18(4.25) 5.65(31.92)
M3 (6 DAS) 53.25 81.80 2.30(4.79) 5.62(31.58)
M, (9 DAS) 50.38 77.88 1.93(3.22) 5.52(30.47)
SEm+ 1.926 2.87 0.121 0.138
CD (0.05) 6.69 NS 042 0.48
Ty Anilofos + 2,4-DEE 4533 75.00 2.21(4.38) 5.58(31.14)
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 49.83 79.83 2.54(5.95) 5.69(32.38)
(0.3 kg a.i/ha)
Tz Joint formulation 33.33 6392 2.57(6.10) 5.93(35.16)
(0.45 kg a.i/ha)
T4 Arilofos 0.3 kg a.i/ha 83.33 7233 2.31(4.84) 5.75(33.06)
Ts Anilofos 0.45 kg a.i/ha 83.33 80.00 1.79(2.70) 5.06(25.60)
Tg 2,4-DEE 0.4 kg a.i/ha 56.67 78.00 3.09(9.05) 6.46 (41.73)
T7 2,4-DEE 0.6 kg a.i/ha 53.58 88.83 2.76(7.12) 7.00(49.00)
Tg Butachlor 1.25 kg a.i/ha 46,50 87.17 1.89 (3.0 5.02 (25.20)
HW ...................................... 400 ..... 46 00 ..... 2 37 (512) ..... 590 . ( 34 8 I) ......
UwC 97.33 126.00 5.69 (31.88) 11.40(129.96)
SEm;t ................................... 3 333 ves 42 21 . 0203 ............ 0 234 ..............
CD(0.05) 944 1195 0.57 0.67
Stages of observation Subplot
1993 1994
30 DAS T3 Tl Ts T2 T7 TG T4 T5 ———
60 DAS Ty Ty T TgTyTsTg Ty TsTgT T4 Ta T3 T Tg
Harvest -— TS T5 Tl Tz T4 T3 T6 T7
* Transformed data : +/x+0.5 transformation
** Transformed data : /X transformation

( ) Original value



Table 18a. Interaction effect of herbicides with time of application on the
dry matter accumulation of weeds (1993) (g/m?)

Treatments 30 DAS 60 DAS
M; T; 40.67 76.00
M T, " 3533 88.00
M| T3 41.67 61.00
M; T, 110.00 61.00
M; T 66.67 90.00 -
M Tg 57.00 65.00
M| Ty 72.33 76.67
M; Tg 74.00 70.00
My Ty 48.00 77.00
My T, 46.00 95.00
M; T3 35.33 68.00
M, T4 97.33 71.00
M, Ts 99.33 78.00
M, T 55.00 84.00
M, Ty 64.00 96.00
M, Tg 38.00 66.00
M3 Ty 54.00 80.00
M3 T, 60.00 82.00
M3 T3 34.33 64.67
M3 Ty 70.00 101.33
M3 T 71.33 68.00
M3 Tg 61.33 76.00
M3 T, 36.00 74.00
M3 Tg 39.00 108.67
M, Ty 38.67 67.00
My Ty 58.00 54.33
M, T3 22.00 62.00
My T, 56.00 56.00 -
M, Ts 98.00 84.00
M, Tg 53.33 87.00
M, T 42.00 108.67
My Tg 35.00 104.00
SEm+ 6.667 8.442

CD (0.05) 18.88 23.91




Table 18b. Interaction effect of herbicides with time of application on the
dry matter accumulation of weeds (1994) (g/m?)

Treatments 60 DAS ** Harvest *
M; Ty 2.97 (8.32) 5.97 (35.64)
M; T, 3.23 (9.93) 6.17 (38.07)
M; T3 4.45 (19.30) 6.67 (44.49)
M Ty 2.97 (8.32) 6.23 (38.82)
M Ts 1.94 (3.26) 5.93 (35.16)
M Tg 3.90 (14.71) 7.67 (58.83)
M T, 2.74 (7.01) 8.27 (68.39)
M; Tg 3.08 (8.99) 4.83 (23.33)
M; T) 2.11 (3.95) 5.23 (27.35)
My T, 2.55 (6.00) 5.30 (28.09)
M, Ty 2.31 (4.84) 6.57 (43.16)
My Ty 2.13 (4.04) 5.27 (21.77)
M, Ts 2.46 (5.55) 5.40 (29.16)
M, Tg 2.08 (3.83) 5.13 (26.32)
M, Ty 2.46 (5.55) 8.17 (66.75)
M, Tg 1.39 (1.43) 4.10 (16.81)
M3 T} 2.28 (4.70) 5.70 (32.49)
M3 Ty 2.76 (7.12) 5.83 (33.99)
M3 T3 2.03 (3.62) 5.20 (27.04)
M3 Ty 2.35 (5.02) 6.47 (41.86)
M3 T 1.49 (1.72) 4.40 (19.36)
M3 T 2.74 (1.01) 6.67 (44.49)
M3 Ty 3.37 (10.86) 6.10 (37.21)
M3 Tg 1.41 (1.49) 4.57 (20.88)
M4 Ty 1.49 (1.72) 5.43 (29.48)
My Ty 1.61 (2.09) 5.47(29.92)
My Ty 1.47 (1.66) 5.30 (28.09)
My Ty 1.79 (2.70) 5.03 (25.30)
My Ts 1.29 (1.16) 4.50 (20.25)
M, Tg 3.66 (12.9) 6.37 (40.58)
M, T4 2.46 (5.55) 5.47 (29.92)
M, Tg 1.68 (2.32) 6.57 (43.16)
SEm+: 0.405 0.471

CD (0.05) 1.15 1.41

* Transformed data : /x transformation
** Transformed data : /x+0.5 transformation
() Original value



kg a.i./ha at 9 DAS recorded lowest weed dry matter accumulation followed by the
same chemical at 6 DAS. Hand weeding was superior to the above treatment. This is
because of the weeding operation given just before the observation i.e. at 20 DAS.
However at 60 DAS hand weeding was comparable with joint formulation of anilo-
fos and 2,4-DEE @ 0.3 and 0.45 kg a.i./ha at 9 DAS, anilofos @ 3 kg a.i./ha at 0
and 9 DAS.

In the second year of study at 60 DAS anilofos @ 0.45 kg a.i./ha at 9
DAS registered the lowest drymatter accumulation and was comparable with butach-
lor @ 1.25 kg a.i./ha at 3 DAS, joint formulation of anilofos and 2,4-DEE @ 0.45
kg a.i./ha at 9 and 6 DAS and lower dose of joint formulation of anilofos and 2,4-
DEE at 9 DAS. However, at harvest butachlor @ 1.25 kg a.i./ha at 3 DAS recorded
the lowest dry matter accumulation, comparable and closely followed by anilofos @
0.45 kg a.1./ha at 9 and 6 DAS, higher dose of joint formulation of anilofos and 2,4~
DEE at 6 and 9 DAS and lower dose of joint formulation of anilofos and 2,4-DEE at
9 and 3 DAS.

This is in conformity with the findings of Dhiman er al. (1993) and
Syriac et al. (1993) where in a reduction in drymatter accumulation of weeds was
observed with the combined application of anilofos and 2,4-DEE. -

4.1.4 Weed control efficiency (Tables 19, 20a and 20b)

During both the year of study, significant difference was noticed between
herbicidal treatments at all stages of observation. Among the herbicides, joint formu-
lation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha recorded the highest weed control

efficiency at 30 and 60 DAS and was comparable with tank mix application of the

N
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same during the first year. But in the second year butachlor @ 1.25 kg a.i./ha,
anilofos @ 0.45 a.i./ba, tank mix application of anilofos and 2,4-DEE were com-
parable both at 60 DAS and at harvest.

Higher dose of joint formulation of anilofos and 2,4-DEE was compar-
able with the above treatments at 60 DAS which inturn was similar to its lower dose.
On the other hand at harvest the lower dose of joint formulation of anilofos and and
2,4-DEE was comparable with the above treatments which in turn was on par with
its higher dose.

The interaction effect of herbicides with time of application at 30 DAS of
the first year showed that joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 9 DAS recorded the highest weed control efficiency followed by its appli-
cation at 6 DAS and butachlor @ 1.25 kg a.i./ha at 9 DAS. At 60 DAS though
singular application of anilofos @ 0.3 kg a.i./ha gave the highest weed control effi-
ciency it was similar to the application of higher and lower dose of the joint formula-

tion of anilofos and 2,4-DEE at 9 DAS and butachlor @ 1.25 kg a.i./ha at 3 DAS.

In the second year no weed control efficiency values were worked out at
30 DAS as most of the plots had nil value for drymatter accumulation. At 60 DAS
of the second year singular application of anilofos @ 0.45 kg a.i./ha at 9 DAS
recorded highest weed control efficiency whereas at harvest butachlor @ 1.25 kg
a.i./ha at 3 DAS recorded the highest weed control efficiency. Hand weeding was
comparable with the above treatments. However at both the stages the above treat-
ments were comparable with the higher and lower dose of the joint formulation of

anilofos and 2,4-DEE at 9 DAS.



Table 19. Effect of herbicides and time of application on the weed control

efficiency (%)
30 DAS 60 DAS Harvest

Treatments 1993 1993 1994 1994
M, (0 DAS) 46.28 45.50 6143 54.23
M, (3 DAS) 41.93 41,10 82.23 61.58
M3 (6 DAS) 54.05 39.18 771.73 62.91
M4 (9 DAS) 56.48 41.79 8399 64.95
SEm-+ 1.620 2.317 2717 1.803
CD (0.05) 5.61 NS 9.41 6.25
Ty Anilofos + 2,4-DEE 61.00 4426 81.23 66.28

{0.3 + 0.45 kg a.i/ha)
T Joiot formulation 56.95 39.71 75.04 62.88

(0.3 kg a.i/ha)
T3 Joint formulation 71.31 .52.41 75.82 59.68

(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i./ha 27.96 4642  79.15 61.58
Ts Anilofos 0.45 kg a.i/ha 27.48 40.79 8693  70.08
Tg 2,4-DEE 0.4 kg a.i/ha 51.01 42.21 62.41 54.19
T7 2,4-DEE 0.6 kg a.i/ha 53.89  33.82 7L73 4252
Tg Butachlor 1.25 kg a.i/ha 59.87 35.69 86.03 70.14
s e Y oy e
UWC - - - -
SEm:I: ............................................. 29143181 ...... P T
CD (0.05) B.25 9.01 11.37 0.24
Stages of observation - Subplot

1993 1994

30 DAS T3 Ty TgTp T7TgT5T4 —
60 DAS TaTy T TgTs Ty Tg Ty TsTgT T4 T3 To T7 Tg

Harvest — Ta T5 T] T2 T4 T3 T6 T7
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Table 20a. Interaction effect of herbicides with time of application on the weed
control efficiency (1993) (%)

Treatments 30 DAS 60 DAS
M; Ty 64.93 43.77
M T, 69.57 34.57
M| Ty 64.20 54.43
My Ty 5.07 54.80
My Ts 42.27 . 33.53
My Tg 50.73 51.70
M T; 37.37 43.13
M; Tg 36.07 48.07
M, T, 58.87 42.93
M, Ty 60.03 29.77
M, Ty 69.73 49.20
My Ty 15.80 47.37
M, Ts 14.23 42.53
M, T 52.57 37.93
M, T7 45.10 28.17
M, Tg 67.10 51.57
M3 T, 53.60 40.30
M3 T, 48.03 39.20
M3 T 70.37 51.60
M3 Ty 39.73 25.03
M3 Ts 38.13 49.60
M; Tg 46.70 43.67
M3 Ty 69.20 44.43
M; Tg 66.67 19.57
My Ty 66.60 50.03
My Ty 50.17 55.30
My T; 80.93 54.40
My T4 51.23 58.47
M, Ts 15.30 37.50
My Tg 54.03 35.53
M, T, ' 63.90 19.53
M,y Tg 69.63 23.57
SEm+ 5.829 6.363

CD (0.05) - 16.50 18.02




Table 20b. Interaction effect of herbicides with time of application on the weed
control efficiency (1994) (%)

Treatments ' 60 DAS Harvest
M| Ty . 66.87 68.70
M Ty 63.20 55.97
M| T3 57.53 50.00
M Ty 68.73 55.17
M| Ts 83.90 60.20
M, Tg 42.60 46.71
My Ty 74.13 23.50
M| Tg 64.47 73.53
My Ty _ 84.53 61.77
My T, 71.60 68.23
M, T3 80.87 51.13
My Ty 82.63 67.27
My Ts 77.33 67.20
M, Tg 84.50 67.10
M, T4 76.50 24.70
M, Tg 94.07 79.23
M3 Ty 81.77 61.77
Mj Ty 69.00 61.37
M3 T3 71.77 69.20
M3 Ty 79.97 52.87
M3 Ts 91.20 74.97
M3 Tg 74.13 : 49.47
M3 Ty 59.77 : 57.53
M3 Tg 94.27 76.10
My Ty 91.73 66.87
M, T, 50.37 65.93
My Ty 9310 68.40
My T4 85.27 71.00
My T 95.30 71.93
My Te 48.40 53.43
M, Ty 76.50 64.33
M, Tg 91.30 ' 51.70
SEm+ ’ 8.030 6.522

CD (0.05) 22.7 18.40
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Higher weed control efficiency by the application of anilofos was report-
ed by Chandrakar et al. (1993). Jayakumar and Sree Ramalu (1992) and Radhamani
(1994) noticed increased weed control efficiency by the combined application of
anilofos and 2,4-DEE.

4.2 Studies on crop

4.2.1 Phytotoxicity

The phytotoxicity rating (Appendix-23 in 0-9 scale at 15 DAS revealed
that no severe phytotoxic symptoms appeared in rice following the application of the
herbicides such as joint formulation of anilofos and 2,4-DEE, tank mix application
of anilofos and 2,4-DEE, singular application of anilofos, 2,4-DEE and butacholor.
Though, very slight yellowing was noticed in all most all treatments, the same was
recouped in about 2-3 weeks. Irrespective of the time of application plots treated
with joint formulation of anilofos and 2,4-DEE, the germination of the rice seeds
was found to be delayed by about 2-3 days. No severe phytotoxic symptoms were
noticed in the emerged seedlings.

The results reveal that all the above herbicides tested in the study are safe
for use in dry seeded rice especially at Mannuthy conditions.

4272 Growth characters

a) Plant population per meter row length (Table 22)

During both the years of experimentation no significant difference was
observed in plant population between herbicidal treatments indicating that no stand

loss was occurred by the herbicidal application.



In the second year though the interaction effect of herbicides and time of
application was significant at harvest,the hand weeded plots, tank mix application
and joint formulation of anilofos and 2,4-DEE and butachlor were comparable and

gave almost similar values for plant population.
b) Number of tillers/m?2 (Tables 21 and 22)

Tiller productibn was significantly influenced by the herbicidal treat-
ments only in the second year. At 30 DAS tank mix application of anilofos and 2,4-
DEE recorded the highest number of tillers. It was comparable with 2,4-DEE @ 0.4
kg a.i./ha, anilofos 0.3 kg a.i./ha, butachlor @ 1.25 kg a.i./ha and 2,4-DEE @ 0.6
kg a.i./ha. At harvest also highest number of tillers noticed in the plots treated with
tank mix application of anilofos and 2,4-DEE, comparable and closely followed by
joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha, butachlor @ 1.25 kg
a.i./ha and lower dose of the joint formulation of anilofos and 2,4-DEE i.e. 0.3 kg
a.i./ha. The lower tiller number obtained in the plots treated with joint formulation
of anilofos and 2,4-DEE was due to gall midge incidence at the initial stages.
However the effect could be compensated subsequently as evidenced by the compar-

able tiller number/m?2 observed at harvest.

Interaction between herbicides and time of application at 30 DAS re-
vealed that plots treated with tank mix application of anilofos and 2,4-DEE at 6
DAS registered more tillers followed by anilofos @ 0.3 kg a.i./ba at 0 DAS, tank
mix application of anilofos and 2,4-DEE at 0 DAS and joint formulation of anilofos
and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS, its lower dose at 9 DAS and butachlor
1.25 kg a.i./ha at 6 DAS. At harvest tank mix application of anilofos and 2 4-DEE
at 3 DAS recorded highest number of tillers and was comparable with butachlor @



Table 21. Effect of herbicides and time of application on the number of tillers/m?

(1994)
Treatments 30 DAS Harvest
M; (0 DAS) 308.58 590.54
M, (3 DAS) 272.63 ' 582.13
M3 (6 DAS) 308.63 554.92
M, (9 DAS) 330.52 566.63
SEm+ 12.004 18.781
CD (0.05) NS NS
T; Anilofos + 2,4-DEE 322.50 642.00
(0.3 + 0.45 kg a.ifha)
To Joint formulation 286.83 593.08
(0.3 kg a.ifha)
T3 Joint formulation 283.50 606.25
(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 315.00 523.58
Ts Anilofos 0.45 kg a.i./ha 300.67 577.67
T 2,4-DEE 0.4 kg a.itha 317.50 510.33
T7 2,4-DEE 0.6 kg a.i/ha 303.67 538.50
Tg Butachlor 1.25 kg a.itha 311.04 597.00
HW32867 ................. 67532
uUwcC 250.33 428.49
SEm:l: ........................................................... 771 4 ................... 22 659 .....
CD (0.05) 21.85 64.18
Stages of observation Subplot
30 DAS T Te T4 Tg T7 Ts Ty Ty

Harvest T] T3 Ts Tz TS T7 T4 Tﬁ




Table 22. Interaction effect of herbicides with time of application on the plant
population/m row length and number of tillers/m? (1994)

Treatments Plant population/m No. of tillers/m?
row length 30 DAS Harvest
M| T 5.67 352.67 622.67
M{ Ty 6.00 252.00 682.67
M| T3 5.67 249.33 670.67
M| Ty 6.67 356.00 505.67
M Ts 6.00 328.67 637.33
M Tg 6.00 305.00 386.00
M T 6.00 314.00 536.67
M; Tg 5.67 311.00 682.67
My Ty 5.67 272.00 736.00
M, Ty 6.67 291.33 526.67
M, Tj 5.33 274.00 528.33
M, Ty 6.67 251.33 446.00
M; Ts 6.33 228.67 569.33
M, Tg 6.67 331.67 648.67
M, Ty 5.33 236.00 504.00
My Tg 5.33 296.00 698.00
M3 T, 6.00 357.33 634.00
M3 T, 6.00 270.67 586.00
M3 Tj 533 258.67 564.00
Mg Ty 5.33 320.67 600.00
M3 Tg 4.67 296.67 518.67
M3 Tg 6.67 324.00 470.67
M3 T, 6.33 318.00 642.67
M; Tg 6.00 323.00 423.33
My Ty 6.67 308.00 573.33
M4 To 6.33 333.33 577.00
My T 6.33 352.00 662.00
My Ty 5.67 332.00 542.67
M4 Ts 5.33 348.67 585.33
My Tg 6.00 309.33 536.00
My T4 6.00 346.67 470.67
My Tg : 6.00 314.17 584.00
SEm+ 0.385 15.429 45.319

CD (0.05) 0.99 43.6 128.0
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1.25 kg a.i./ha at 3 and O DAS, lower dose of joint formulation of anilofos and 2,4-
DEE at 0 DAS, its higher dose i.e. 0.45 kg a.i./ha at 9 DAS. Hand weeding was
comparable with the treatments. Irrespective of the stages of observation uaweeded

control registered the lowest number of tillers/m?2.

The higher tiller number observed in the plots treated with the combined
application of anilofos and 2,4-DEE (tank mix as well as joint formulation), butach-
lor, anilofos etc. pinpoints the degree of weed control effected facilitating better

performance of the crop in terms of tiller production:
c) Plant height (Tables 23 and 24)

During the first year signtficant difference between herbicides was
observed only at harvest. Butachlor @ 1.25 kg a.i./ha registered the higher value
and was comparable with tank mix application of anilofos and 2,4-DEE, which in
turn was similar to the higher dose of the joint formulation of anilofos and 2,4-DEE
i.e. 0.45 kg a.i./ha.

In the second year of study taller plants were observed in plots treated
with joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at all the stages of

observation.

The interaction effect of herbicides and time of application was signifi-
cant only at harvest in both the years of study. In the first year hand weeded plots
gave the highest value and was comparable with butachlor @ 1.25 kg a.i./haat 3, 6
and 9 DAS and higher dose of the joint formulation of anilofos and 2,4-DEE at 6
and 9 DAS which in turn was similar to its lower dose at 9 DAS. .
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Table 23. Effect of herbicides and time of application on the plant height

of rice (cm)
Treatments 30 DAS Harvest
1993 1994 1993 1994

M; (0 DAS) ' 34.32 33.73 69.02 77.47
M, (3 DAS) 32.92 34.02 69.95 79.53
Mj (6 DAS) 36.19 34.39 70.45 77.85
M4 (9 DAS) 36.70 35.49 7273 77.43
SEm+ 0.70 0.397 0.756 0.627
CD (0.05) 2.43 NS NS NS
T, Anilofos + 2,4-DEE 36.06 34,49 73.62 77.83

(0.3 + 0.45 kg a.i/ha)
Ty Joint formulation 3491 35.29 69.33 78.04

(0.3 kg a.i./ha)
T3 Joint formulation 34.74 35.45 70.35 80.31

(0.45 kg a.i/ha) .
T4 Anilofos 0.3 kg a.i/ha 35.81 33.79 70.68 77.40
Tg Anilofos 0.45 kg a.i/ha 34.717 35.32 70.63 79.03
Tg 2,4-DEE 0.4 kg a.i/ha 34.18 34.54 69.00 76.94
T; 2,4-DEE 0.6 kg a.i/ha 33.03 33.43 67.39 77.82
Tg Butachlor 1.25 kg a.i/ha 36.77 32.96 75.10 77.17
HW ................................................ 44 80 ceres 3479 ...... 81 00 ...... 78']0 -
uwcC 33.37 32.00 70.17 73.20
SEmj; ............................................. 0 067 ....... 0630 ...... 1362 ...... 0636 .
CD (0.05) NS 1.79 3.86 1.80
Stages of observation Subplot

1993 1994

30 DAS NS T3 Ts Tz TG Tl T4 T-; TB




Table 24. Interaction effect of herbicides with time’of application on plant

-3

height at harvest (cm)

Treatments 1993 1994
M; Ty 69.90 76.90
M| T, 63.63 78.07
M| Ts 68.73 80.70
M; Ty 70.70 75.10
M; Ty 70.93 75.07
M Tg 67.97 76.93
M, T; 69.33 75.27
M, Tg 71.03 80.93
M, Ty 79.37 81.57
M, T, 70.50 76.73
M, Ty 67.20 81.43
My Ty 70.70 81.33
M, Ts 70.50 77.60
M, T¢ 68.03 : 79.77
M, T, 37.77 76.37
M, Tg . 79.60 81.40
M3 Ty _ 71.80 77.33
M3T, 69.43 79.67
M3 Ty 72.23 78.53
M3 Ty 66.63 ' 76.43
M3 Ts 71.03 83.43
Mj Tg 65.60 74.57
M3 Ty 72.10 78.43
M3 Tg 73.53 | 74.31
M, T 72.10 1553
M, T, 73.77 71.70
M, T3 72.23 80.57
My Ty 7461 76.73
My Ty 69.87 79.23
My Tg 73.60 76.50
M, Ty 69.27 81.20
My Tg 76.33 . 71.97
SEm 2.725 | 1.272

CD (0.05) 7.72 3.60




However in the second year though singular application of the higher
dose of anilofos registered the highest value it was closely followed by hand weed-
ing, joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 3 DAS and
butachlor @ 1.25 kg a.i./ha at 3 DAS.

d) Crop dry matter production (Tables 25 and 26)

The dry matter production of crop was significantly influenced by weed
control treatments at all the stages of observation during both the years. During the
first year joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha recorded the
highest dry matter production by the crop at all the stages and was comparable with
its lower dose at 30 and 60 DAS. However at harvest the higher dose of joint formu-
Iation of anilofos and 2,4-DEE was similar to 2,4-DEE @ 0.4 kg a.i./ha which in
turn was comparable with the lower dose of the joint formulation of amilofos and

2,4-DEE.

In the second year of study though 2,4-DEE @ 0.6 kg a.i./ha registered
the highest value it was comparable with the joint formulation of anilofos and 2,4-
DEE-@ 0.3 and 0.45 kg a.i./ha and butachlor @ 1.25 a.i./ba. At 60 DAS higher
dose of the joint formulation of anilofos and 2,4-DEE, singular application of anilo-
fos @ 0.45 kg a.i./ha ard butachlor @ 1.25 kg a.i./ha were equally effective.
However at harvest singular application of anilofos @ 0.45 kg a.i./ha recorded the
highest crop dry matter, comparable and closely followed by the higher and lower
dose of the joint formulation of anilofos and 2,4-DEE and its tank mix application
respectively. The joint formulation @ 0.3 kg a.i./ha was also similar to application
of butachlor @ 1.25 kg a.i./ha.
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Table 25. Effect of herbicides and time of application on the dry matter
production by rice (g/m?)

Treatments 30 DAS 60 DAS Harvest
1993 1994 1993 1994 1993 1994

M; (0 DAS) 32.71 46.84 146.25 320.21 347.50 834.17
M, (3 DAS) 30.00 41.93 150.10 359.58 365.83 905.08
M3 (6 DAS) 29.89 4445 170.94 354.38 361.04 838.54
M, (9 DAS) . 33.75 44.26 167.39 386.25 352.71 873.23
SEm+ 1.641 1.008 6.039 3.899 11.733 21.450
CD (0.05) NS NS NS 1351 NS NS
T, Anilofos + 2,4-DEE 2792 38.75 159.58 325.83 332.50 899.13
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 3375 4371 171.67 362.92 355.83 954.79
(0.3 kg a.i/ha)
T4 Joint formulation 39.17 47.08 195.21 392.50 402.50 968.33
(0.45 kg a.i/ha)
T, Anilofos 03 kga.i/ha . 35.83 44.25 153.33 345.83 364.17 810.00
Ts Anilofos 0.45 kg a.ifha 31.88 42.75 141.67 388.75 349.58 980.42
Tg 2,4DEEO4kgaiha 30.42 44.84 134.17 323.75 371.25 738.75
T4 2,4-DEE 0.6 kg a.i/ha 22.50 48.38 138.75 315.00 340.83 671.25
Tg Butachlor 1.25 kg a.i/ba 3125 45.21 175.00 386.25 337.50 879.38
HW ....................................... 4333519223430390004683395750
UuwcC 16.67 28.75 120.00 275.00 315.00 545.00
SEmj: .................................... 22661 7581106973881278233196
CD (0.03) 6.42 498 3135 2093 3620 94.02
Stages of observation Subplot
1993 1994
30 DAS _ T3 T4y Tp T5Tg Ty T Ty Ty T3 Tg T Tq4 To T5 Ty
60 DAS Ty TgTp T1 T4 TsT7Ts  T3TsTgTaTa Ty T Ty

Harvest T3TgT4T2TsT7TgTy  TsT3T2T1TgTa T T7




Table 26. Interaction effect of herbicides with time of application on the dry
matter production by rice (g/m?)

30DAS 30 DAS 60 DAS Harvest
Treatments (1993) (1994) (1994) (1994)
My Ty 30.00 4333 330.00 861.67
M, T, 31.67 55.00 320.00 946.67
M, T, 36.67 48.33 346.67 1005.00
M) T, 43.33 40.83 285.00 785.00
My Ts 30,00 41.67 . 360.00 938.33
M, Tg 41.67 44.33 330.00 525.00
M; Ty 21.67 50.00 265.00 726.67
M; Tg 26.67 51.25 325.00 885.00
My T, 21,67 35.83 293.33 673.17
M, T, 30.00 34.00 405.00 845.00
My T, 41.67 40.83 353.33 958.33
My T, 38.33 40.83 355.00 808.33
M Ts 30.00 40.00 345.00 853.33
M, Tg 21.67 50.00 340.00 975.00
My T, 16.67 46.21 345.00 787.50
My Tg 40.00 47.67 440.00 1040.00
My Ty 26.67 417 - 285.00 1021.67
M3 T, 31.67 4333 420.00 950.83
M3 T, 36.67 44.17 435.00 §28.33
M3 T, 21.67 42.50 320.00 781.67
Mg Ts 32.50 54.33 415.00 1066.67
Mj Tg 33.33 37.93 335.00 645.00
M3 Ty 31.67 4127 275.00 544.17
M3 Ty 25.00 492 35000 §70.00
My Ty 13.33 31.67 395.00 740.00
M, T, 41.67 42.50 306.67 1076.67
M, T, 41.67 55.00 435.00 1081.67
M, Ty 40.00 52.83 423.33 865.00
My Ts 3500 35.00 435.00 1063.33
M, T 25.00 100 29000 810.00
M, T 20.00 50.00 37500 62667
M, Tg 33.33 40.00 430.00 722.50
SEm:+ 4532 3.515 14.776 66.392

CD (0.05) 12.84 9.96 41.85 188.04
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During the first year of investigation interaction effect of herbicides with
time of applibation was significant only at the initial stage of observation. Though
anilofos @ 0.3 kg a.i./ha at 0 DAS recorded the highest value it was comparable
with hand weeding, higher and lower dose of the joint formulation of anilofos and
2,4-DEE at 9 DAS and butachlor @ 1.25 kg a.i./ha at 3 DAS.

In the second year of study both at 30 DAS and at harvest joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha was comparable with butachlor @
1.25 kg a.i./ha at 3 DAS. At 60 DAS though highest dry matter production was
observed in plots treated v;Vith butachlor @ 1.25 kg a.i./ha at 3 DAS, it was compar-
able with the higher dose of the joint formulation of anilofos and 2,4-DEE at 9 and 6
DAS. Hand weeding was similar . .0 the above treatments while unweeded control

recorded the lowest crop dry matter production.

The better suppression of broad spectrum of weeds by the combined
application of anilofos and 2,4-DEE together with its tonic effect on the crop might
have contributed to higher dry matter accumulation in rice. This is in conformity

with the findings of Sreedevi and Thomas (1993) and Radhamani (1994).

423 Yield attributes
a) Effective tillers/hill (Tables 27 and 28)

With respect to the number of effective tillers/hill no significant dif-
ference was noticed between herbicides during the first year. However hand weeding
gave higher number of effective tillers followed by joint formulation of anilofos and
2,4DEE @ 0.45 kg a.i./ba. But in the second year significant difference was ob-
served between herbicides. Hand weeding and butachlor (@ 1.25 kg a.i./ha) applied
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plots registered higher number of effective tillers closely followed by the lower and
higher dose of joint formulation of anilofos and 2,4-DEE. Unweeded control record-

ed the lowest number of effective tillers.

The interaction effect of herbicides with time of application was signifi-
cant only in the second year of study. Butachlor @ 1.25 kg a.i./ha at 3 DAS record-
ed the highest number of effective tillers. It was similar to joint formulation of anilo-
fos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS, joint formulation of anilofos and 2,4-
DEE @ 0.3 kg a.i./ha at 6 DAS and hand weeding.

The comparatively better control of weeds in the above treatments might
have facilitated better utilization of resources resulting in the production of more

effective tillers.
b) Length of panicle (Tables 27 and 28)

During both the years of experimentation though herbicidal treatments
had no significant effect on the length of panicle longer panicles were noticed in
hand weeded plots followed by the application of higher and lower dose of the joint
formulation of anilofos and 2,4-DEE and butachlor @ 1.25 kg a.i./ha.

The interaction between herbicides and time of application was signifi-
cant only in the second year wherein joint formulation of anilofos and 2,4-DEE @
0.45 kg a.i./ha recorded the highest value and was comparable with hand weeding
and butachlor @ 1.25 kg a.i./ha. Length of panicle was lowest on unweeded plots.
Suja (1989) and Varshney (1990) also observed decreased panicle length in the
unweeded check.
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Table 27. Effect of herbicides and time of application on the number of effective
tillers/hill and length of panicle {(cm)

Treatments Effective tillers/ Length of
hill panicle
1993 1994 1993 1994

M; (0 DAS) 5.78 8.25 16.79 19.50
M, (3 DAS) 6.10 8.29 16.93 20.55
M3 (6 DAS) 6.88 8.92 14.18 19.67
0M,4 (9 DAS) 6.40 8.25 16.54 20.03
SEmi 0.176 0.182 0.138 0.184
CD (0.05) , 0.61 NS NS 0.64
T Anilofos + 2,4-DEE 6.45 8.00 16.92 19.63
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 6.68 8.92 17.24 20.04
0.3 kg a.i/ha)
T3 Joint formulation 7.13 8.58 17.03 20.38
(0.45 kg a.ifha)
T4 Anilofos 0.3 kg a.i/ha 6.10 8.42 16.87 19.92
Ts Anilofos 0.45 kg a.i/ha 5.76 8.33 16.46 20.19
Te 2,4-DEE 0.4 kg a.i/ha 6.03 1.33 16.51 19.73
T7 2,4-DEE 0.6 kg a.i/ha . 5.67 8.42 16.89 19.94
Tg Butachlor 1.25 kg a.i/ba 6.52 9.42 16.95 19.70
HW8295 ......... 206 ........ 215
uwcC 4.8 7.1 15.8 17.3
SEmi ............................................. 04040285 ........ 0 30 ........ 0203
CD (0.05) NS 0.81 NS NS
Character Subplot .
1993 1994

Effective tillers/hill NS Ts T2 T3 T4 T7 Ts Tl T6

Length of panicle NS NS



Table 28. Interaction effect of herbicides with time of application on number of
effective tillers/hill, length of panicle (cm) and number of grains

per panicle (1994)

Treatments Effective tillers/ Lengthof  Number of grains/

hill panicle (cm) panicle
M| Ty 8.67 19.57 81.00
M; Ty ‘ 9.33 19.90 77.67
M Ty 8.00 19.00 71.33
M; T, 9.00 20.00 93.50
M T5 8.33 19.37 78.83
M Tg 5.00 18.93 80.77
M; T, 8.67 19.80 71.50
M| Tg 9.00 19.47 72.50
M, Ty 8.67 20.43 89.00
My Ty 8.00 20.00 72.17
M, T3 7.33 21.07 85.83
M, Ty 7.00 20.30 78.00
M; Ts 8.00 21.47 73.17
M, Tg 9.33 19.80 78.50
M, T, 8.00 20.20 77.00
M, Tg 10.00 21.17 81.50
M3 Ty 8.33 19.07 76.00
M3 Ty 9.67 19.70 90.17
M3 T, 9.33 19.77 90.83
M3T, - 9.33 19.80 81.33
M3 T5 8.33 20.07 82.83
M3 Tg 7.33 19.87 83.77
M3 T, 9.97 20.20 66.00
M3 Tg 9.33 18.90 75.50
My Ty . 6.33 19.47 75.83
My T, 8.67 20.57 89.83
My T3 9.67 21.67 96.83
My Ty 8.33 19.57 96.17
My Ts 8.67 19.87 92.17
My Tg 7.67 20.30 84.00
My Ty 7.33 19.57 69.00
M4Tg . 9.33 19.27 75.77
SEm+ 0.570 0.406 2.617

CD (0.05) 1.61 1.14 7.41




¢) Grains/panicle (Table 29)

No significant difference was observed between herbicides during the
first year of study. However 2,4-DEE @ 0.6 kg a.i./ha recorded higher number of
grains/panicle followed by the higher dose of the joint formulation of anilofos and
2,4-DEE. In the second year though singular application of amilofos @ 0.45 kg
a.i./ha registered the highest number it was comparable with the joint formulation of
anilofos and 2,4-DEE @ 0.45 kg a.i./ha.

Interaction effect of herbicides with time of application was significant
only in the second year. Plots treated with the higher dose of the joint formulation of
anilofos and 2,4-DEE at 9 DAS had panicles with more grains and was comparable
with its lower dose at 6 DAS and hand weeded plots. The better control of weeds in
these treatments might have contributed to this. Unweeded control had panicles with
lowest number of grains, indicating the severity of crop weed competition in them.
Similar results were observed by Sreedevi (1979) and Kumar and Gautham (1986).

d) Thousand grain weight (Table 29)

During the first year of study no significant difference was observed
between treatments. However higher dose of the joint formulation of anilofos and
2,4-DEE recorded the highest value followed by its lower dose and butachlor @
1.25 kg a.i./ha.

In the second year though singular application of anilofos @ 0.3 kg
a.i./ha registered the 'highcst value, it was comparable with its higher dose i.e. 0.45
kg a.i./ha, butachlor @ 1.25 kg a.i./ha and joint formulation of anilofos and 2,4-
DEE 0.3 kg a.i./ha.



Table 29. Effect of herbicides and time of application on the number of grains/
panicle and thousand grain weight (gm)

Treatments ' No. of grains/ Thousand grain
' panicle weight
1993 1994 1993 1994

M; (0 DAS) 69.67 7839  26.68 30.88
M, (3 DAS) 69.59 7939  26.83 30.92
M3 (6 DAS) 71.42 £0.80 27.12 31.03
M, (9 DAS) 65.65 84.95 27.29 31.66
SEm+ ‘ 1.103 1.201  0.309 0.354
CD (0.05) 3.82 4.16 NS NS
T, Anilofos + 2,4-DEE 68.96 80.46  27.07 30.70

(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 72.62 B246 2717 31.06

(0.3 kg a.i/ha)
T4 Joint formulation 69.30 B6.21  27.56 30.69

(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 69.08 87.25 26.56 31.76
Ts Anilofos 0.45 kg a.i/ha 67.21 BL75  26.64 31.68
Tg 2,4-DEE 0.4 kg a.i/ha 67.83 81.76  26.60 30.44
T4 2,4-DEE 0.6 kg a.i/ha 69.81 70.88  26.76  31.55
Tg Butachlor 1.25 kg a.i/ha 67.84 7632  27.20 31.12
e — T BT e e
UwC 52.50 70.21  26.30 30.42
SEmi ............................................... o T
CD (0.05) NS i NS 0.88
Character Subplot

1993 1994

No. of grains/panicle NS Ty T3 Tp Tg Ts Ty Tg Ty

Thousand grain weight NS Ty Ts Ty Tg T, Ty T3 Tg




Irrespective of the years the lowest thousand grain weight was observed
in the unweeded control as a result of the intense weed competition throughout the
growth period of the crop. Decreased test weights due to continuous weed growth
were earlier reported by Azad er al. (1990) and Padhi et al. (1991).

4.24 Yield (Tables 30 and 31)

a) Grain yield

In general, a perunsal of the grain yield data for the two years reveals
very low values for grain yield in the first year. This is attributed to several reasons.
During the first year the experimental plot was preceeded by summer vegetables
which aggravated the problem of weeds mostly of upland nature. The slightly ele-
vated nature of the plot had also some bearing on the subsequent weed infestation.
The lower moisture status of the soil due to lack of proper flooding coupled with the
high aeration facilitated a spurt in sequential weed seed germination ultimately re-
sulting in poor yield. However in the second year the ponded water had a marked
effect in reducing further germination of weeds. The reduction in weed density in
rice due to submergence of water upto 15 cm was reported earlier by Bhan (1983).

During the first year, herbicides had significant effect on the grain yield.
Among the herbicides joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha
recorded the highest grain yield and was comparable with anilofos @ 0.45 kg
a.i./ha, butachlor @ 1.25 kg a.i./ha, joint formulation of anilofos and 2,4-DEE @
0.3 kg a.i./ha and anilofos @ 0.3 kg a.i./ha. The tank mix application of anilofos
and 2,4-DEE @ 0.3 + 0.45 kg a.i./ha, was similar to the application of butachlor
@ 1.25 kg a.i./ha and lower dose of the joint formulation of anilofos and 2,4-DEE
i.e. 0.3 kg a.i./ha.
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In the second year though singular application of anilofos @ 0.45 kg
a.i./ha gave the highest grain yield it was similar to the higher dose of the joint
formulation of anilofos and 2,4-DEE i.e. 0.45 kg a.i./ha, tank mix application of
anilofos and 2,4-DEE (0.3 + 0.45 kg a.i./ha) and joint formulation of anilofos and
2,4-DEE @ 0.3 kg a.i./ha. hrrespective of the doses joint formulation of anilofos
and 2,4-DEE was comparable with its tank mix application and batachlor @ 1.25 kg
a.i./ha.

The interaction effect of herbicides with time of application during the
first year revealed that anilofos 0.3 kg a.i./ha at 6 DAS recorded the highest grain
yield and was comparable with higher and lower dose of the joint formulation of
anilofos and 2,4-DEE at 9 DAS, butachlor @ 1.25 kg a.i./ha at 0 and 6 DAS and
anilofos 0.45 kg a.i./ha at 9 DAS. In the second year joint formulation of anilofos
and 2,4-DEE @ 0.3 kg a.i./ha at 6 DAS registered the highest grain yield and was
comparable with its higher dose at 9 DAS and singular application of anilofos @
0.45 kg a.i./ha at 3 DAS. During the first year hand weeding was superior to the
herbicidal treatments while in the second year, the above herbicides were superior to
hand weeding. During both the years unweeded control recorded the lowest grain
yield.

The above results reveal that the same degree of control of weeds facili-
tiating better performance of the crop could be achieved with the lower dose the
joint formulation i.e. 0.3 kg a.i./ha at an early stage i.e. at 6 DAS and with the
higher dose of the joint formulation of anilofos and 2,4-DEE i.e.e 0.45 kg a.i./ha at

a later stage i.e. at 9 DAS. In other words the lower dose of joint formulation at an
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earlier stage was equally effective as that of the higher dose of joint formulation at a
later stage in terms of control of weeds and resultant performance of the crop. This
might be due to the slight early post-emergence action of amilofos - which is a
component of the joint formulation. As the weed seedlings were at the emerging
stage, a lower dose of the combination could achieve effective control. With the
advancement in age 6f weed seedlings, they became more sturdy and a higher dose

-

of the chemical was needed to bring about the same degree of control.

The above findings pinpoints the need to increase the dose of the chemi-
cal when the application of the joint formulation is delayed after 6 DAS. This is at
an advantage when spraying operation could not be done on the 6'th day due to
unforg/seen calamities. In the context spraying can be safely advocated on the 9th day
by adopting a slightly higher dose. On the other hand by strict adherance to the time
of application, the dose of the chemical can be reduced. The same trend was noticed

in the case of singular application of anilofos also.

Further, from both the years results, joint formmlation of anilofos and
2,4-DEE was equally or more effective than the standard herbicide butachlor. This is
because whatever weeds are left uncontrolled by anilofos - one of the components of
the joint formulation are controlled by the other component 2,4-DEE. So by the use

of the joint formulation a wide coverage control of weeds could be achieved.

The higher yields with combined application of anilofos and 2,4-DEE
was reported earlier by Pandey and Thakur (1988) in transplanted rice and Radha-
mani (1994) in direct sown puddled rice. Syric er al. (1993) and Sreedevi and
‘Thomas (1993) also reported similar results in transplanted rice, in Kerala.



Table 30. Effect of herbicides and time of application on the grain yield (q/ha)
and straw yield (g/ha)

Treatments Grain yield Straw yield
1993 1994 1993 1994

M, (0 DAS) 5.76 30.31 12.08 46.97
M, (3 DAS) 6.04 32.76 10.44 50.31
M; (6 DAS) 7.89 3439 13.36 53.11
My (9 DAS) 8.29 32.18 1543 5493
SEm+ 0.374 0.418 1.768 1.193
CD (0.05) 1.29 1.45 NS 4.13
Ty Anilofos + 2,4-DEE 6.88 33.00 1224 48.57
(0.3 + 0.45 kg a.i/ha)
To Joint formulation 71.53 32.61 13.24 5391
(0.3 kg a.i/ha) )
T3 Joint formulation 8.00 3342 15.03 62.86
- (0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 1.17 3164 11.02 47.86
Ts Anilofos 0.45 kg a.v/ha 7.9 3462 1374 52.73
Tg 2,4-DEE 0.4 kg a.i/ha 5.49 32.18 11.45 52.52
T4 2,4-DEE 0.6 kg a.i/ha 5.21 31.18  12.39 51.98
Tg Butachlor 1.25 kg a.i/ha 7.69 32.11 13.47 50.21
s 17123310 ...... 32 39 ...... 4894
UwC 4.53 13.88 7.08 29.51
SEm;t ............................................. 0626 ......... 0768 ...... - 319 ....... 1 60 3 .
CD (0.05) 1.77 2.16 NS NS
Character Subplot
1993 1994

Grain yield T3 T5TgTp T4 Ty Tg Ty T5T3T{TpTgTg Ty Ty

Straw yield NS NS

o



Table 31. Interaction effect of herbicides with time of application on the grain

yield and straw yield (q/ha)
Grain yield ' Straw yield
Treatments 1993 1994 1993 1994
M Ty 2.98 29.37 8.84 45.70
M| T, 8.62 28.57 12.18 43.70
M, T, 4.28 28.30 6.55 55.23
My Ty 4.94 28.07 14.00 46.83
M; Ts 6.65 31.57 12.34 49.00
M; T 4.01 34.00 17.19 50.33
M T, _ 4.50 31.03 13.57 43.57
M Tg 10.09 31.53 11.32 41.40
My Ty 6.01 35.93 7.34 50.90
M, T, 495 31.03 11.96 60.40
M, Ty 62 33.73 14.98 43.53
My Ty 6.23 32.40 7.25 45.20
Mj T 8.43 36.73 15.50 56.87
M, Tg 5.04 3483 - 6.74 45.73
M, T, 4.34 29.40 5.80 50.33
MpTg 6.80 34.30 13.94 53.07
M3 Ty 8.86 33.47 14.01 48.97
Mj T, 7.29 37.37 11.93 51.70
M3 T3 10.87 34.37 20.39 52.80
M3 Ty 11.15 36.17 - 8.61 48.00
M3 T 6.92 35.90 16.32 53.33
M; Tg 5.43 32.10 10.40 57.70
M3 Ty 4.51 33.50 13.12 55.50
M3 Tg 8.04 31.57 12.07 56.87
My Ty 9.65 33.23 18.76 © 48,70
My T, 9.25 33.47 17.86 59.83
M, T, 10.33 37.27 18.20 59.86
My Ty 6.36 29.93 14.22 51.40
My Ts 9.94 34.30 10.82 51.70
My T 7.50 27.80 10.88 56.30
M4 Ty 7.50 30.77 17.09 58.53
My Tg _ 5.83 30.73 16.58 49.50
SEm 1.252 1.524 2.637 3.205

CD (0.05) 355 4.32 7.46 9.07
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b) Straw yield

The effect of herbicides on the straw yield was not significant during
both the years. However in the first year joint formulation of anilofos and 2,4-DEE
@ 0.45 kg a.i./ba recorded higher straw yield followed by anilofos @ 0.45 kg
a.i./ha and butachlor @ 1.25 kg a.i./ha. In the second year of study lower dose of
the joint formulation of anilofos and 2,4-DEE registered highest straw yield fol-
lowed by its higher dose i.e. 0.45 kg a.i./ha and singular applicatton of anilofos @
0.45 kg a.i./ha.

During the first year the interaction effect of herbicides with time of
application revealed that hand weeding was significantly superior to all other treat-
ments followed by the higher dose of the joint formulation of anilofos and 2,4-DEE
at 6 and 9 DAS and its tank mix application. However in the second year lower dose
of the joint formulation of anilofos and 2,4-DEE at 3 DAS gave the highest straw
yield comparable and closely followed by the same at 9 DAS and its higher dose at 9
DAS. These treatments were significantly superior to hand weeding. Unweeded

control recorded the lowest straw yield in both the years.

The straw yield also followed the same trend as in the case of grain
yield. The severe competition of weeds in the first year resulted in poor straw yield
while the better control of weeds achieved through herbicides followed by ponding

of water reflected on the straw yield in the second year.
4.2.5 Weed index (Tables 32 and 33)

During both the years lowest weed index was recorded by anilofos @
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Table 32. Effect of herbicides and time of application on weed index (%)
Treatments 1993 1994
M; (0 DAS) 67.87 11.82
M, (3 DAS) 66.34 4.36
Mj (6 DAS) 55.4% 0.39
My (9 DAS) 33.85 7.08
SEm+ 2.384 1.628
CD (0.05) B.26 5.64
Ty Anilofos + 2,4-DEE 61.08 478
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 58.84 5.72
(0.3 kg a.i/ha)
Ty Joint formulation 56.57 6.40
(0.45 kg a.i/ha)
T, Anilofos 0.3 kga.i/ha 60.08 11.25
Ts Anilofos 0.45kga.i/ka 54.64 1.28
Te 2,4-DEE 0.4 kg a.i/ha 68.98 9.17
T7 2,4-DEE 0.6 kg a.i/ha 70.41 10.96
Tg Butachlor 1.25 kg a.i/ha 56.53 7.03
HW- ......................... s
uwcC 73.50 58.06
SEmj_- ............................................................. 3299 ................... 5 46 ..
CD (0.05) 9.35 6.08
Year Subplot
1993 TS TB T3 Tz T4 Tl T6 T7
1994 Ts Ty Tp T3 Tg T T7 Ta




% 9[;

Table 33. Interaction effect of herbicides with time of application on weed index (%)

Treatments 1993 1994

M; T, 82.93 16.30
M T, 56.90 17.30
M| T, 75.93 19.30
M| Ty 72.03 18.80
M Ts 61.90 8.63
M T 71.21 1.53
M; Ty 73.83 ' 10.17
My Ty 4223 8.57
M, Ty 66.43 -2.90
M, T, 72.33 10.23
M, T3 64.80 3.90
M, Ty 65.60 . 6.20
M, Ty 52.53 -4.60
M, T 71.47 -0.80
M, Ty 75.53 15.00
M, Tg 62.07 7.83
M3 Ty 49.67 ' 1.87
M3 Ty 58.70 -1.87
M3 T3 39.03 2.10
M3 Ty 38.10 -4.67
M3 Tg 60.17 . -3.93
M3 Tg £9.00 7.10
M3 T; 74.57 1.7
M3 Tg 54.73 0.77
My Ty 45.27 3.83
My Ty 47.43 320
M4 T3 46.53 -6.10
My Ty 64.60 13.43
My Ts 43,97 0.77
My Tg 58.20 19.67
My Ty 57.70 10.93
My Tg 67.10 10.97
SEm+t 6.599 2.15

CD (0.05) 18.7 6.08




0.45 kg a.i./ha and was comparable with the higher and lower dose of the joint
formulation of anilofos and 2,4-DEE, its tank mix application and butachlor @ 1.25

kg a.i./ha.

In the first year of study, interaction effect. of herbicides with time of
application revealed that though anilofos @ 0.45 kg a.i./ha at 6 DAS recorded the
lowest weed index value it was comparable with higher and lower dose of the joint
formulation of anilofos and 2,4-DEE at 9 DAS, its tank mix application at 9 DAS
and butachlor @ 1.25 kg a.i./ha at 0 DAS. However in the second year joint formu-
lation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 6 DAS registered lowest weed
index comparable and closely followed by its higher dose at 9 DAS and anilofos @
0.3 kg a.i./ha at 6 DAS.

On perusal of the weed index values, the negative values observed in the
second year highlights, the efficiency of herbicides in controlling weeds followed by
the submergence in keeping up the weed free condition till harvest resulting in
higher yields.

4.3 Studies on nutrient uptake
4.3.1 Removal by weeds (Table 34, 35a and 35b)

a) Nitrogen

During the first year, significant difference between herbicides in nitro-
gen removal by weeds was noticed only in the initial stages. At 30 DAS joint formu-
lation of anilofos and 2,4-DEE @ 0.45 a.i./ha recorded the lowest value followed by
its tank mix application which in turn was comparable with butachlor @ 1.25 kg
a.i./ha and joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha. At 60 DAS
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Table 34‘. Effect of herbicides and time of application on the removal of nitrogen

by weeds (kg/ha
Treatments 7 30 DAS 60 DAS Harvest
1993 1993 1994+ 1994

Mi (0 DAS) 7.65 8.22 1.41 (1.49) 471
M;(3 DAS) 7.37 9.39 1.09 (0.60) 3.66
M, (6 DAS) 6.45 8.14 1.14 (0.80) 3.67
My (9 DAS) 6.59 8.33 1.01 {0.52) 3.56
SEm+ 0.793 0.059 0.036 0.252
CD (0.05) NS NS 0.13 0.87
Ty Anilofos + 2,4-DEE 5.69 6.92 1.13 (0.78) 3.81

(0.3 + 0.45 kg a.i/ba)
Ty Joint formulation 6.71 8.54 1.19 (0.92) 3.96

(0.3 kg a.i/ha)
T4 Joint formulation 3.30 7.35 1.81 (0.89) 3.89

(0.45 kg a.ifha)
T4 Anilofos 0.3 kg a.l/ha) 10.20 8.53 1.13 (0.78) 3.69
T5 Anilofos 0.45 kg a.i/ha) 10.20 7.7 1.05 (0.60) 3.36
T 2,4-DEE 0.4 kg a.ifha 7.50 B.42 1.41 (1.49) 431
T7 2,4-DEE 0.6 kg a.i/ha 5.75 9.34 1.26 (1.09) 4.81
Tg Butachlor 1.25 kg a.i/ha 6.36 9.31 0.96 (0.42) 3.37
Hw ........................................... 1 37 ........ 4 57 ....... 1 21 (0 96) e 1 45 ......
UwcC 11.75 17.43 2.99 (8.44) 4.42
SEmj; ........................................ 0889 . 0 807 ..... 0075 ............. 0327 s
CD (0.05) 2.52 NS 0.21 0.93
Stages of observation Subplot

' 1993 1994

30 DAS T3 Ty T7 Ty To Tg Ts T4
60 DAS NS TS‘TS T4 Tl T3 T2 T—, T6

Harvest --

* Transformed data : /X + 05 transformation

( ) Original value

TsTg T4 T1 T3 Tp Tg TIg
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Table 35a. Interaction effect of herbicides with time of application on the removal
of nitrogen by weeds (1993) (kg/ha)

Treatments 30 DAS 60 DAS
M; T : 6.80 8.50
M; T, 4.60 9.33
My Ty : 3.43 6.60
M T, 19.10 6.77
M; Ts 5.37 12.23
M, Tg 6.77 8.50
M Ty 6.63 7.47
M; Tg 8.47 7.07
My Ty : 5.2 7.37
M, T, 6.63 13.00
My Ty 4.07 7.23
My T4 9.50 8.17
M, Ts 17.93 8.23
M, Tg 6.07 8.10
M, Ty 6.03 10.80
M, Tg 3.43 6.67
M3 Ty 4.93 6.90
Mj T, 7.70 6.57
M; Ty 2.40 9.67
Mj Ty 6.07 12.33
M3 Ts 8.67 9.50
M3 Tg 8.23 7.30
My Ty 4.57 6.67
Mj Tg 9.07 12.27
My Ty 5.80 5.40
My T, 7.90 5.27
My Ty 3.30 5.90
M4 T, 7.70 6.87
My Ts . 8.83 9.10
M, Tg 8.97 9.77
M, Ty 5.77 12.43
M, Tg 4.97 11.23
SEm+ 1.779 | 1.614

CD (0.05) 5.04 4.57
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Table 35b. Interaction effect of herbicides with time of application on the
nitrogen removal by weeds (1994) (kg/ha)

Treatments 30 DAS* Harvest
M T, 1.41 (1.49) 4.29
M T, 1.41 (1.49) 5.01
M| Ts 1.76 (2.60) 5.67
M Ty 1.37 (1.38) 3.67
M; T 1.08 (0.67) 4.83
M| Tg 1.69 (2.36) 5.06
M T, 1.29 (1.16) 6.27
M; Tg 1.29 (1.16) 2.88
My T} 1.09 (0.69) 3.40
M; T, 1.22 (0.99) 3.37
M, T3 ' 1.15 (0.82) 4.43
My Ty 1.06 (0.62) 3.46
M, T 1.15 (0.82) 3.99
M, T 1.02 (0.54) 2.81
M, T, 1.10 (0.71) 6.24
M, Tg 0.90 (0.31) 1.56
M3 Ty 1.14 (0.80) ' 4.31
M3 T, 1.28 (1.14) 3.60
M3 T3 0.96 (0.42) 2.85
M3 Ty 1.08 (0.67) 4.58
M3 Ts 1.14 (0.80) 2.37
M3 T 1.24 (1.04) 5.11
M3 T, 1.52 (1.81) 3.52
M3 Tg 0.78 (0.11) 3.03
My T; 0.87 (0.26). 3.23
My T, 0.90 (0.31) 3.85
My T3 0.85 (0.22) 2.62
My T, 1.00 (0.50) 3.04
My T 0.81 (0.16) 2.26
M, Tg 1.69 (2.36) 4.24
M, Ty 1.14 (0.80) 3.22
My Tg 0.84 (0.21) 6.03
SEm+ 0.149 0.635
CD (0.05) 0.42 1.79

* Transformed data < /X + 0.5 transformation
() original value
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though no significant difference was noticed between herbicides comparatively lower
values for mitrogen removal were observed in tank mix application of anilofos and

2,4-DEE and joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha.

In the second year almost all the treatments recorded nil value for dry
matter accumulation of weeds in the initial stage. Hence no values were recorded for
nitrogen removal at 30 DAS. At 60 DAS butachlor @ 1.25 kg a.i./ha recorded the
lowest nitrogen removal and was comparable with anilofos @ 0.45 and 0.3 kg
a.i./ha and tarnk mix application of anilofos and 2,4-DEE (0.3 + 0.45 kg a.i./ha).
However the tank mix application of anilofos and 2,4-DEE was similar to its joint
formulation at 0.45 and 0.3 kg a.i./ha. The same trend was noticed at harvest also,
wherein butachlor @ 1.25 kg a.i./ha was comparable with anilofos at 0.45 and 0.3
kg a.i./ha, tank mix application of anilofos and 2,4-DEE and both the doses of joiat
formulation of anilofos and 2,4-DEE.

The interaction effect of herbicides with time of application during the
first year at 30 DAS revealed that joint formulation of anilofos and 2,4-DEE @ 0.45
kg a.i./ha at 6, 9 and 0 DAS and butachlor@ 1.25 kg a.i./ha at 3 DAS were equally
effective in reducing nifrogen removal by weed. At 60 DAS joint formulation of
anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 9 DAS, its tank mix application at 9 DAS,
higher dose of the joint formulation of anilofos and 2,4-DEE at 9 DAS and butach-
lor @ 1.25 kg a.i./ha at 3 DAS were comparable. Hand weeding was comparable
with the above treatments. Similar trend was noticed in the second year also both at

60 DAS and at harvest.

The lower values of nitrogen removal by the above treatments follow the

same trend as in the dry matter accumulation of weeds.

9
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b) Phosphorus (Tables 36 and 37)

In the first year of study significant difference between herbicides was
noticed only at 30 DAS. Lowest phosphorus removal was recorded with joint formu-
Jation @ 0.45 kg a.i./ha and was similar to its tank mix application and butachlor @
1.25 kg a.i./ha. However in the second year both at 60 DAS and at harvest anilofos
@ 0.45 and 0.3 kg a.i./ha, joint formulation of anilofos and 2,4-DEE @ 0.3 and
0.45 kg a.i./ha, tank mix application of anilofos and 2,4-DEE and butachlor @ 1.25

kg a.i/ha were comparable.

During the first year the interaction effect of herbicideé With‘time of
application was significant only at the initial stage. At 30 DAS hand weeding
recorded the lowest phosphorus removal by weeds and was comparable with the
joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ba at 9 and 6 DAS and
butachlor @ 1.25 kg a.i./ha at 3 and 9 DAS. Results of the second year revealed
that both doses of the joint formulation of anilofos and 2,4-DEE i.e. 0.3 and 0.45 kg
a.i./ha at later stages of application, anilofos @ 0.45 kg a.i./ba at 9 DAS, butachlor
@ 1.25 kg a.i./ha at 3 DAS were equally effective in reducing phosphorus removal
by weeds.

This retains the same trend of dry matter accumulation of weeds in the

above treatments. r
¢) Potassium (Tables 38 and 39)

During the first year at 30 DAS joint formulation of anilofos and 2,4-
DEE @ 0.45 kg a.i./ha recorded the lowest potassium removal by weeds and was
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Table 36, Effect of herbicides and time of application on the removal of
phosphorus by weeds (kg/ha)
Treatments 30 DAS 60 DAS Harvest
1993 1993 1994+ 1994
M; (0 DAS) 2.39 2.64 0.82 (0.17) 0.49
M, (3 DAS) 1.85 2.7 0.75 (0.06) 0.39
M3 (6 DAS) 1.56 2.01 0.76 (0.08) 0.32
M4 (9 DAS) 1.78 2.73 0.75 (0.06) 0.34
SEm+ 0.104 0.274  0.005 0.027
CD (0.05) 0.36 NS 0.02 0.09
Ty Anilofos + 2,4-DEE 1.37 2.06 0.75 (0.06) 0.37
(0.3 + 0.45 kg a.i/ha)
To Joint formulation 1.78 2.51 0.77 (0.09) 0.34
(0.3 kg a.i/ha)
T3 Joint formulation 1.14 2.53 0.78 (0.11) 0.40
(0.45 kg a.i/ha)

" T4 Anilofos 0.3 kg a.i/ha 2.94 2.34 0.76 (0.08) 0.31
Ty Anilofos 0.45 kg a.i/ha 2.61 294 0.74 (0.05) 0.29
T¢ 2,4-DEE 0.4 kg a.i/ha 1.98 2.82 0.82 (0.17) 0.42
T7 2,4-DEE 0.6 kg a.i/ha 1.75 3.26 0.78 (0.11) 0.62
Tg Butachlor 1.25 kg a.i/ha) 1.59 3.04 0.75 (0.06) 0.32
s VTR P o5 (008) ...... i
UwcC 3.89 3.98 1.29 (1.16) 1.24
SEmj: ........................................ 01920363 ..... 0014 ............. 0039
CD (0.05) 0.54 NS 0.04 0.11
Stages of observation Subplot

1993 1994
30 DAS T3 Tl Ts T7 T2 Tﬁ T5 T4 -
60 DAS NS TgTg Ty T4 Ty T3 T Tg
Harvest - TS Ty Ts Ty Ty T3 T6 T7

* Transformed data : +/x+0.5 transformation
( ) Original value




Table 37. Interaction effect of herbicides with time of application on the removal

of phosphorus by weeds (kg/ha)

30 DAS 60 DAS* Harvest

Treatments (1993) (1994) (1994)
M Ty 1.33 0.77 (0.09) 0.45
M T, 1.63 0.81 (0.16) 0.40
M T4 1.73 0.92 (0.35) 0.54
M T, 4.70 0.79 (0.12) 0.42
M; Ts 2.17 0.75 (0.06) 0.36
M; Tg 2.23 0.89 (0.29) 0.54
M; T, , 2.67 0.79 (0.12) 0.86
M; Tg 2.70 0.80 (0.14) 0.31
M, T, 113 0.74(0.05 0.29
M, T, 1.90 0.75 (0.06) 0.32
M, Ty 1.23 0.75 (0.06) 0.50
M, Ty 3.00 0.74 (0.05) 0.29
My Ts- 3.20 0.77 (0.09) 0.36
M, Tg 1.57 0.74 (0.05) 0.27
M, T, 1.57 0.76 (0.08) 0.91
My Tg 1.17 0.72 (0.02) 0.20
Mj T 1.23 0.75 (0.06) 0.35
M3 Ty 1.67 0.78 (0.11) 0.29
Mj T3 0.93 0.73 (0.03) 0.29
M3 T4 1.83 0.76 (0.08) 0.30
Mj Ts ' 1.93 0.72 (0.02) 0.24
My Tg 2.20 0.78 (0.11) 0.45
M3 T, 1.33 0.82 (0.17) 0.39
Ms Tg 1.37 0.71(0.004) 024
M4 Ty 1.77 0.73 (0.03) 0.37
My T, " 1.90 0.72 (0.02) 0.33
M, T; 0.67 0.72 (0.02) 0.27
My Ty 2.23 0.74 (0.05) 0.22
M,y Ts 3.13 0.71 (0.004) 0.19
M, Tg 1.93 0.85 (0.22) 0.44
M, Ty 1.43 0.75 (0.06) 0.34
M, Tg 1.13 0.75 (0.06) 0.52
SEm+ 0.384 0.038 0.079
CD (0.05) 1.09 0.10 0.22

* Transformed value : /X + 0.5 transformation
( ) original value
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comparable with its tank mix application and butachlor @ 1.25 kg a.i./ha. At 60
DAS joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha was similar to
anilofos @ 0.3 and 0.45 kg a.i./ha, tank mix application of anilofos and 2,4-DEE
and joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha. In the second year
at 60 DAS butachlor @ 1.25 kg a.i./ha registered the lowest potassium removal by
weeds and was similar to anilofos @ 0.45 and 0.3 kg a.i./ha and tank mix applica-
tion of anilofos and 2,4-DEE which in turn was comparable with joint formulation
of anilofos and 2,4-DEE at 0.3 and 0.45 kg a.i./ha. However at harvest anilofos @
0.45 kg a.i./ha, butachlor @ 1.25 kg a.i./ha and joint formulation of anilofos and
2,4-DEE @ 0.45 kg a.i./ha were equally effective in reducing potassium removal by
weeds.

The interaction effect of herbicides with time of aplication during the
first year reveals that at 30 DAS though hand weeding recorded lowest potassium
remnoval by weeds it was comparable with higher dose (0.45 kg a.i./ha) of the joint
formulation of anilofos and 2,4-DEE at 9 DAS and its lower dose at 0 DAS. At 60
DAS joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 9 DAS recorded
the lowest potassium removal by weeds and was comparable with its higher dose at 0
and 6 DAS, and hand weeding. Simifar trend was noticed in the second year of
study at 60 DAS and at harvest.

With respect to potassium removal by weeds also the trend in dry matter
accumulation was retained. The results conformed the findings of Vidhya (1991) and
Radhamani {(1994) wherein lowest nitrogen, phosphorus and potassium removal by

weeds were observed with the combined application of anilofos and 2,4-DEE.



Table 38. Effect of herbicides and time of application on the removal of

potassium by weeds (kg/ha)
Treatments 30 DAS 60 DAS Harvest
1993 1993 1994+ 1994

M; (0 DAS) 17.64 2353 1.51(1.78) 7.87
M, (3 DAS) 18.17 24.62 1.00(0.50) 6.52
M3 (6 DAS) 15.52 2220 1.09 (0.69) 591
My (9 DAS) 16.90 21.99 097 0.4 5.58
SEm+ 1.525 1.599 047 0.322
CD (0.05) NS NS 0.16 1.12
T; Anilofos + 2,4-DEE 14,27 2120 110(0.71) 6.31

(0.3 + 0.45 kg a.i’ha)
T, Joint formulation 17.75 2237 1.19(0.92) 6.72

(0.3 kg a.i/ha)
Ty Joint formulation 9.89 19.50 1.25(1.006) 6.25

(0.45 kg a.i'ha)
T, Anilofos 0.3 kg a.i/ha 23.03 20.61 1.09 (0.69) 6.91
Ts Anilofos 0.45 kg a.i/ha 25.31 2340 0.93(0.30) 484
Tg 2,4-DEE 0.4 kg a.i/ha 16.46 27.38 1.45(1.60) 8.20
Ty 2,4-DEE 0.6 kg a.i/ha 14.95 2559 1.24 (1.04) 7.51
Tg Butachlor 1.25 kg a.iha 14.82 2463  0.91(0.33) 4.97
HW104 ....... “90143(154) ...... e
UwcC 31.60 41.50 3200974 5.22
SEmj: .......................................... 2 236 ....... : 547 . 0096 ............. 05 15 ceen
CD (0.05) 6.33 438 0.27 1.46
Stages of observation Subplot

1993 1994

30 DAS

T3 T{ Tg T7 Tg T2 T4 T

60 DAS T3 T,

Harvest

Ty Ty T5Tgl; Tg

- TsTg T3 T Ty T4 T7 Tg

* Transformed data : /x+0.5 transformation

( ) Original value
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Table 39. Interaction effect of herbicides with time of application on the removal

of potassium by weeds (kg/ha)

30 DAS 60 DAS 60 DAS* Harvest
Treatments (1993) (1993) (1994) (1994)
M| Ty 13.73 27.93 1.39 (1.43) 7.79
M; T, 8.03 22.13 , 1.57 (1.96) 8.48
M T 13.08 16.90 2.16 (4.16) 7.89
M Ty 29.27 18.50 1.34 (1.29) 8.53
M| Ts 18.08 29.03 1.04 (0.58) 6.35
M, Tg 15.03 28.17 1.91 (3.15) 9.52
M| T4 20.00 25.90 1.24 (1.04) 9.66
M| Tg 23.90 19.70 1.47 (1.66) 4,72
M, Ty 15.30 22.67 1.04 (0.58) 6.11
M; T, 13.43 32.23 1.17 (0.87) 6.03
M; Ty 10.77 24.47 0.99 (0.48) 8.51
M, Ty 28.77 19.27 0.93 (0.36) 5.78
M5 Ts 29.57 19.70 1.11 (0.73) 5.31
M, Tg 15.60 22.83 0.93 (0.36) 7.26
M, T 19.57 26.17 1.07 (0.64) 9.94
M; Tg 12.36 29.60 0.76 (0.08) 3.20
M3 Ty 15.63 19.93 1.07 (0.64) 6.39
M3 T, 1707 23.23 1.19(0.92)  6.48
M4 T3 10.57 17.37 0.95 (0.40) 4.47
M3 Ty 15.80 26.63 1.14 (0.80) 8.24
M3 T; 23.011 24.40 0.85 (0.22) 3N
M3 Tg 20.43 27.33 1.35(1.32) 8.96
M3 T 9.27 18.73 1.50 (1.75) 5.58
My Ty 12.40 14.27 0.91 (0.33) 495
My Ty 32.47 11.87 0.87 (0.26) 6.09
My Ty 5.13 19.27 0.89 (0.29) 4,12
My Ty 18.27 18.03 0.94 (0.38) 5.09
My Ts 30.33 20.47 0.71 (0.004) 3.98
My Tg 14.77 31.20 1.60 (2.06) 7.08
M, T, 10.97 31.57 1.16 (0.83) 4.87
My Tg 10.87 2927 0.71 (0.004) 8.49
SEm+ 4.472 3.094 0.192 1.031
CD (0.05) 12.67 8.76 0.54 2.92

* Transformed data : /X + 0.3 transformation
( ) original value



432 Nutrient uptake by crop
a) Nitrogen (Tables 40 and 41)

At all stages of observation during both the years joint formulation of
anilofos and 2,4-DEE @ 0.45 kg a.i./ha registered the highest nitrogen uptake by
crop. It was comparable with its lower dose and butachlor @ 1.25 kg a.i./ha in

almost all the stages.

During the first year of study the interaction effect of herbicide with time
of application was noticed only at the initial stage of observation. Hand weeded plots
gave the highest value and was comparable with the joint formulation of anilofos and
2,4-DEE @ 0.45 kg a.i./ba at 9 and 6 DAS and tank mix application of anilofos and
2,4-DEE at 9 DAS. In the second year at 60 DAS anilofos @ 0.45 kg a.i./ha at 9
DAS recorded the highest nitrogen uptake value and was comparable with joint
formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 6 DAS, hand weeding,
higher dose of the joint formulation of anilofos and 2,4-DEE at 6 and 9 DAS and
tank mix application of anilofos and 2,4-DEE at 9 DAS. At harvest, joint formula-
tion of amilofos and 2,4-DEE @ 0.3 kg a.i./ha at 9 DAS gave the highest nitrogen
uptake value followed by its higher dose at 9 DAS, hand weeding and butachlor @
1.25 kg a.i./ha at 3 DAS.

The same treatments recorded the lowest nitrogen removal by weeds
indicating the better utilization of the nutrient by the crop as evidenced by higher

values of dry matter production.
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Table 40, Effect of herbicides and time of application on the uptake of nitrogen

by rice (kg/ha)
Treatments 30 DAS - 60 DAS Harvest
1993 1994 1993 1994 1993 1994

Mj (0 DAS) 6.95 1235 27.54 51.75 3031 7L59
M, (3 DAS) 568 11.54 2733 64.63 3521 79.73
M3 (6 DAS) 6.30 12.67 3222 64.58 31.15 88.09
M, (9 DAS) 7.19 12,69 30.37 72.09 33.11 92.45
SEm+ 0.521 0.578 1.674 1.405 1.860 3.280
CD (0.05) NS NS NS 4.87 NS 11.36
T Anilofos + 2,4-DEE 6.52 11.87 34.52 63.93 32.78 84.27

(0.3 + 0.45 kg a.i’ha)
Ts Joint formulation 7.13 1398 32.53 68.43 3331 9217

(0.3 kg a.i/ha)
Ty Joint formulation 8.69 15.66 35.48 76.70 42.69 89.28

(0.45 kg a.i/ha)
T4 Anilofos 0.3 kg a.i/ha 6.92 11.42 26.16 64.23 29.20 78.05
Ts Anilofos 0.45 kg a.i/ha 6.23 10.68 26.11 68.76 2802 83.06
Tg 2,4-DEE 0.4 kg a.i/ha 6.43 1126 23.48 52.65 30.6% 7742
T; 2,4-DEE 0.6 kg a.i/ba 421 1156 26.17 54.86 30.68 76.19
Tg Butachlor 1.25 kg a.i/ha 6.11 12.07 30.48 68.54 32.19 83.28
HWIIOO ...... 160753108230 59409860
UwWC 3.03 582 9.00 42.60 22.00 24.60
G 054308442333271430473749
CD (0.05) 154 239 661 6.6 863 10.62
Stages of observation Subplot

1993 1994

30 DAS Ty Ty T4 T  TgTsTg Ty T3TpTgT1T7TaTeTs

Harvest T3 T?_ Tl T8 T6 T7 T4 TS

Ty T3 Ty Tg Ts Ty Tg Tq
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Table 41. Interaction effect of herbicides with time of application on the uptake

of nitrogen by rice (kg/ha)

30 DAS 60 DAS Harvest
Treatments (1993) (1994) (1994)
M T; 7.00 63.17 70.77
M| Ty 8.17 56.47 63.26
M| T3 7.27 . 68.27 81.48
M Ty 8.60 54.70 68.22
M Ts 5.60 62.07 69.10
M| Tg 9.03 53.87 71.50
M| Ty 4.33 44.50 64.45
M Tg 5.63 58.93 83.93
My Ty 4.70 54.70 82.73
M, T, 6.03 71.97 86.62 .
M, T3 7.87 76.17 89.82
M; Ty 8.97 . 64.40 67.27
M, Ts 5.43 57.93 88.24
M, T 4.07 55.63 74.47
M, Ty 3.00 56.17 55.62
M, Tg 533 80.07 93.06
M3 Ty ' 5.17 56.87 92.08
M3 T, 6.13 82.30 96.18
M3 T3 9.20 81.23 84.91
M3 Ty 2.90 60.43 88.94
M3 Ts 7.03 71.87 80.11
M3 Ty 7.23 56.43 90.52
M3 Ty 5.87 50.53 93.06
M3 Tg 6.87 57.00 78.89
My Ty 9.20 80.97 91.49
My T, 8.20 Co6291 122.62
My T3 10.43 81.13 100.91
My Ty 7.20 77.40 87.77
My T 6.83 83.17 94.78
My T 5.40 44.67 73.18
My T 3.63 68.23 91.65
M, Tg 6.60 78.17 77.23
SEm+ 1.085 4.437 7.498

CD (0.05) 3.07 12.31 21.23




b) Phosphorus (Tables 42 and 43)

During both the years of study significant difference between herbicides
was noticed among herbicides only at 30 and 60 DAS with respect to phosphorus
uptake. Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha registered the
highest phosph;)rus uptake value at all stages except at 60 DAS of the second year.
At 60 DAS it was coriaparable with butachlor @ 1.25 kg a.i./ha which recorded the
highest value.

In the first year the interaction effect of herbicides with time of applica-
tion was significant only at 30 and 60 DAS. At 30 DAS joint formulation of anilofos
and 2,4-DEE @ 0.45 kg a.i./ha at 3 DAS ga\.re the highest phosphorus uptake value
followed by anilofos @ 0.3 kg a.i./ha at 0 DAS, joint formulation of anilofos and
2,4-DEE at 0.45 kg a.i./ha at 9 DAS and hand weeding. However at 60 DAS hand
weeding recorded the highest value followed by higher dose of the joint formulation
of anilofos and 2,4-DEE at 0 DAS and its lower dose at 6 DAS. In the second year
joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS registered the
highest phosphorus uptake value. At 30 DAS the above treatment performed better
than hand weeding which was comparable at 60 DAS.

The trend observed in nitrogen uptake by rice was retained in the case of
phosphorus uptake also. The same treatments gave lower phosphorus removal by

weeds facilitating higher phosphorus uptake and dry matter production by rice.
¢) Potassium (Tables 44 and 45)

Regarding potassium uptake by rice significant difference between her-

bicides was noticed only at the initial stages of observation during both the years.
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Table 42. Effect of herbicides and time of application on the uptake of phosphorus
by rice (kg/ha)

Treatments 30 DAS 60 DAS Harvest
1993 1994 1993 1994 1993 1994

M, (0 DAS) 230 104 R22 754 10.711 9.57
M, (3 DAS)" 203 089 10.13 8.83 1204 9.76
M3 (6 DAS) 226 0.89 1043 958 14.44 10.72
M4 (9 DAS) 226 0.95 9.68 11.15 13.39 10.71
SEm+ 0.116 0.032 0459 0.226 0773 0.230
CD (0.05) NS NS NS 0.78 NS 0.79
Ty Anilofos + 2,4-DEE 219 091 10.26 835 1131 9.62
(0.3 + 0.45 kg a.itha)
To Joint formulation 262 092 11.12 9.18 11.83 1049
(0.3 kg a.i/ha)
Ty Joint formulation 289 1.09 12.63 1047 15.79 10.14
(0.45 kg a.itha)
T4 Anilofos 0.3 kg a.i/ha 265 092 8.96 927 11.63 945
Ts Anilofos 0.45 kg a.i/ha 2.14 0.89 7.58 10.13 1249 10.59
Tg 2,4-DEE 0.4 kg a.i/ha 206 088 . 843 7.61 1399 1045
T7 2,4-DEE 0.6 kg a.i/ha 1.28 0.9 8.15 8.31 13.53 10.92
Tg Butachior 1.25 kg a.i/ha 1.89  0.94 9.79 1090 10.60 9.84
e — R T 1800129020031067
UwC 0.70 0.55 7.10 630 673 430
SEmi .................................... O 0034 T TRy .
CD (0.05) 0.55 009 18 1.09 NS NS
Stages of observation Subplot
1993 1994
30 DAS T3 T4 Ty Ty T5TgTg Tq T3 T7TgTy T4 Ty Ts Tg
60 DAS Ty Tp T  Tg T4 TgT7Ts TgT3TsT4 Ty Ty T7 Tg

Harvest NS NS
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Table 43. Interaction effect of herbicides with time of application of the uptake
of phosphorus by rice (kg/ha)

—

(1993) (1994)
Treatments 30DAS 60DAS 30DAS 60 DAS
M Ty 2.37 9.50 1.10 6.27
M Ty 3.23 9.99 1.28 7.83
M T3 2.13 14.93 1.19 7.90
M Ty 3.40 390 0.8 6.23
M; Ts 1.37 5.03 0.91 9.03
M; Tg 2.67 7.06 0.89 7.60
M; Ty 1.37 6.13 0.98 7.83
M; Tg 1.89 9.20 1.17 7.63
My Ty 1.70 9.97 0.84 6.73
M, T, 2.17 13.92 0.71 10.53
My T; 3.67 13.87 0.95 8.73
My T4 2.63 9.53 0.91 8.97
M, Ts 1.97 7.90 0.88 8.27
M, Tg 1.67 7.23 1.02 7.47
M, Ty 1.17 8.10 1.03 8.50
M, Tg 1.30 10.53 0.84 11.47
M3 T) 2.27 11.99 0.96 9.27
Mj T, 2.77 10.83 0.85 9.80
M3 Ty 2.50 10.27 0.93 11.60
M3 T4 1.54 12.13 0.97 9.27
M3 Ts 2.53 9.60 1.08 10.17
M4 Tg 2.18 9.43 0.66 8.77
Mj Ty 1.50 10.80 0.88 6.90
Mj Tg 2.80 8.40 0.84 . 10.90
My Ty 2.43 9.57 0.74 11.13
M4 Ty 2.30 9.73 0.85 8.53
M, T3 3.27 11.43 1.29 13.63
M4 T4 3.02 10.29 1.00 12.60
M, Ts 2.67 7.80 0.69 13.07
M, Tg 1.73 10.00 0.97 6.60
M, Ty 1.07 7.57 1.1 10.00
M, Tg 1.60 11.03 0.91 13.60
SEm+ 0.384 0.725  0.069 0.767

CD (0.05) 1.09 2.05 0.20 1.75
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Table 44. Effect of herbicides and time of application on the uptake of potassium
by rice (kg/ha)

Treatments 30 DAS 60 DAS Harvest
1993 1994 1993 1994 1993 1994

M| (0 DAS) 738 1455 5548 71.06 78.45 113.11

M, (3 DAS) 6.13 12.64 5220 80.i15 79.29 12942
M3 (6 DAS) -6.83 1390 56.73 78.49 8274 141.88
M4 (9 DAS) 666 1341 66.90 86.70 82.63 137.03
SEm+ 0355 0340 4.074 1.139 4.106 3.879
CD (0.05) NS 1.18 NS 394 NS 13.44
T, Anilofos + 2,4-DEE 604 1231 5676 72.78 7570 127.60
(0.3 + 0.45 kg a.i/ha)
T, Joint formulation 7.43 1351 59.78 8I.58 79.49 136.95
(0.3 kg a.ifha)
Tq Joint formulation 872 15.19 68.74 89.63 92.08 136.01
(0.45 kg a.i/ha)
Ty Anilofos 0.3 kg a.i/ha 7.59 13.68 57.64 77.67 8450 12293
Ts Anilofos 0.45 kg a.i/ha 658 13.18 50.65 89.11 7890 13327
T 2,4-DEE 0.4 kg a.i/ha 6.43 13.66 4826 69.99 84.51 13277
T 2,4-DEE 0.6 kg a.i/ha 4.89 1440 5191 6745 7621 127.08
Tg Butachlor 1.25 kg a.i/ha 629 13.05 68.88 8463 74.83 126.30
Hw ....................................... 960 ..... 1 6401021 ..... 9890107701293
UwC 3.50 7.50 35.80 55.00 67.10 433
SEmj; .................................... 0678 06235 104215348663860
CD (0.05) 1.92 NS 1446 6.09 NS NS
Stages of observation Subplot
1993 1994
30 DAS T3 T4 T2 T5TgTg T Ty NS

Harvest NS NS



Table 45. Interaction effect of herbicides with time of application on the uptake
of potassium by rice (1994) (kg/ha}

-&

Treatments 30 DAS 60 DAS Barvest
M; Ty 14.24 72.60 116.07
M; T, 16.86 72.63 108.17
M| T3 15.80 71.10 139.40
M Ty 12.37 65.80 111.57
M Ts 12.23 82.73 112.97
M, Tg 14.03 73.70 118.03
M Ty 15.00 55.67 108.87
M; Tg 15.83 68.27 90.60
MpT;y 11.66 63.60 143.80
M, T, 10.78 86.83 154.69
My T 12.53 81.23 106.23
My Ty 12.43 82.73 113.93
Mj Ts 11.93 79.47 141.17
M, T¢ 15.03 71.27 116.77
M, Ty 13.83 74.87 128.20
M, Tg 12.90 101.20 130.60
M3 Ty 14.50 64.37 133.80
M3 T, 14.02 96.50 137.50
M3 T3 14.52 97.17 137.23
M3 Ty 13.53 7207 135.83
M3 T 17.63 89.83 150.50
M3 Tg 11.30 70.27 151.30
M3 Ty 14.33 60.50 137.20
M3 Tg 11.37 71.21 151.67
My T 8.83 90.53 116.73
My T, 1238 . 70.37 147.43
M4 T3 17.89 103.00 161.17
My Ty 16.40 .~ 90.07 130.37
My Ts 10.93 104.40 128.43
My Tg T 1427 64.73 144.97
My Ty : 14.47 78.77 134.83
My Tg 12.10 91.77 132.33
SEin:t 1.246 4.307 7.719

CD (0.05) 3.52 12.19 21.8




Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha registered the highest
potassivm uptake by the crop. The same combination was similar to butachlor @
1.25 kg a.i./ha at 60 DAS and the lower dose of the joint formulation of anilofos
and 2,4-DEE @ 0.3 kg a.i./ha.

Interaction effect of herbicides with time of application was observed
only in the second year. At 30 DAS joint formulation of anilofos and 2,4-DEE @
0.45 kg a.i./ha at 9 DAS gave the highest value and was comparable with its lower
dose at 0 DAS and butachlor @ 1.25 kg a.i./ha at 0 DAS. Though singular applica-
tion of anilofos @ 0.45 kg a.i./ha at 9 DAS registered the highest value at 60 DAS,
it was comparable with joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha
at 9 DAS and butachlor @ 1.25 kg a.i./ha at 3 DAS. At harvest higher dose of the
joint formulation at 9 DAS recorded the highest value.

The uptake of potassium also followed the trend in uptake of nitrogen
and phosphorus. The same treatments recorded the lowest values for nitrogen,
phosphorus and potassium removal by weeds and consequent reduction in the compe-
tition by weeds, resulting in higher nitrogen, phosphorus and potassium uptake as
well as dry matter production by the crop. This is in accordance with the findings of
Pandey and Thakur (1988) and Radhamani (1994) wherein higher nutrient uptake

was observed with the application of mixture of anilofos and 2,4-DEE.
4.4 Economics (Table 46)

In the first year, highest total return was obtained from hand weeded
plots. Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 6 DAS had
the next highest total returns, followed by its application at 9 DAS. During the
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second year joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS
gave the highest total returns followed by singular application of anilofos @ 0.45 kg
a.i./ha at 3 DAS and joint formulation of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at

6 DAS. The lowest total return was recorded by the unweeded control.

With regard to the benefit cost ratio, hand weeded plots gave the highest
value followed by higher dose of the joint formulation of anilofos and 2,4-DEE i.e.
0.45 kg a.i./ha at 6 DAS in the first year. However in the second year application of
the joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS recorded
the highest value followed by its lower dose at 6 DAS. Unweeded control gave the

lowest benefit cost ratio.

Irrespective of the year cost of cultivation was more in hand weeded
plots compared to that in herbicide treated plots. During the first year due to the
subsequent weed infestation consequent to lack of proper flooding one month after
seeding the crop, yield was comparatively lower in the herbicide treated plots.
However inspite of the highest cost of cultivation hand weeded plots recorded more
grain and straw yields and hence highest total return of Rs.7727.20/ha. In the second
year joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS gave the
highest total return of Rs.16342.50/ha. Though the application of joint formulation
of anilofos and 2,4-DEE @ 0.45 kg a.i./ha was costlier than its lower dose i.e. 0.3
kg a.i./ha, the higher yield obtained in them led to higher benefit cost ratio. Howev-
er cost of the joint formulation was less compared to other herbicides making it
more economical over the other herbicides tested and manual method of weed con-

trol.
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Table 46. Economics of weed control operations

Treatments Total cost of cultivation Total returns Benefit cost ratio
1993 1994 1993 1994 1993 1994
M| Ty 7151.30 8362.10 1601.20 12760.70 0.22 1.53
M; T, 6808.90 8022.50 3560.40 12352.70 0.52 1.54
M T3 6889.90 8103.50 1808.00 13191.40 0.26 1.63
M Ty 6926.90 8137.70 2602.00 12448.10 0.38 1.53
M Ts 7066.90 $277.70  2982.20 13706.70 0.42 1.66
M Tg 6847.50 8061.10 2626.20  14566.40 0.38 1.81
M; Ty 6946.10 8159.70 2435.60 13104.90 0.35 1.61
M; Tg 7096.90 8310.50 3932.60 13086.30 0.55 1.57
M5 Ty 7151.30 8362.10  2390.20 15210.30 0.33 1.82
M, Ty 6808.90 8022.50 2441.80 14451.30 0.36 1.80
My T3 6889.90 8103.50 3154.40 1393870 0.45 1.72
My Ty 6926.90 8137.70 2449.00 13660.00 0.36 1.68
My Ts 7066.90 8277.70  3769.00 15935.50 0.53 1.93
M, Tg 6847.50 8061.10 2051.20 14455.70 0.29 1.79
My Tq 6946.10 8159.70 1766.00 13140.40 0.25 1.61
M, Tg 7096.90 8310.50 3155.20 13839.70 0.44 1.67
M3 T 7151.30 8362.10 3778.80 14293.30 0.52 1.71
M3 T, 6808.90 8022.50 3141.40 15720.70 0.46 1.95 .
M3 Tj 6889.90 8103.50 4892.20 14880.70 0.71 1.84
M3 Ty 6926.90 8137.70  4033.80 15052.70 0.58 1.85
M3 Ts 7066.90 8277.70 3381.60 15395.40 0.47 1.86
M3Tg  6847.50  8061.10 2461.00 14567.00  0.36 1.81
Mg Ty 6946.10 8159.70 2402.60 14825.00 0.35 1.82
M3 Tg 7096.90 8310.50 3377.60 15182.60 ' 0.48 1.83
My Ty 7151.30 8362.10  4395.80 14197.60 0.61 1.69
My T, 6808.90 8022.50 4123.80 15162.10 0.61 1.89
My T3 6889.90 8103.50 4555.00 16342.50 0.66 2.02
My Ty 6926.90 8137.70 3045.60 13390.30 0.44 1.65
My Ts 7066.90 8277.70 3847.60 14769.00 0.54 1.78
M, Tg 6847.50 8061.10 3120.40 13122.40 " 0.46 1.63
M, Tq 6946.10 8159.70 3617.20 14221.10 0.52 1.74
My Tg 7096.90 8310.50 3071.20 13920.70 0.43 1.68
HW 9226.90 11310.50  7727.20 14176.20 0.84 1.25

uwcC 6526.90 7710.50  1925.40 6663.60 0.29 0.86
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SUMMARY

A field experiment was conducted at the Agricultural Research Station,
Mannuthy under the Kerala Agricultural University, during the first crop season of
1993 and 1994 to ev'aluate the joint formulation of anilofos (aniloguard) and 2,4-
DEE for the control of weeds in dry sown rice. The experiment was laid out in split
plot design with three replications. The treatments consisted of five different pre-
emergence herbicides viz. tank mix application of anilofos and 2,4-DEE, joint
formulation of anilofos and 2,4-DEE, anilofos, 2,4-DEE and butachlor in the sub
plots. These herbicides were tried at different levels such as 0, 3, 6 and 9 days after
sowing in the main plots. Unweeded and hand v'veeded controls were also included

for comparison. The important findings of the experiment are given below.

The weed spectrum of the experimental field comprised mainly of grass-
es and sedges. The main weed species found during the first year were Cynodon
dactylon, Digitaria sanguinalis, Eleusine indica, Cyperus rotundus, Cyperus iria,
Cleome viscosa and Ageratum conyzoides. In the second year Isachne miliaceae,
Saccolepis interrupta, Echinochloa colona, Fimbrystylis miliaceae and Cyperus iria

predominated.

Among the different weed control treatments application of butachlor @
1.25 kg a.i./ha upto 3 DAS was more effective in reducing the population of
Cynodon dactylon and Isachne miliaceae. Comparable values were also obtained in
plots treated with joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9

DAS in almost all stages.
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In both the years butachlor @ 1.25 kg a.i./ha at 3 DAS and joint formu-
lation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS were comparable in
bringing down the total grass population. Among the herbicides tested joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS reduced the population of
Cyperus rotundus. 1t was similar to its lower dose i.e. 0.3 kg a.i./ha at later stages
of application and butachlor @ 1.25 kg a.i./ha at 3 DAS. The above treatments were

effective in reducing the population of Fimbrystylis miliaceae.

With respect to the control of broadleaved weeds in almost all stages
butachlor @ 1.25 kg a.i./ha at 0, 3 and 6 DAS, tank mix application of anilofos and
2,4-DEE at 9 DAS and joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha
at 9 DAS were found to be equally effective. In the first year joint formulation of
anitofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS recorded the lowest total weed
population. During the second year though butachlor @ 1.25 kg a.i./ha at 3 DAS
registered the lowest total weed population it was comparable with joint formulation
of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS.

Dry matter accumulation by weeds was lowest in hand weeded plots at
30 and 60 DAS in the first year followed by joint formulation of anilofos and 2,4-
DEE @ 0.45 kg a.i./ha at 9 DAS. In the second year butachlor @ 1.25 kg a.i./ha at
3 DAS, both the doses of the joint formulation of anilofos and 2,4-DEE @ 0.45 and
0.3 kg a.i./ha at later stages of application were found to be equally effective in

reducing dry matter accumulation by weeds.



In the first year hand weeded plots recorded the highest weed control
efficiency at 30 and 60 DAS. Among the herbicides, joint formulation of anilofos
and 2,4-DEE @ 0.45 kg _a.i.lha at 9 DAS recorded the highest weed control effi-
ciency at 30 DAS while singular application of anilofos @ 0.3 kg a.i./ha gave the
highest value at 60 DAS. During the second year at 30 DAS, complete control of
weeds could be achieved in the above treatments indicating cent per cent weed

control efficiency. However at 60 DAS singular application of anilofos @ 0.45 kg

a.i./ha at 9 DAS registered the highest weed control efficiency. At both these stages-

the above treatments were comparable with the higher and lower dose of the joint

formulation of anilofos and 2,4-DEE at 9 DAS.

No severe phytotoxic symptoms were noticed in rice consequent to the
application of the herbicides and hence no stand loss. In the second year at 30 DAS
tank mix application of anilofos and 2,4-DEE at 6 DAS gave the highest number of
tillers/m2. At harvest the same at 9 DAS gave the highest number.

In the first year taller plants were observed in hand weeded plots. It was
comparable with butachlor @ 1.25 kg a.i./ha at 3, 6 and 9 DAS and joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 6 and 9 DAS. However anilofos
@ 0.45 kg a.i./ha at 6 DAS registered the highest value in the second year closely
followed by hand weeding and joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 3 DAS.

Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS
recorded the highest dry matter production in rice in almost all stages during both

the years.
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Hand weeding, butachlor @ 1.25 kg a.i./ha and joint formulation of
anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS were comparable with respect to

effective tillers/hill. Similar trend was noticed in the case of panicle length also.

Number of grains/panicle was more in plots treated with joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS, its lower dose at 6 DAS
and hand weeded plots. Thousand grain weight also followed the similar trend.

During the first year anilofos @ 0.3 kg a.i./ha at 3 DAS recorded the
highest grain yield and was similar to the higher and lower dose of joint formulation
of anilofos and 2,4-DEE i.e. 0.45 and 0.3 kg a.i./ha at 9 DAS and butachlor @ 1.25
kg a.i./ha at 0 and 6 DAS. However hand weeding was superior to the herbicidal
treatments. In the second year joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 9 DAS and anilofos @ 0.45 kg a.i./ha at 3 DAS were also comparable

with it. Similar trend was noticed in the case of straw yield as well.

In the first year at 30 DAS joint formulation of anilofos and 2,4-DEE @
0.45 kg a.i./ha at 6, 9 and 0 DAS recorded the lowest nitrogen removal by weeds
followed by butachlor @ 1.25 kg a.i./ha at 3 DAS. Joint formulation of anilofos
and 2,4-DEE @ 0.3 kg a.i./ba at 9 DAS recorded the lowest value at 60 DAS.
Butachlor @ 1.25 kg a.i./ha at 3 DAS and hand weeding were comparable with it.
Similar trend was noticed in the second year also.

During the first year hand weeding registered the lowest P removal at 30
DAS and was similar to joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 9 and 6 DAS, butachlor @ 1.25 kg a.i./ha at 3 and 9 DAS. In the second
year both the doses of the joint formulation of anilofos and 2,4-DEE at 0.3 and 0.45
kg a.i./ha at 9 DAS, butachlor @ 1.25 kg a.i./ha were comparable.



Joint formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS,
its lower dose at 9 DAS, butachlor @ 1.25 kg a.i./ha at 3 DAS and hand weeding

were comparable and recorded lower potassium removal by weeds.

In the first year joint formulation of anilofos and 2,4-DEE @ 0.45 kg
a.i./ha at 9 DAS recorded highest nitrogen uptake by the crop followed by its appli-
cation at 6 DAS in almost all the stages. However in the second year joint formula-
tion of anilofos and 2,4-DEE @ 0.3 kg a.i./ha at 6 DAs; higher dose of the joint
formulation at 9 DAS and hand weeding were equally effective and recorded higher

nitrogen uptake by rice.

With regard to P uptake by the crop during both the years joint formula-
tion of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS and hand weeding were

similar and gave higher values. Potassium uptake also followed the same trend.

During the first year hand weeded plots recorded the highest total returns
and benefit cost ratio followed by the joint formulation of anilofos and 2,4-DEE @
0.45 kg a.i./ha at 6 DAS. In the second year joint formulation of anilofos and 2,4~
DEE @ 0.45 kg a.i./ha at 9 DAS gave the highest total returns and benefit cost
ratio. In general, among the herbicides tested the higher dose of the joint formula-
tion of anilofos and 2,4-DEE i.e. 0.45 kg a.i./ha was more economical in terms of

total returns and benefit cost ratio.
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Plate 1. View of the plots showing different
treatments

a)  Joint formulation of anilofos and 2,4-DEE
at 0.3 kg a.i./ha at 9 DAS

b)  Joint formulation of anilofos and 2,4-DEE
at 0.45 kg a.i./ha at 9 DAS






2.¢)  Tank mix application of anilofos (0.3 kg a.i./ha)
and 2,4-DEE (0.45 kg a.i./ha) at 9 DAS

d)  Butachlor at 1.25 kg a.i./ha at 3 DAS






3.e) Hand weeded control

f)  Un weeded control
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APPENDIX-Ia
Weed flora of the experimental field (1993)

Scientific name Common name Family

A. Monocots

(i) Grasses

1. Cynodon dactylon (L ) Pers.  Bermuda grass, Star grass Poaceae
Karuka (M)

2. Dactyloctenium aegyptium (L.) ~ Crows foot grass Poaceae

Beaur
3. Digitaria sanguinalis (1..) Crab grass, Couch Poaceae
Scop. Kattam gula (M)

4. Echinochloea colona (L.) Link Jungle rice Poaceae
Kavada (M)

3. Eleusine indica (L.) Gaertn Fowl foot grass Poaceae
Kattuchama (M)

6. Isachaemum rugosum Salisb Padappanpullu (M) Poaceae

7. Panicum repens L. Torpedo grass Poaceae
Inchipullu (M)

(ii) Sedges

1. Cyperus iria L. Yellow nut sedge Cyperaceae
Manjakora (M)

2. Cyperus romundus L. Purple nut sedge Cyperaceae
Nut grass
Muthanga (M)

(iii) Other monocots '

1. Commelina benghalensis L. Hairy wandering jew Commelinaceae
Vazhapadatti (M)

B. Dicots

1. Cleome viscosa L. Kattukadukku (M) Capparaceae

2. Emilia sonchifolia Moyal cheviyan (M) Compositae

3. Euphorbia hirta L. Gargen surge Euphorbiaceae
Asthama weed

4. Ludwigia parviflora (Roxb.) Neergrambu (M) Onagraceae




APPENDIX-Ib
Weed flora of the experimental field (1994)

Scientific name Common name Family
A. Monocots
i) Grasses
1. Echinochloa colona (L.) Link Ju%le rice Poaceae
Kavada (M)
2. Echinochloa crusgalli (L.) Barn yard grass Poaceae
Beauv. Kavada (M)
3. Isachne miliacea Roth Changalipullu (M) Poaceae
4. Ischaemum rugosum Salisb Padappanpullu (M) Poaceae
5. Saccolepis interrupta (Willd.) Pollakkalla (M) Poaceae
Stapf
(1i) Sedges
1. Cyperus iria L. Yeltow nut sedge Cyperaceae
Manjakora (M)
2. Fimbristylis miliacea (L.) Vabl  Mung (M) Cyperaceae
(iii) Broad leaved weeds
1. Ammania baccifera Linn Blistering Ammania Lytheraceae
Kalloorvanchi (M)
2. Dopatrium junceum (Roxb.) Scrophulanaceae
Bunch Ham ex Benth
3. Eriocaulon quinquangulare L., Eriocacelaceae
4. Monochona vaginalis (Burm.f.) Neelolpalam (M) Pontederiaceae
Presl. ex Kunth. -
5. Sphaeranthus indicus Linn. Adakkamanian ™M) Compsitae
6. Sphenochlea zeylanica Gaertn. Sphenocleaceae




APPENDIX-Ila
Treatment effects on rice in the visual scoring scale of 0 to 9

Treatments 1993 1994

M Ty 2
M; T, 2
M Ty 3
M Ty 2
M) Ts 3
M; Tg 3
M| T, 3
M Tg 4
My Ty 2
My Ty 2
My T3 3
My Ty 2
My Ts 2
M, Tg 3
M, Ty 3
M, Tg 3
M3 Ty 2
M3 T, 3
M3 T3 3
M3 Ty 3
M3 Ts 3
M3 T 3
M3 Ty 2
M3 Tg 3

2

2

2

3

2

2

2

2

HWHHHMHHNMMMHMNO\MNNHNNHN

My Ty
My Ty
M4 Ty
My Ty
My Ts
M, Tg
M, T,
M4 Tg

L =R S L R S ]

0 - No injury, normal

1 - Slight stunting, injury or discolouration

2 - Stand loss, stundjog or discolouration

3 - Injury more pronounced but not persistent
4 - Moderate injury recovery possible

5 - Injury more persistent, recovery doubtful
6 - Near severe injury, no recovery possible
7 - Severe injury, stand loss

8 - Almost destroyed, a few plants surveyed
9 - Very few plants alive



APPENDIX-1Ib
Treatment effects on weed in the visual scoring scale of 0 to 9

Treatments 1993 1994

M) Ty
My Ty
M) T3
M T,
M Ts
Ml T6
M Ty
M; Tg
M, Ty
M, T
My T3
M, T,
My Ts
M; T
M3 T
M, Tg
M3Ty
M3Ty
M3 T3
M3 Ty
M3 Ts
M3 Ts
M3 T
M3 Tg
My Ty
M, T
My Ty
M, Ty
M, Ts
M, Tg
My T
M, Tg

th v O & & O O Y b Gy OV b = Oy B R R RN R e b WA ROV
P O Y. SRR I Y- T - N I - N - - B~ Y- - - B = B - W = W~ B Y- B+ B = B = B = AN~ AT - - - - R~ B R

0 - No control 5 - Deficient-moderate

1 - Very poor controi 6 - Moderate control

2 - Poor control 7 - Satisfactory

3 - Poor to defecient control 8 - Good control

4 - Deficient control 9 - Good to excellent control



APPENDIX-II

Details of the herbicides used in the experiment

1. ANILOFOS

Chemical Name

Structural Formula

Family/group
Manufacturer
Trade Name
Molecular weight

Mode of action

2. 2,4-DEE
Chemical Name
Structural Formula
Family/group
Manufacturer
Trade Name
Molecular weight

Mode of Action

. S-[N-(4-chlorphenyl)-N-isopropyl carbomoyl

methyl-]-0,0-dimethyl dithiophosphate

! 1l

. €1 () N-C-CH,-SP-(0CH),

§]
0

: Organo pliosphorus

: Gharda Chemicals Ltd.
: Aniloguard 30 EC

: 367.5

: Selective herbicide, absorbed through the

roots, and, to some extent, through the
Ieaves

: 2-butoxyethyl (2,4 dithorophépoxy) acetate
: a1 () ~0-CHy-Co-O(CHy)y 0-CyHg
: Phenoxy acid -

: Agromore Ltd

: Agrodone concentrate 48 (34% WSC)
;3212

: Affects plant growth, meristematic cell

division and root. Influence nitrogen
metabolism and enzyme activity



3. BUTACHLOR

Chemical Name

Structural Formuh

Family/group
Manufacturer
Trade Name
Molecular weight

Mode of action

: N-(butoxymethyl)-2 chloro 2’-6’-diethyl

acetanilide
CoHs CH,0 CyHg
. :
- CoHg ~ CO CH, C1

: Amide

: Pest Control Co.
: Butachlor 50 EC
: 3119 |

:- Selective, systemic herbicide. Inhibit early

seedling growth, especially root growth.
probably associated with an interference
with cell division, cause cell enlargement.
Inhibit nucleic acid and protein synthesis.

4. Joint formulation of anilofos and 2,4-DEE

Anilofos (24%) + 2,4-DEE (32%) prepared as EC by Gharda Chemicals

Lid., Bombay.




APPENDIX-1V
Nitrogen content of weeds at different stages (%)

Treatments 30 DAS 60 DAS Harvest
1993 1993 1994 1994
M) T - 1.80 110 182 1.20
M, T, 1.33 106 1.46 1.26
M, Ty 1.37 100 136 . 130
M T, .73 113 1.59 0.93
M) Ts 0.80 13 112 136
M, Tg 1.13 130 1.56 0.83
M, T; 1.00 116 1.16 0.66
M, Tg 1.13 103 132 1.23
My Ty 113 1.0 162 1.16
M, T, 1.43 135 168 1.20
M, Ty 1.05 1.06  1.50 1.00
My T, 1.00 113 135 1.20
Mj Ts 1.87 110 132 1.35
M, Tg 1.25 100 1.40 1.00
My T 1.00 116 116 0.66
My Tg 0.90 16 134 0.93
M3 T, 0.93 0.80 1.6l 1.26
M3 Ty 1.25 080 161 1.06
M3 T3 0.65 147 107 1.00
M3 T4 0.85 135 1.40 1.10
M3 Ts 1.23 140 112 1.13
M3 Tg 1.37 100 146 1.10
M3 T; 1.30 090 1.6 0.93
M3 Tg 1.40 106  0.70 1.50
M, T, 1.17 080 077 1.10
M, T, 1.40 100 0.80 1.30
M, Tg 1.43 110 077 0.93
M, T, 1.30 123 0.94 1.23
My Ts 0.90 1.06  0.80 1.00
My Tg 1.70 L13 182 1.03
M, T, 1.33 123 132 1.05
M, Tg 1.63 110 0.70 1.45
HW 1.27 103 1.00 1.00

UwC 1.23 1.36 1.96 L.35




APPENDIX-V
Phosphorus content of weeds at different stages (%)

Treatments 30 DAS 60 DAS Harvest

1993 1993 1994 1994
M; Ty 0.33 035  0.09 0.13
M{ T, 0.47 037  0.16 0.10
M Ty 0.44 027 0.8 0.12
M T, 0.43 040 0.8 0.11
M Ts 0.29 041  0.06 0.11
M T¢ 0.39 037 020 0.09
M Ty 0.35 030  0.20 0.12
M, Tg 0.37 028 020 0.14
My T 0.23 023 0.08 0.10
M, T, 0.43 024  0.12 0.12
M, Ty 0.48 028  0.06 0.11
My Ty 0.34 032  0.05 0.10
M, Ts 0.31 037 0.10 0.12
M, Tg 0.26 034  0.10 0.09
M, T, 0.33 031  0.10 0.13
M, Tg 0.29 035  0.10 0.12
M3 T, 0.19 030  0.10 0.12
M3 T, 0.29 031 0.11 0.08
Mj Ty 0.28 0.15 0.5 Y
M3 T, 0.25 027 0.16 0.09
MyTs 0.25 041 0.04 0.12
M3 Tg 0.27 034 020 0.10
M3 T; 0.35 036  0.20 0.10
M3 Tg 0.23 027  0.10 0.11
My Ty 0.33 020  0.07 0.13
My T, 0.34 042 0.04 0.11
M, Tj 0.31 028  0.04 0.10
My T, 0.42 032 005 . 0.l
My Ts 0.32 029 0.00 0.10
My Tg 0.33 039 020 0.11
M, Ty 0.35 045  0.10 0.12
M, Tg 0.33 046 020 0.12
HW 0.20 0.60  0.14 0.10

uwcC 0.37 0.34 0.20 0.12




APPENDIX-Vi
Potassium content of weeds at different stages (%)

Treatments 30 DAS 60 DAS Harvest
1993 1993 1994 1994
M Ty 3.25 3.67  1.50 2.20
M Ty 2.30 250  1.90 2.13
M| Ty 3.25 270 2.10 1.80
M| Ty 2.67 2.90 140 2.25
M Ts 2.70 250 070 1.85
M; T¢ 2.57 303 2.10 1.57
M; Ty 2.77 337 1.50 1.40
M; Tg 2.97 290  1.80 2.00
M, Ty 3.40 290  1.07 2.23
My T, 2.85 337 1.50 2.17
M, Ty 3.10 355 070 1.96
My Ty 2.70 270 050 2.00
My Ts 3.00 2.50  0.90 1.77
M, Tg 2.76 273 0.80 1.65
M, T4 3.10 276 0.90 1.47
M, Tg 3.40 270 130 1.83
M3 T; 2.97 250 110 1.90
M3 T, 2.75 3.00 110 1.60
M3 Ty 3.10 370  0.70 1.67
M3 Ty 2.20 277 0.90 1.97
M3 T 3.20 273 040 1.87
M3 Tg 2.90 325 1.9 2.20
M3 T 2.50 257 1.60 1.50
M3 Tg 3.00 315 0.00 1.65
My Ty 3.10 220 070 1.70
My Ty 2.60 215  0.50 2.00
M, T3 2.60 350  0.50 1.50
My Ty 3.00 3.40 050 2.00
My Ts 3.10 273 0.0 1.95
My Tg 2.87 3.65  1.40 1.70
M4 T 270 2.93 140 1.60
My Tg 3.03 2.87 000 1.95
HW 1.55 200 170 © 160

uwcC 3.75 3.27 2.30 2.10




APPENDIX-VII
Nitrogen content of rice at different stages (%)

Harvest
30 DAS 60 DAS Grain Straw
Treatments 1993 1994 1993 1994 1993 1994 1993 1994

M Ty 24 29 24 19 12 1.1 08 08
M| T, 20 32 19 18 11 11 08 08
M T3 20 30 21 20 11 12 10 09
M Ty 20 2.1 14 19 09 12 09 08
M Ts 1.8 26 1.8 18 12 12 07 07
M, T 21 24 16 17 14 12 13 06
M; T, 21 22 22 17 15 L1 09 08
M Tg 21 25 18 18 14 15 09 10
M, T; 22 32 22 18 15 L1 12 08
My Ty 20 32 20 18 13 13 12 08
M, T3 21 28 16 21 14 13 L1 12
My Ty 23 27 19 18 14 12 08 07
M, Ts 1.8 25 18 17 1.6 15 08 06
M, Tg 19 24 19 17 14 12 08 08
M, T; 18 26 18 17 13 13 11 07
M, Tg 21 27 1.8 18 14 15 L1 09
M3 T; 20 29 22 19 12 13 09 09
M3 T, 19 32 20 20 13 14 09 09
Mj Ty 25 30 22 18 13 12 12 08
M3 Ty 14 27 16 19 10 12 12 08
M3 T 20 25 18 17 10 12 06 06
M3 Tg 20 27 17 17 14 13 08 07
M3 Ty 19 21 1.6 18 13 13 14 09
M3 Tg 17 27 18 17 14 13 L1 06
My Ty 27 33 20 20 14 13 11 11
My Ty 26 32 19 21 14 15 08 12
M, Ty 25 33 15 19 1.6 15 12 11
M, T4 20 28 17 19 13 14 09 09
My Ts 21 24 21 19 12 14 L1 09
My Tg 22 25 18 15 14 L1 08 07
My Ty 18 27 22 18 14 14 08 09
M, Tg 20 28 17 18 14 16 08 08
HW 25 30 23 20 17 L5 13 LI

uwC 1.8 2.0 0.8 1.5 0.9 0.9 0.7 0.6




APPENDIX-VII
Phosphorus content of rice at different stages (%)

Harvest
30 DAS 60 DAS Grain Straw
Treatments 1993 1994 1993 1994 1993 1994 1993 1994
M| T} 078 026 073 0.19 026 0.14 030 0.10
M T, 075 023 062 025 028 015 027 0.09
M; Ty 0.57 026 071 023 026 0.5 037 0.08
M| T4 065 0.18 042 022 031 016 023 0.08
M; Ts 044 023 037 025 024 015 033 0.10
M; Tg 064 020 062 023 025 014 026 0.12
M; Ty 062 020 054 030 029 016 039 0.12
M Tg 080 023 060 024 030 0.15 030 0.09
M, T; 079 023 066 023 027 015 033 0.09
M, T, 072 021 082 027 028 016 030 0.10
M, Ty 090 025 075 025 031 0.5 040 0.10
M, T, 069 022 067 025 031 016 034 0.09
M Ts 065 024 060 025 030 016 026 0.10
M, Tg 076 021 065 022 030 0.6 035 0.1
M, T, 067 022 066 025 032 015 030 0.09
My Tg 057 0.18 058 026 024 0.5 030 0.10
M3 T 0.84 022 06! 033 028 014 040 0.10
M3 T, 0.84 019 060 023 032 0.6 040 0.10
M3 T3 0.61 024 069 027 032 0.6 040 0.10
M3 Ty 070 021 072 029 023 0.5 040 0.10
M3 Ts 074 020 056 024 030° 0.16 040 0.10
M3 T 061 0.18 066 026 031 017 045 0.10
M; Ty 047 019 054 025 031 016 040 0.09
M3 Tg 071 020 051 031 031 0I5 030 0.11
MyT, 076 024 062 028 028 014 030 0.1
M, T, 0.71 0.9 055 028 027 0.6 040 0.10
My T, 077 024 054 031 035 0.7 040 0.11
My Ty 081 0.8 061 030 034 016 030 0.1
My Ts 077 020 056 030 028 0.16 040 0.09
My T 067 021 060 023 025 0.6 040 0.1l
My Ty 0.55 021 062 027 031 014 040 0.2
My Tg 063 023 055 032 031 0I5 030 0.1l
HW 066 021 074 030 038 0.6 034 0.11

UwC 0.41  0.19 059 023 023 0.14 026 0.08




APPENDIX-IX
Potassium content of rice at different stages (%)

Harvest
30 DAS 60 DAS Grain Straw
Treaments 1993 1994 1993 1994 1993 1994 1993 1994
M T 21 33 32 22 05 04 19 23
M T, 23 31 26 23 04 04 20 23
M; Ty 21 33 37 23 05 04 24 23
M Ty 22 30 39 23 05 04 24 21
M Ts 22 31 37 23 05 04 24 21
M; T 23 32 35 22 04 04 21 21
M Ty 22 30 44 21 05 04 25 22
M; Tg 20 31 40 21 04 04 21 19
My T 21 33 41 22 04 04 23 25
M, Ty 21 32 37 21 04 04 23 24
M, Ty 23 31 37 23 06 04 19 22
My Ty 24 30 32 23 05 04 23 22
M, Ts 21 30 32 23 05 04 22 22
M, Tg 21 30 31 21 04 04 22 22
M, Ty 21 29 37 22 05 04 21 23
M, Tg 20 27 33 23 04 04 21 24
M3 Ty 22 33 35 23 06 04 23 25
M; Ty 21 32 31 23 04 04 24 24
My Ty 22 33 31 22 04 04 25 24
M3 Ty 21 33 40 22 03 04 23 22
M3 Ts 23 33 28 22 05 04 22 25
M3 Tg 22 29 35 21 04 04 22 24
M3 Ty 20 30 27 22 04 04 20,22
M3 Tg 22 27 42 22 05 04 27 24
My Ty 21 28 39 23 04 04 27 21
My Ty 21 29 40 23 05 05 22 22
M, Ty 23 33 38 24 05 04 24 24
Mg T4 21 31 39 21 04 04 24 22
My Ts 22 31 39 24 03 04 23 22
My Tg 21 30 40 22 04 04 24 24
M,y Ty 22 28 38 21 05 04 23 23
M, Tg 22 30 45 21 03 04 21 23
HW 20 31 43 23 07 05 23 24

UwC 2.0 2.6 3.0 20 0.4 0.4 2.1 20




APPENDIX-X(a)(i)
Cost of cultivation excluding cost for weed control (Rs./ha) 1993

Labour charges
Cost of
Particulars materials Tractor Men  Women  Total
1. Land preparation - 1400.00 400.00 90.00 1890.00
tractor 10 hrs + 10M +3 W
2. Seed (80 kg) 480.00 - - - 520.00
Dibbling (25 W) - - - 750.00 750.00
3. Fertilizer
Urea (198 kg/ha) 554.40 - - - 554.40
Mussorie phos (225 kg/ha) 405.00 - - - 405.00
MOP (75 kg/ha) 352.50 - - - 352.50
Application (3 M) - - 120.00 - 120.00
4. Plant protection
Metacid (500 ml) 195.00 - - - 195.00
Spraying (1 M) - - 40.00 - 40.00
5. Water management (4 M) - . 16000 - 160.00
6. Harvest operation (20 W) - - - 600.00  600.00
Threshing (20 W) - - - 600.00 600.00
Cleaning & drying - - 80.00 300.00 380.00
M+ 10W)
Total 1986.90 1400.00 800.00 2340.00 6526.90
Seeds Fertilizers Labour charges
Paddy seed @ Rs.6/kg Urea @ Rs.2.80/kg Men Rs. 40/day
Mussorie phos @ Rs.1.80/kg Women Rs.30/day
Insecticides . MOP @ Rs.4.70/kg Tractor Rs.140/hr

Metacid @ Rs.195/500 ml



APPENDIX-Xa(ii)
Cost of cultivation excluding cost for weed control (Rs./ha) 1994

Labour charges
Cost of
Particulars materials Tractor Men  Women Total
1. Land preparation - 1500.00 500.00 120.00 2120.00
(tractor 10 hrs + 10 M +
3w
2. Seed (80 kg) 520.00 - - - 520.00
Dibbling (25 W) - - - 1000.60  1000.00
3. Fertilizer
Urea (198 kg/ha) 693.00 - - - 693.00
Mussorie phos (225 kg/ha) 450.00 - - - 450.00
MOP (75 kg/ha) 300.00 - - - 300.00
Application (3 M) - - 150.00 - 150.00
4. Plant protection
Dimecron 250 ml 127.50 - - - 127.50
Application (1 M) - - 50.00 - 50.00
5. Water management (4 M) - - 200.00 - 200.00
6. Harvest operation (20 W) - - - 800.00 800.00
Thrushing (20 W) - - - 800.00 800.00
Cleaning & drying - - 100.00  400.00 500.00
M+ 10W)
Total 2090.50 1500.00 1000.00 3120.60 7710.50
Seeds ertilizer Labour charges
Paddy seeds @ 6.50/kg Urea @ Rs.3.50/kg Men @ Rs.50/day
Mussorie phos @ Rs.2.00/kg Women @ Rs.40/day
Insecticides MOP @ Rs.4.00/kg Tractor @ Rs.150/hr

Dimecron @ Rs.225/1it



APPENDIX-Xb
Economics of different treatments

Treat~-
pents

Cost of Weed

control cperat-

ions (Rs./ha)

1993

1994

Total cost of
cultivation

(Rs. /ha)

1993

1994

Return froe
grain yield

1993 1994

Return fromn
straw yield

1993

1994

Total return

1993

1994

W1
oY)
h T4
BTy
H I5
B Tg
i Iy
Hy Tg
T
Hy T
By 13
Hy Ty
B 15
Hy %5
b1
Hy Ty
By Ty
Hy T
Hy T3
LRY
Hy T
Hy Tg
Hy T;

624.40
282.00
363.00
400.00
540.00
320.60
419.20
570.00
624.40
282.00
363.00
400.00
540.00
320.60
419.20
570.00
624.40
282,00
363.00
400.00
540.00
320.60
419.20

651.60
312.00
393.00
4§27.20
567.20
350,60
449.20
600,00
651.60
312.00
393.00
427.20
567.20
350.60
449.20
600.00
651,60
312.00
393.00
427.20
567.20
350.60
449.20

7151,30
6808.90
6889.90
6926.90
7066.90
6847.50
£946.10
7096.90
7151.30
6808.,90
6889.90
6926.90
7066,990
6847.50
6946.10
7096.90
7151.30
6808.90
6889.90
6826.90
7066.90
6847.50
6946.10

8362.10
8022.50
8103.50
8137.70
8271.70
§061.10
8159.70
8310.50
8362.10
8022.50
8103.50
8137.70
8277.70
8061.10
8159.70
8310.50
8362.10
8022.50
8103.50
8137.70
8271.70
8061.10
8159.70

894.00 9104.70
2586.00 8856.70
1284.00 8773.00
1482.00 8701.70
1995.00 9786.70
1203.00 10540.00
1350.00 9619.30
3027.00 9774.30
1803.00 11138.30
1485.00 9619.30
1956.00 10456.30
1869.00 10044.00
2529.00 11386.30
1512.00 10797.30
1302.00 9114.00
2040.00 9879.70
2658.00 10375.70
2187.00 11584.70
3261.00 10654.70
3345.00 11212.70
2076.00 11129.00
1629.00 9951.00
1353.00 10385.00

707.20
974.40
524.00
1120.00
987.20
1423.20
1085, 60
905.60
587.20
956.80
1148.,40
580.00
1240.00
539.20
464.00
1115.20
1120.80
954.40
163120
688.80
1305.60
832.00
1049.60

3656.00
3496.00
4418.40
3746.40
3920.00
4026.40
3485.60
3312.00
4072.00
4832.00
3482.40
3616.00
4549.60
3658.40
4026.40
3960.00
3917.60
4136.00
4226.00
3840.00
4266.40
4616.00
4440.00

1601.20
3560.40
1808.00
2602.00
2982.20
2626.20
2435.60
3932.60
2390.20
2441.80
3154.40
2449.00
3769.00
2051.20
1766.00
3155.20
3778.80
3141.40
4892,20
4033.80
3381.60
2461.00
2402.60

12760.70
12352.70
13191.40
12448.10
13706.70
14566.40
13104.90
13086.30
15210,30
14451.30
13938.70
13660.00
15935.90
14455.70
13140.40
13839.70
14293.30
15720.70
14880.70
15052.70
15395.40
14567.00
14825.00



My Tg
Hy Ty
IRy
Hy Ty
By Ty
Hy Tg
Hy Tg
Hy Ty
Hy Tg

570.00
624.40
282.00
363.00
400.00
540.00
320.60
419.20
570.00

600.00
651.60
312.00
393.00
427.20
567.20
350,60
449.20
600.00

W 2700.00
e -

3600.00

7096.90
7151.20
6808.90
6889.90
6926.90
7066.90
6847.50

6946.10

7096.90

9226.90 11310.50

6526.90

8310.50
8362.10
8022.50
8103.50
8137.70
8277.70
8061.10
8159.70
8310.50

2412.00 10633.00
2895.00 10301.30
2775.00 10375.70
3099.00 11553.70
1908.00 9278.30
2982.00 10633.00
2250.00 8618.00
2250.00 9538.70
1746.00 9526.30

965.60
1500.80
1348.80
1456.00
1137.60

865.60

870.40
1367.20
1325.60

4549.60
3896.00
4786.40
4788.80
4112.00
4136.00
4504.00
4682.40
4394.40

3377.60
4395.80
4123.80
4555.00
3045.60
3847.60
3120.40
3617.20
3071.60

15182.60
14197.30
15162.10
16342.50
13390.30
14769.00
13122.00
14221.10
13120.70

7710.50

5136.00 10261.00
135900 4302.80

2591.20
566.40

3915.,20
2360.80

7727.20 14176.20

1925.40 6663.60

Price of Qaddy/kg

Price of strawfkg

2 Hand weeding 90 W

Spray application 3 M

Cost of cultivation

excluding cost for weed

control

1993
Rs.3.00
Rs.0.80
Rs.30/W

Rs.40/H

Rs.6526.90

1994
Rs,3.10
Rs.0.80
Rs.40/W

Rs.50/H

Cost of Anilofos
Cost of 2,4-DER

Cost of Butachlor

Cost of joint formulation

Rs.280/1it
Rs.170/1it

Rs.182/1it

of anilofos + 2,4~DEE

Rs.7710.50

Bs.300/Lit



ABSTRACT

An experiment was conducted at the Agricultural Research Station,
Mannuthy during the first crop season of 1993 and 1994 to evaluate the joint formu-
lation of anilofos (aniloguard) and 2,4-DEE for the control of weeds in dry-sown
rice. The treatments included joint formulation of anilofos and 2,4-DEE (0.3 and
0.45 kg a.i./ha), anilofos (0.3 and 0.45 kg a.i./ha), 2,4-DEE (0.4 and 0.6 kg
a.i./ha), butachlor (1.25 kg a.i./ha) and tank mix application of anilofos (0.3 kg
a.i./ha) and 2,4-DEE (0.45 kg a.i./ha). Unweeded and hand weeded control were
included for comparison. The experiment was laid out in split splot design, replicat-

ed thrice.

The main weed species found during the first year were Cynodon dacty-
lon, Digitaria sanguinalis, Eleusine indica, Cyperus rotundus, Cyperus iria, Cleome
viscosa and Ageratum conyzoides. In the second year Isachne miliaceae, Saccolepis
interrupta, Echinochloa colona, Fimbrystylis miliaceae and Cyperus iria predomi-
nated.

The population of grasses were reduced by the application of butachlor
@ 1.25 kg a.i./ha at 3 DAS and joint formulation of anilofos and 2,4-DEE @ 0.45
kg a.i./ha at 9 DAS. The same treatments were equally effective in lowering the
number of sedges and broadleaved weeds. With respect to weed control efficiency
hand weeding was superior to the herbicides during the first year. However during
the second year joint formulation of anilofos and 2,4-DEE recorded the highest weed
control efficiency followed by hand weeding.



No severe phytotoxic symptoms and stand loss were observed consequent
to the application of the herbicides. Tank mix application of anilofos and 2,4-DEE
recorded the highest number of tillers/m?. Joint formulation of anilofos and 2,4-DEE
@ 0.45 kg a.i./ha recorded the highest dry matter production by the crop.

Yield attributing characters and yield were higher in plots with joint
formulation of anilofos and 2,4-DEE @ 0.45 kg a.i./ha at 9 DAS. The same treat-

ment was more economical over other herbicides in terms of total returns and benefit

cost ratio. - \_,O 6 l 5
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