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INTRODUCTION

Direct seeding of rice is 5 common practice among
farmers in rainfed areas to take advantage of early rains
for crop establishment. In Kerala rice is the principal
crop, occupying an area of 6.64lakh hectares, Out of this,
2.8& lakh hectares are cultivated during the wirippu
season, about 87% of which is under semi dry system of
rice (FIB, 1983), So in this semi dry system of cultivate
ion intermittent rains lead tc alternate wetting and drying
of soils, creating great weed problem by emerging with the
crop and competing vigorously for nutrient, apace and sun-
light and thereby reducing the grain yield. Major portion
of weed population is constituted by grassy 04 plant type
which are aggressive and competition i1s therefore greater

In dry seeded rice the yield losses due toweeds ia
very huge and vary to a great extent depending on the weed
intensity, weed competition, cultivar used and the manage-
ment level adopted. Pillal and Rao (1974) and Singh (1985)
have estimated the extent of yileld reduction in India to be
around 15-20% in transplanted rice, 30-35% in direct seeded
rice under puddled conditions and over 50-60% in upland

rice,



The most common methods of weed control practiced
from time immemorlal are the mechanical and cultural method
of which hand weeding ies the most common. But hand weeding
is 3 slow and labour intensive activity and require repeated
operation for successful wead contrel., With labour becoming
more scarce and costly, now=a-days herbicides offer a great

potential,

There are nesrly two hundred herbicides, chemically
and functionally diverse and highly selective avallable for
use in various crops including rice throughout the world.
Howaver, in dry sown rice the range of herbicides that could
be affectively used against the wesds without causing harm

to rice seedlings 18 very limited.

Herblcides like butachlor and thiobencarb are widely
recommended for pre-emergence application in dry sown (semi-

dry) rice. Studies indicate that weed free condition upto

40-60 days 1s essential for getting good vields in dry sown
rice (Ali and Sankaran, 1984a; KAU, 1984b). It is seen that
the residual activity of these herbicides will last only for
about three weeks and hence there lg every chance of weed

emergence and competition from about one month after sowing.



A single herbicide treatment with pre-emergence
herbicides like butachlor and thiobencarb alone is found
unsatisfactory (IRRI, 1978, 1980). To control the weeds
enmerging after the effect of the pre-emergence herbicide
is over, a post-emergence spraying with propanil at 30 DAS
@ 1,5 kg/ha or a hand weeding around 40 DAS is found to be
effective, However, propanil is comparatively costlier and
is not ffeely avallzble in market always. Hand weeding too

is not economical, as the labour charges are very high.

Some of the recent studies conducted by Arcec and
Mercado (1961); Ali and Sankaran (1984b)s; IRRI (1984) and
Sharma and Bisen (1985) revealed that combined application
of butachlor or thiobencarb with propanil as early post-
emergence at 15~20 DAS of the crop is more effective than

their individual application, sequentially,

A second application of the pre-emergence herbicide at
a stage when the activity of the first applied is over, may
help to extend the weed free condition. If this can be
achieved, rice crop can be freed from weed competition during
the‘critical stages completely and this will also bring
down the cost of weed control as the unit cost of butachlor
and thiobencarb is only about 50% ¢f that of propanil or
biand weeding.



Considering a2l) these aspects, the present investl-

gation was taken up with the following objectives:

(1) To evaluate the feasibility of repeated abplicat-
ion of pre-emergence herbicides for weed control

in dry sown rice,

(11) To develop a cheaper and efficient herbicide
segquence for scason long weed control in dAry sowv—

rice,

(1i1) To aesezs the crop waed competition ' in dry sown
rics in relgtion to the different waed control

methods.

(iv) To £ind out the efficiency of combined applicat-

ion of herbicides for weed control in rice,
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2. REVIEW OF LITERATURE

In direct &eeded dry sown rice weed:prdblem is very
severe whether traditional or chemical methods of control
are used, In modern agriculture where high yielding
cultivérs and adequate fertilizers are used, improved vweed
control 1is necasaaiy to obtéin high yieldé, especially in
monscon Asla, where weed contrel and land:preparatioﬁ are
_poor. In order to elicit optimum response from costly
inputa like fertiligzer, irrigation, water;etc. and to improve
the cost benefit ratio, effective weed control measures baszed
cn the major weed flora of the field are ﬁeceasary. . Secarcity
of 1abour'and increasing wages, make hand, weeding costlier
and hence modern farming haé to rely heavily on. chemicals
for protecting crops from weeds. Chemical weed control by
pre-sowing, pre-emergence And post-emergeﬁce'herbicides or
their combinations are all effective to control weeds, Many
studies have been conducted to assess the wesed problems in
rice and to develop effactive weed control measures, in
various parts of the world which have bsen recently revicwed
by Sankaran and De Datta (1985). In this chapter the results
of some trials, with special reference to ﬁry sown rice ara

reviawed.



2.1, Weed Spectrum in Dry sown Rice

About 350 species in more than 150 genera and 60 plant
families have been reported as weeds of rice (De Datta, 1977
and Barett and Seaman, 1980). Smith Jr, (1983) reported
Poaceas (Gramineae) as the most common weed family with more
than 80 species reported as weeds of r;ce. Cyperaceae rank
next iﬁ abundance witﬁ morg than 50 séecies reported as weeds
of rice (Holm gt gl., 1977). Other faﬁilﬁes with ten of more

spaclies roported as weeds of rice include Alismataceae,

Asteraceae, Tabaceae, Lythraceae and Scrophulariaceae.

Cut of 350 species lnfesting low land and upland rice,

Echinochloa glabrescens, E. crusgalli, E. colong are the

cortmon grass weeds, while Fimbristylis milisceae, Cyperus spp..
Secirpus maritimus are the lmportant weed sedges and Sphenoclea
zeylanica, Monochoris wvaginalis, Ludwigia octovalvis, Commelina

benghalensis, Marsilea minuta, Ammania badciferg and Eclipta

albg, the main broad leaved weeds (Raju and Reddy, 1986).

Holm et al., (1977) reported Echinochloa crusgalll as the most
troublesome weed of rice in the world and Echinochlea colona
as the second in impértance. Among £he 14 comvon weeds of
rice identified by Ahmed and Moody (1980) at flowering stage

Echinochloa colona and Leptochloa chinensis were the most

important ones. Other world important weeds of rice included



Cyperus difformis, C. rotundus, C. iria, Eleusine indica,

Firbristylis littoralis, Ischaemum rugosum, Monochoria

vaginalls and Sphenochlea peylonica., Ali and Sankaran (1981)

reported Echinochloa colona in grasses, Cyperus iria in
sedges snd Eclipta alba in broad Teaved as the major weed
spacies found in association with rice. Sahazl and Bhan
(1982) and Ali and Sankaran (1986) observed E. colona to be

the most competitive weed in rice.

Smith and Moody (1979) reported that weed species that
cause preblem in rice vary with soll, climate, latitude,
altitude, rice culture, seeding method, water management,
fertility level and weed control technology. Based on survey
of weed flora in paddy filelds in mid hills of Himachal
Pradesh, Phiman and Aswathi (1977) concluded that among thes
variocus families, the weeds belonging to Gramineae alone
constituted B86.45% of the total weed population and in
Gramineae family, 83.54% of weeds belonged to Echinochloa
8p. In direct seeded upland rice Biswas and Thakur (1983)
observed that out of the total weed population 14% was
constituted by Echinochloa sp. and 22% by other grasses,
Cyperus sp. constituted 23% and broad leaved weeds 41%.
Bhandari and Moody (1983) raported that out of 51 weed

specles observed in direct seeded rice more than 60% were



broad leaved, 19.6% grasses and only 17.6% sadgep. Moody
(19772) reported thst in direct seeded rice, grasses tend

to dominate. In upland rice greater infestation of grasses
and sedges were reported by several workers (Moody and Drost,
19837 Singh et al., 1986 and Jayasree, 1987). On the other
hand in transplanted rice broad leaved and grassy weeds
dominated and in broad cast rice, sedges dominated (Venugopal

9-1_:_ ﬁl.' 1983).

In India the common graas weeda that normally infest
upland dry seeded rice include Echinochloa spp., Elgusine
indica, Paspalum spp., Panicum spp., Setaria epp., Digitaria
spp., Cynodon dactylon and leptochloa sp. Among sedges
Cyperus rotundus, C. iria, C. difformis and Fimbristylis spp.
are the major weeds and among broad leaved weeds Copmelina
spp.. Luphorbis spp.,_Amaranthus spp. and Cléome viscosa are

the common ones (Singh, 1985),

Field experiments st IARI, New Delhi in unpuddled direct
sown rice showed that grasses constituted more than 50% of
the total weed f£florz. Among monocots Echinochlos colona,

Elgusine indica, Cyperus rotundus, C. irig and Commelina
benghalensis dominated whereas among dicots Digera muriata,

Trianthema portulacastrum and Corchorus acutangularis were
the major weeds (Kaushik and Mani, 1980). The major weeds




of upland irrigated rice in Marathwada included Acalypha
indica, Dinebra ritroflexa, Corchorus sestuans, Digers
arvensis, Cynodon dactylon, Alysiearpus rugosus, Abutilon
indicum and éxggxua rotundus (Shelke et al., 1?96). Sipgh
et al, (1987) 4n three trials in upland rice at G.B. Pant
University, Nainital identified Echigoéhlaa-cblon « Scirpus
grossus, Dactyloctenium aegyptium, Cyperus rotundus, C. iris

and Trilsnthema monogyna as the major veed specles, In trials
at Research Farm of Banaras Hindu University, Varanasi, major
upland rice weeds were Cynodon dactylon and Echinochloa
colona among grassesy Cyperxus rotundus is sedgesy and

Cyanotis axillaris, Buphorbis hirta, Phyllonthus nirurl and
Eelipta alba emong broad leeved weeds (Singh et al., 1986).

in the trials conducted in dry sceded bunded rice at

THAU Coimbatore, Ali and Sankaran (1986) noted Echinochloa

colona, Synadon dactvlon, Dgctyloctenium seqyptium, Panicum

repens, Paspalum sanguinale, Chloris barbata, Dinebra arabica
among grassesy Cypesrus irin and €, rotundus smong sedges and

Ecliptms alba, Trianthema monogyna, Amaranthus viridis,

Asteracantha longifolia, Chrogophora rotteri, Spilsuthes ,
paniculata, Euphorbia hirta, Phaseolus trilobug, Tridax

procumbens, Phyllanthus niruri, Comphrena decumbens, Clecms

chilidonii, Sesbanis exaltata and Corchorus olitorus'aﬁoﬁg
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broad leaved weeds aa.the major weed f;ora; In upland

rice in Karnataks state Cyperus iria, Echinochloa célona;

Eragrostis laminaris, Commelina benghélenmia. Amaranthus

viridis, Cynodon dactylon, Digitaria marginata and

Finbristvlis miligcea were the major weeds (UAS, 1986),

In upland rice in Andhra Pradesh Raghavulu and Sreerama-
murthy (1973) reported Echinochloa colona, Cyperus asp.,
Chleris barbata, Dactyloctenium gegyptium and Coirmeling
benghalensig as the major weeds., This trial carried outnat
Regional Agricultural Research 8tation, Rudrur, Nizamabad
also revealed that grasses dominated the weed £flors of

upland rice,

In Kerala, Nair gt 21, (1974) reported Echinochloa
crusgaili, Cyperus sp., Fimbristylis miliscea and Monochoria
vaginalis as the major weeds in direct seeded rice, The
. predominant weeds observed at RRS Mannuthy, Kerala under
semi~dry conditions included Cynodon dactylon, Cyperus iria,
€. gyperinus, G. difformis, Amaranthus viridis, Ageratum
conyzoides, Bupatorium odoratum, Tridgx procumbens and
Phyllanthus piruri (Nair et al., 1979). Experiments conductes
at Regional Agricultural Research Station, Pilicode in rice
under semi-dry system ldentified Echinochloz crusgalli, E.
colona, Ischsemum rugesum, Cypegus sp., Marselia quadrifolia




and Eichhornea crassipes as the predominant weeds
(Sudhakara and Nair, 1986). From Rice Research Station,
Pattambi, Pillai et a1, (1980) have reported Echinochloa

colona, Cynodon dactylon and Brachiaria ramosa as the

11

important brabses, Cyperus rotundus andug. difformic as the

dominant sedges and Amargnthus viridis, Phyllanthus nifu; p

Cleome  vipcosa and Lﬁdwigia garviflora gs the important
broad- leaved weeds., In a recent trial at Agricuitural
Research Station, Mannuthy, Jayasree (1987) identified

' isachne miliacea, Saccoleppis interrupts and Echinochloa

‘colona among grasses and, among sedges, siggggg,gggg as
the dominant weeds in rice under dry sown condition. She
has further reported that grasses and sedges constituted
major portion of the weed flora. At 30 days, grasses
accounted for 59,22% of the weed flora while sedges
accounted for pnly 39.62 per cent. The corresponding

figures at harvest were 85% and 80% respectively.

The sbove review on weed flora of rice indicate that

the weeds in wet land and upland riee vary greatly. In dry

scwn/upland rice, grasses dominate the flora wheresas in wet

land rice, broad leaved weeds are mors in abundznce. among

grasses EchinogHIOQ cclona was the most serious weed and in-

sedges Cypsrus iria dominated.
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2.2, Crop-Weed Competition in Rice

Crops and weeds compete for the same resources to grow
and develop and competition is severe when they grow in
close proximity and when the supply of the necessary factors
fall below the demands of both. Crop~weed competition is
severe between plants having similar‘growth habits because
they make the same demand upoﬁ the environment. Total loss
of crop or very low yield ¢an result if the weeds are not

removed in time,

In rice, the crop-weed competition varies with the type
of éultuza, nethod of planting {transplanting or direct
seeding), cultivar (tall or semi~dwarf, low or high tiller-
ing) and the cultural practices. OGreater crop-weed compet-
ition in direct seeded rice than in transplanted rice has
Leen reported by several workers (Pillai, 1977; Smith Jr.,
1983 and Sahai gt al., 1983).

2.2, Critical period of crop-weed competition.

In almost all crops, there is a critical period of
weed competition, when the compatition seriously atfecta_
crop growth and yield., In direct seeded ricae éalyan (1982)
has reported sévere weed competition at the early stage of

the crop due to simultaneous emergence of weeds along with



rice crop.Studies conducted by several workers have shown
that increase in duration of competition reduced crop yield
to a great extent (Vega et al., 1967 and Moody, 1981).
Singlachiar et al. (1978) reported that increase in weed
free quration resulted in more number of panicles and

ultimately higher yield,

According to Moody (1977b)only little competition
existed between rice and weeds:during the 1lst 20 days for
short cultivars and 30 or 40 days for taller, leafier
cultivars,.He concluded that the weeds germinating after
25~33% of the life cycle of rice crop had little effect on
yileld. Nair et al, (1975) reported that rice crop has the
ablility to éompete with weeds without adversely affecting
vield upto 30 days from the time of sowing. They further
reported that weed competition was more severe during
vegetative phase of the crop and weed free condition at

this stage favoured higher grain production.

Shelké at al, (1985) reported that the most crit.ca.
period for crop~weed competition in direct seeded rice was
during the ist 30 to 45 days. Reviewing the cfitical
period for weed competition, Sankaran and De Datta (1985)
have suggested a weed freé period of 50 days after sowing

in upland rice. Based on grain yield, Mukhopadhyay et al.
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(1971) and Tosh (1977) have opined a weed free peried of

55 days under upland condition during monsoon. Trizls
conducted by Ali and Sankaran (19843) upland bunded rice

in Tamil Nadu revealed that a weed free perlod of 60 days
in monsocn and 70 days in summeft wa® required to ensure
optimum yield.- Singh et al. (1987) estimated the influence
of duration of crop weed competition on grain yield and
recorded an yield reduction of 38,1% when competition
lasted for the lst 30 days while competition for the 1st
45 days and €0 days resulted in 48.2 and 74.5 per éént

reduction in grain vield.

A weed free period of 0-15 DAS for direct seeded
upland rice is esaential according to the trials conducted

at Rajendra Agricultural. University, Pusa (Pusa, 1988).

A weed free period betwgen 11-40 days produced more
rambexr of producﬁive tillers (Ali and Sankaran, 1975).

Sahal ot gl. (1983) and Singh et 21, (1987) reported
the perxiod 15-45 DAB to ba the most critical for cropeweed
competition in upland rice. They have observed that the
weeds emerging during the ist ;ﬁ DAS had no significent
effect on grain yield while weeds emerging between 15 and

30 DAS compated with the cyop resulting in reduced grain
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yield, However, Singh et al. (1987) estimated a loss of
01,4% in grain yield in rice when s weed frae condition
was maintained only for the 1st 15 days and this was found
to be on par with weedy condition for the ist ‘75 days or
upto harvest.

The abpve review indicates that the adverse effect of
weed competition on crop yield started only from 15 days
after sowlng and a weed free condition from 2 weeks after
sowing to 50 or GO days is reguired to ensure better vield

in dry sown rics,

2.2.2 Effect of weeds on growth and yvield components.

The adverse effect of weed competition on crop growth
and yield have bean studled by several researcheres. Apart
from the effect of weed compatlition on dry matter production,
the important yield components influenced include the number
of panicles/unit area and the number of filled grains/

panicle,

(a) Growth

(1) Plant height

Reduction in plant height due to weed competition was
reported by Mukhopadhyay and Bag (1967), Tasic et al. (1980)



and TMAU (19885). Reduction in plant height and hastening
of maturity has been reported by Chang (1973) due to weed
competition, Sreedevi (1979) from Kerala reported that the
height of plant in unweeded plot (61.74 cm) was lesser than
hand weeded plot (74.25 em)., However, Noda et al. (1968)
and Jayasree (1987) reported increased plant height due to

competitive stress,

(11) Dry matter production

Chakraborthy (1973) recorded reduction in crop dry matter
production dua to weed competition, Jayasree (1987) also
obtained mgximum crop dry matter production in hand waeded
plot and herbicide treated plot, while at all stages of
crop érowth. the unweeded check recorded the minimum crop
dry matter. Patel et gl. (1985) reported that in rice
nurseriaes crop dry matter weight was negatively correlated
with weed dry weight. Highest crop dry weight (45 qm‘z)
wag prodpcad wWien lowest weed dry weight (6 gmfz) wgsléet.
Jayasree (1987) also obtained negative correlation betwesn
-the dry matter production by érop and weed at all stages of
the crop with more cor:alagion coefficient at the initial
stages, indicating the importance of weed free condition

during the early stages of the crop.
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{b) Yield attributes

Reduction in productive tillers due ¢to weed competition
have baen reports=d by Sreadevi (1979) and Ramamurthy et al.
(1974) . Jayasree (1987) noticed reduction in number of product-
ive tillers/hill, length of pasnicle and number of grains/
panicle due to increoased weed density. Kaushik and Manl
(1950) and Jayasree (1987) observed that weed control treat-
mente improved grain f£filling and plumpiness, 1000 grain
welght and number of grains per.panicle Sudhskara and Nair
(1986) also reported better tillering, higher panicle weight

with effectiva weed control,

According to Swain (1967), the effect of Echinochloa
ap..in tillering was the main factor for reduction in yleld.

Arai (1967) reported that Cyperus difformis reduced tillering,

paniecle nurkers and spikelets per ear. Noda (1973) reported
that in Japan Echinochloa grusgallil was most competitive
with rice at maximum tillering or the early ripening stage.
According to him, competition during maximum tilllering
reduced the nunmber of panicles, while competition at early

ripening stage reduced grain wéight and quality.

Ghobrial (1981) estimated reduction in panicle number
per unit area by 37%, number of filled grains/panicle by
13% and 1000 grain-weight by 4% due to weed competition,
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The above review clearly indicates that weed
competition adversely affects the growth, dry matteyr
production as well as the yield attributes of dry sown

rice,

2e2.3 XYield reduction dus to weed cdmgetition

Crop yleld losses from weeds usually are proportional
to the amount of water, light and nutrients used by the weeds
at the expeuse of the crop. According to Moody (1977&),yield
reduction results mainly due to competition for nutrients,

R

esrecially during égrly growth stages.

In India, an annual loss of 15 million tons of rice
equivalent to 28% of annual production is estimated due %o
weed compétition (Pillal and Reo, 1874). All season compete
ition may reduce grain yields by 11% in transplanted rice,
;0% in direct wet seeded rice and 46% in direct dry seeded

rice (De Datta, 1979).

Uttaman (1949) raported losses ranging from 5% decline
in grain yleld to total failure of crop due to weed compet-
ition, Other estimates on losses due to weeds ranged between
10 to 9% (Mukhopadhyay et al., 1972)7 30 to 40% (Singlaw
chiar, 1977) end 60 to 75% (Babiker, 1982).



Trials conducted at CRRI Cuttack in direct seeded rice
by Dubey et al. (1976) showed total loss of crop with no
weeding., In another trial at CRRI Cuttack Moorthy and Dubey
(1981) estimated an yield reduction of 59% due to weeds in
upland rainfed rice. In West Bengal Mukhopsdhyay (1981}
estimated a yield loss a8 hich as 70 to 90% due to weed
competition. In Tamil Nadu a yield reduction of 53% in
direct seeded low 1and‘r1ce and 91% in upland rice under
unchecked waeed growth has been reported by Ali and Sanksran
(1984a) . Jayasree (1987) from Kerala reported a yield
reduction of 73.59% due to weed competition,

In direct seeded rice, in Philippines, sedges and
broad leaved weeds reduced grain yieléa by 24% while grasses
reduced yleld by B86% and their combination 100% (De Datta,
1979) . Bhan et al. (1980) also reported that grassy weeds
were more influential in reducing grain yield compared to

broad leaved uweceds,

Experiments conducted under AICRPWC indicsted that
Echinochlog infectation to an extent of 17% decreased the
yield to sbout 50% (UAS, 1985), Yield reduction of 40% in
rice with 10 planta/’m2 of Echinochloa sp., was reported by
Gupta (1984), when the weed was allowed to compete for four

wegﬁn. Matthews (1986) concluded that yield reduction of



significant importance occurred when more than 1 weed/sg.
ft. ia. approximately i1 weeds par 8g, m wag present. Dense
weed infeetation (more than 100 weeds/mz) by common rice

waeds reducad vields by 70% or more.

From the gbove literature it c¢an be concluded that in
dry sowvm rice, yleld logses are very severa and uncontrolled
waed competition may oven result in complete failure of the

CroP.

2 a 2 .‘ N!ltg.:aeﬂt ugtgl_sg ®

2.2.4.1 Hutrient drain by weeds

Weeds have larger requirement ¢f nutriants and have
higher mineral nutrient content than crop plants {(Alkamper,
1976 and Singh et al, 1988). Weeds grow faster than crop
pPlants and absorb the avallable nutrients earlier, fhua
depriving the supply of nutrients to the crop plants
(Teyakumar et al., 1987),

Many workers have estimated the compaetition for nutrients
by weeds in rice, Kakati (1976) reported that the weeds -
deprive the crop of nitrogén-to éhe extent of 64% 6£ the
normal uptake, Jayakumar et al, (1987) worked out the NPFK
removal by weeds as 31.05 kg N7 10 kg P and 32.6 kg K per
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hectara, HNHutrient removal in unweeéed plot was nearly
10 times mors than the nutrient removal in chemlcal or
manual weeding methods, According to Sankaran et al.

(1574), the uptske of nutrients by weads was 62.1 kg N»
20 kg P and 65,3 kg K per hectare which was nearly nine
times more than the removal in chemical or manual weed

gontrol mathods.

‘Bwaln {1967) reported serious compstition for nitrogen
and potassium in rice. According to Chakraborthy (1973)
competition for nitrogen was more during the f£irst half of
rice ¢crop. He found higher N c¢ontent in weed apécles than
the crop at the vegetagtive, flowering and post flowering
stages, indicating severe competition for N throughout the
upland rice growing season, Grass weeds are found to remove
higher amount of N/ha (37.1 kg) than sedges and broad leaved
weed (Mukhopadhyay et al., 1972). Verma end Mani (1970)
reported that unchecked weed growth depleted soll nitrogen
to the extent of 20 kg/ha. A loss of 26,3 kg N/ha in
unweeded treatment was reported by Manna and Moorthy (1980),
Jayasree (1987) reported a loss as high as 99,2 kg N/ha in
unweeded check compared to only 4.9 kg N/ﬁa in hand weeded
plot,
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Verma and Mani (1970) reported that unweeded control
deopleted 11,8 kg P/ha through weeds. Jayasree (1987)
reported that in weedy plots phosphorus removal could go
upto 8,71 kg/ha, whereas the same in hand wgaded plot was
only 0,54 kg/ha,

Maximum removal of K was also noted in unweeded check
65,3 kg/ha while in hand weaded, it was only 7.5 kg/ha
{Sankaran gt al., 31974). Jayasree (1987) estimated that
103,31 kg Kzo/ha was removed by weads in unweeded plot,
while it was only 5.72 kg in hand weeded check.

2.2.4,2 Crop uptake
The uptake of nutrienta by crop showad a reverse trend.

Sankaran gt al. (1974) studied the nutrient uptake of
rices erop and reported the NPK uptake by crop aa 56.6, 19.4
and 74.3 kg/ha respectively in unveeded plot and the corres-

ponding figure in hand weeded check was 102,5, 38.3 and
124,.6 kg/ha., Jayasree (1587) from Kerala reported maximum
uptake of NPK in hand weeded plot {(180.,5 kg H/ha, 20.7 kg
P/ha and 239.1 kg K/ha) while in unweeded plot it was 55,7
kg N/ha, €.7 kg P/ha and 68,3 kg K/ha.



2.3 Chemical Weed control in Dry sown Rice

2.,3.1 Pre-emargence herbhicides.

Application of pre-emergence herbicides has a special
significance in direct seeded dry sown rice since weeds
and crop seedlings emerge sinmltaneously and herbicide

treatment can eliminate weed competition.

A number of herbicides like butachlor, thiobencarb,
oxyfluorfen, oxadiazon, pendimethalin, nitroéén.‘piperphos.
dimethamatryn etc. have been found effective for pre-smergence
weed contfol in dry sown rice. Sankaran and De Datta (1985)
have reviewed the work on fhe use of some of the above

pre-~emargence herbiecides in upland rice,

2.,3.1,1 Butachlor

Butachlor, a pre-emergence herbiciée is found effective
against many annual grasges. sedges and some broad leaved
weeds. Best results are obtained when applied at 1-2 kg ai/ha
(Moody, 1977b). -

Pawan and G111 (1981) reported favoursble effect of
butachlor on yield attributing characters 1like plant height,
nunber of fertile tillers, panicle length, number of
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spikelats/panicle and test weight. Good weed control and
higher grain yield with pre-emergencs herbicilde butachlor

has been repor@éd by Tmsic et al. (1980) and Singh and Dash
(1986) in upland rice. Kennard {1973) used butachlor for
control of grassy weeds in direct sceded rice, Control of
sedges with butachlor in rice nursery was reported by Patel
2t gl. (1985). Complete control of Cyperus sp. with butachlo:
was reported by Nair et sl., (1974) and Moorthy and Manna
(1984),

In green house trials adverse effect on root and/or
shoot length and dry matter production of rice was reported
by Ahmed and Moody (1979) when butachlor at 2 kg ai/ha was
apﬁliad irmediately after seeding. blofintoye (1982) noteqd
that, though th2 rate of butachlor between 0 0 3 kg ai/ha
did not appreciably reduce the germination of rice sceds,
rates exceeding 1.5 kg ai/ha significantly reduced seedling
establishment, At IRRI an experiment 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 by ultra violet
light under irrigated conditiomns and quick degradation by

201l microbes decreased its effectiveness.
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Moody (1972) concluded that the erratic performance
of butachlor in Philippines in dry seeded rice was due to
the difference in weed population, soil properties and
climatic conditions., In upland rice, particulerly in dry
secded rainfed rice, when ponding of water occurs on the
surface of soll, phytotoxicity has been observed where the
herbicide is aﬁplied pre~emargence in dry soil (Singh, 198%5).
In the trials conducted at CRRI Cuttack.‘Chandraka and
Manna (1981) has concluded that phytotoxicity of butachlor
to germinating rice seeds is uvnavoidable 1€ héavy rainfall

occurs 4 to 5 deays aftar sowing.

2-3.1.2 ThiObencarb

Thiobencarb, a pre-energence and early ﬁost-emergenca
herbicide is used effectively against moét annmual grasses
and some broad leaved weeds in rice (Singh, 1985), It is
safe on direct seeded and transplanted rice and can be
applied from 3 days before sowing to 7 days after =sowing
(Moody, 1977b).

Thiobencarb has been found to be effective for control
of weeds in rice by many workers (Mukhopadhyay and Bag, 1967:
Tosh, 1977; Bantos et al., 19837 FAU, 1984ar Singh and Singh,
1985b and KaU, 1986b), Pillai and CGhosh {1980) found that
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both grassy and dicot weeds werz controlled by thiobencarb
application. Investigations conducted at Regional Agricult-
ural Research Station, Pattambi, Kerala, in direct sown rice,
revealed that during both first and second crop seasons
thiocbencarb controlled the wéeds most effectivaly (KaU,
1984a). Thiobencarb @ 1.5 kg al/ha was found to ba more
effective during punjs season where g:assés and all other

weeds were present (KAU, 1986a).

Balyan (1982} reportad that thickencarb 2 kg/ha as
pre=-emargence in direct seeded rice procduced more or laess
equal grain yleld as cobtained under weed free condition,

The herblcide was significantly superior in reducing dry
matter production of weeds. Bhan et al. (1985) reported

the population and dry weight of weeds tc be lowest in
direct sown r}ce when 1«2 kg fhiobenCarb/ha was applied as
pre-emergencs, In an herbicide trial conducted at CIAT
thiocbencarb 3 kg/ha pre-emergenca gave nigher yield than
butachlor at é.? kg/ha applied as pre-emergence (CIAT, 1981),
Manipon et al. (1981) also reported higher yield with
thiocbencarb application due to increased tillering, fhey
further stated that the time required for hand weeding

could be reduced when herbicides wore used. Singh & Singh(1985a)

reported that 1,6 kg thiobencarb as pre-emergence application
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was effective in minimising nltrogen depletion by wecds

and maximising nitrogen uptake by the crop.

Pande (1982)7 Trivedi gt al. (1986)7 Dwivedi (1967)
and Tiwari et gl. (1987) reported effective control of
Echinochlog sp. with thiobencarb. However, Colon et al.
(1984) reported that thiobencarb was not effective against
Cyperus iria. In the trials under the AICRFVC at Jabalpur
(JNVVK, 1987) also poor control of Cyparue iris in thioben-
carb applied plots was noticad. Tiwari et al. (1987) ‘also
reported the inefficiency of thlobencarb to control sedges

and dicote.

As in the case of butachlor Moorthy znd Manna (1982)
reported‘tbxicity of thiobencarb to rice seedlings, when

rain occurred irmmedlately after application of thiobencarb.

2.3.2 Post-emergence herbicide.

2,3.2.1 Propanil

Propanil is a selective post-emergence, contact
herbicide thaﬁ controia many annual grasses. It is effective
against some broad leaved weeds and sedges also, if these
plants have emerged and are in the scedling atagé at the

time Of gpplication.
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Manna and Dubey (1972)s Thiegarajan gt gl. (1974) and
Lasso and Pétlcmine (1982) have reported effective control
of weads and increase in grain yield by the application of
propanil. Experiments conducted at Batangas (IBRI, 1977)
observed good control of waeds and high yields with propanil.
Effactive control of grasses, broad leaved weeds and parti-
cularly sedges with propanil wa2 zlsoc reported by Singh et al.
(1986) . Kaushik et al. (1973) and Nair at al. (1974) have
reported effective control of Echinochloa sp. and Cyperus sp.
bf the use of propanll resulting in higher yicld of rics.

Effectiveness of post-cmergence application of propanil
at 1 to 4 leaf gtage, regardless of the stage of crop, was
reported by Smith (1965). Sharma and Bisen {(1985) observed
that 1,5 to 2 kg propanil/ha was quite promising as single
herbicide. Singh and Dash (1984) found that propanil @ 3 kg/
ha post=energence waz very effectlve in decreasing weed
population, weed dry weight and weed nitrogen uptake,
Mukhopa&hfay and Bag (1967) observed increase in plant height
when propanil was applied at 4 weeks and yiéld of grain when
propanil was applied at 2 and 4 weeks after planting. This
was dus to more effective reduction of weeds and consequent
production of large number of effective tillers and length

of ears under these treatments.
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The foregoing review shows that at many places
propanil was effective espacially for grass weed control,
However, in the experiments conducted at IRRI, ﬁropanill
alone failed to control weeds even whan applied at 3-5 leaf
stage of the weed (IRRI, 1981a). According to Babiker (1982)
post-emergance application of propanil alene could give
poor control of grasses, evanthough it had no adverse effact
on erop stand. Moody (1977a) has slso stated that propanil
arplied once as post-smergence was not satisfactory for veed

control in upland rice.

2.3.3 Residual sction of herbicides,

Beetman and Deming (1974) observed that butachlor had a
short =o0ll half life and that microbial decomposition was the
major avenue of digssipation. Half life of butachlor was
reported to be between S to 18 days (Xulshrestha et gl.,
1981), 17.75 daye (TNAU, 1987). When weather was hot and
alear, rapild degradation of butachlor ocecured (Chen and Chen,
1979 and Maxima gt al., 1986). The half lifa of thiobencarb
vas 2«3 weeks under mercbic conditions snd 6-8 months under
anserobic condition (Wssa, 1983)., Experiments on herbicide
Ireaidue stuﬁiea'in rice conducted in Tamil Nadu Agricultural
University obsgrved that thiobencarh haﬂ a hal% life of
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19.07 &ays (TNAU, 1987). Half life of propanil ranged
between 5-9 days and 4id not persist for more than 26 days

in the soll (Kulshrestha gt al., 1981}, Smith (1984) in

his scil persistence studies with propanil, found that over
95% of the applied propanil was degraded within seven days.
Avarage persistence at recommended rates (3.36 to 6.7 kg/ha)
in rice is reporéed to bz one to three days under warm, moist

cgonditions (WSsa, 1983),

2.3.4 Herbilcide combinations

Herbicide combinations can be applied at pre-emergsnce
or soon after emergence and ¢an be seguentially continued to
provide good weed contrel and produced yields equivalent to
those obtained from hand weeding (IRRI, 1981b). Manna and-
Moorthy (1984) reported that, in upland rice, combined use

of herbicides contreolled weeds effectively,

in Philippines, aingle application of a pre-emergence
herbicide did not give sustszined weed control but when
followed by postsemergence herbicide, recorded better yleld
(IRRI, 1981b). Singh (1985) also reported that the use of
pre-emnergence herbicids kepf the crop competition freé 6n1y
during initlal and crucial stage but falled to provide

seaszon-long protection and, to get season-long control, a
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post-emergence application was needed. Similarly, single
application of propanil alone was not sufficient for good
weed control and had to be repeated twice to get yields on

par with hand weeding (Mukhopadhyay and Bag, 1967).

Experiments conducted at IRRI (IRRI, 1980) showed
sustained weed control and maximum yields when pre-emergence
herbicides vere followed by hand weeding.  Similar reauita
have been reported by Ahmed and Moody (1982). Sudhakara and
Nair (1986), Deshmukh gt al. (1967) found that economic weed
control in direct sown rice can be achieved with applic&tioﬁ
of thiOEEBGarb-fCIIOWEﬁ by a manual woeedling at 30 DAS,

Balyan (1982) observed that thickencarb in combination with
hand weeding at 45 DAS was significently superior in redueing
dry matter preduction of weeds and in incraasing grain yield.
Manna and Moorthy (1982) reported that in upland rice,
butachlor and thiobencard, supplemented with one hand weeding.
increased grain yleld by 20~45%. Higher yields was obtained
when butachlor (Singh end Dash, 1986) or thiobencarb (Singh
and Singh, 1985b) was followed by a hand weeding.

8ingh gt al. (1973) rzeported that pre-smergenca treat-
ment of rice with butachlor followed by late post-emargence
weed control with propgnil can maintain rice fields weed

free for full season., Bhol and Singh (1987) reported that
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sequential application of butachlor (4-5 DAS)with propanil
(21 DAS) was more effective than.their individual epplicet-
ion. According to Sharma and Eisen (1985) thiobencarb and
propanil applied 10 and 14 DAS rice respectively was. the
most effactive herbicide combination which gave excellent
¢control of most of the weseds and Increased paddy yieldl.;

Studies in efﬁoctivg combination and concentration of
ha:piqidas showed that early pest-emergence application of
butachlor or thicbencarb, in combination with propanil,
resulted in effactive residuesl veed control and higher grain
yield (Dusky, 1954)., Sankaran and De Datta (1985) also
obtained yialds comparable to hand wnediné‘by the ﬁse off
herbicide donbinations. Trials conducted by and at IRRY
(IRRZ, 1960) showed that propanil, in combination with
butachlor, gave excellent weed control. Yamane égig;.
(1975)7 Ali and Sankaran (1984b) and Singh and Singh (1985a)
roqgrded highest yield with thiobencarb and propani)
combination. Experiment conducted at IRRI indicsted that
sequential and tank mixtures of pre-emergence butachlor with
propaﬁil reducedwerd Ary weidht 'by 89% =nd increased leaf
area, panicle number and grain £illing which led to high
yvields (IRRI, 19584). The total dry weight of we;dl had a
strong negstive relationship with grain vield indicatinq‘
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that effective weed control is necessary for high ylelds

'in upland rice. Similar results have been reported by
Singh and Singh (1985a) and Singh et gl. (1986). Pawan

and Gill (1982) reported the bicefficiency of thiobencard
was improved when applied as tank mix with propanil at

243 leaf stage of tha weed, Higher grain vields were
obtalned with combination of thickencarb and propanil
applied 16 DAS (All and Sankaran, 1984b). Studies conducted
at IITA (IITA, 1983) resulted in good weed control with
propanil and thickencarb combination applied am post-

enargence.

From the above review it can be concluded that
pre-emargonce herbicides have short residual 1life and hence
are effective only for onz month and hence a repeated
appliecation of a pre-emargence herbicide at the stages when
the activity of the first applied chemical has ceased or a
hand weeding around 40 days or the application of a post=-
emergence herbicides at one month are all effactiva to give
season long control. The review also shows better control

of weeds with pre-emergence and post-emergence combination

applied 15-20 Dag,
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3. MATERIALS AND METHODS

During the Virippu season of 1987, a £ield study was
conducted to evaluate the efficlency of rapeated application
of pre~amgrgence herbicides as wall as combined spplication
0f a pre~emergence and post-emergence at early post-emergence
Btage of rice s0 as to develop a cheapsr and efficient herbi-
cida sagquence for season long weed control in dry sown
rice. The materials used and techniques followed in the

experiment are discussed below,

3.1 Site, Climate and Soll

The f£ield experiment was conducted during the viruppu
(1st crop season) of 1987 ie. from June to September at
Agricultural Research Station, Manputhy of the Kerala Aqri-
cultural University, Vellanikkara, Kerala, This research
station is located at 12° 32' N latitude and 74° 20' E
longitude at an altitude of 22,5 m ghove MSL and enjoys a

typical tropical climate,

The detalls of meteorological observations for the
experimental period are presented in Table 1 and illustrated
in Fig. 1.



Table 1. Mean weakly wsather parameters for the crop periocd: May - September, 1587

Standard week Temperature{°C) Relative Total Mumber of
| humidity rainfall bright
Max Min (%) (rom) sunshine hrs.
22 May 28 « June 3 4.7 25.0 72.5 152.8 6.6
23 June 4 - June 10 31.8 23.5 68,5 42.6 4.4
24 June 11 -~ June 17 29.6 23.6 89.5 231,.3 1.4
25 June 18 - June 24 31.0 23.9 81.0 278.4 5.7
26 June 25 - July 1 ' 29.7 23.6 84.5 i64.0 3.7
27 Suly 2 - July 8 29,9 23.0 88,5 125.7 2.4
428 July 9 - July 15 29.7 23.6 85.0 133.7 4,2
29 July 16 -~ July 22 30.7 . 2348 83.5 25.6 7.8
30 July 23 - July 29 30,7 23.7 81.0 18.6 8.3
31 July 30 - August 5 30.7 23.9 82.0 20,6 6.7
32 August 6 - August 12 30.7 23.3 64,0 41.5 4.4
33 August 13 - Augunst 19 28.7 234 89,0 122.6 1.5
34 August 20 - August 26 28,1 23.3 89.5 179.9 2.2
35 August 27 - September 2 30.1 4.2 83.2 25.3 6.7
36 September 3 - September 5 30.8 23.5 80.0 30.9 7.9
37 September 10 - September 16 32.1 24,5 77.0 21.4 9.4
38 September 17 - September 23 31.7 24.1 81.0 12.2 5.8

Ge
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The soil) of the experimental field is sand clay loam
in texture. The physical and chemical nature of the soil

are presented in Table 2,

The experimental area i1s a double cropped wet land

and was under bulk crop of paddy for the last two years,

3.2 Treatmente

The treatments were 5o selected to have an understand-
ing of the relative efficiency in the application of
. butachlor and thiobencarb at sowing and repsated at 20 or
30 days with that of (a) single application at sowing salone
(b) single bamal application followed either by hand weeding
or post eémergence application of propanil, or (¢) a combined
application of butachlor or thiobencarb with propanil st

early post emergence stage.

There were 15 treatments as detailed below:

Treatment Abﬁravigtigg given

3. Un\feeded control L} ow.

2, Hand weeding (3 hand weedin?s at 21, H.W,
40 and 55 days after sowing

3. Thiobencaxrb @ 1.5 kg/ha at sowing - To

4, Thicbencarb @ 1,5 kg/ha at sowing + To + 20
Thiobencarh @ 1,5 kg/ha 20 DAS

S, Thiobencarb @ 1.5 kg/ha at sowing + To + 30

Thiobencarb @ 1.5 kg/ha 30 DAS



- Table 2. Fhysical and chemical natures of so0il of the experimental field

Particulara ‘falue Method employad
A, Physical characters
" Mechanical composition
Cowrse sand (%) 27.2
Fine send (%) .23'8 Robinsons internationzl Pipette Method
811t (5%) 22.6 (Piper, 1942)
CIaY (%) 2.4
Bulk density 1.52 Core Sampler Method (Piper, 1942)
B. Chemical composition
Crganic carbon (%) 0.661 Walkley and Black Method (Soil Survey
. . Staff, 1967}
Total H (%) 0.138 Seml Micro-Kjeldahl Method (Soil Survey
. : Staff, 1967)
Available P (Kg/ha) 32.06 Bray 1 extractant, Molybdophosphoric
acid method (Jackson, 1958
Available K (Kg/ha) 172,08 Neutral normal ammonium acetate extract,
flame photometry (Jackson, 1958)
jo' 3! 5.84 1t 2.5 soil-umter suspznsion, using a

pH meter (Jackson, 19%58)

LE



6.

7.

8.

9
10,

11,

1z2.

13,

14,

15,

Thiobencarb @ 1,5 kg/ha at sowing +

Propanil @ 1.75 kg/ha 30 DAS

Thiobencarb @ 1.5 kg/ha at sowing +

1 HW at 40 DaS

Thiobencarb @ 1.5 kg/ha + Propanil

1,75 ka/ha (tank mix) 1S5 DAS

Butachlor & 1,8

Butachlor @ 1.5
Butachlor @ 1,5

Butachlor @ 1,5
Butachlor @ 1,5

Butachlor @ 1.5
Propanil @ 1.75

Butachlor @ 1,5
1 W at 40 DAS

Butachlor @ 1.5

Propanlil zlone @ 1,75

3.3

1.
2.
3.

Design
Replication

Plot size

kg/ha at

kg/ha at
kg/ha 20

kg/ha at
kg/ha 30

kg/ha at
kg/ha 30

kg/ha at

sowing

sowing +
DAS

sowing +
DAS

sowing +
DAS

sowing +

kg/ha + Propanil
1,75 kg/ha (tank mix) 15

Design and Layout

i) Gress plot size :

ii) Border

11i) Sampling area 3

iv) Net plot size :

bAS

kg/ha 15 DAS

To 4+ P 30
To + HW,
T4+ P 15

Bo

Bo + 20
Bo + 30
Bo + P 30
Fo + H. W,
B+ P 15

P 15

Randomised Block Design

3

SmxSém= 30m

2

0.5 m on all sides
One metre strip along the 5 m

side inside the border area
4mx4mn=16m

.

The layout of the trial is given in Fig. 2.
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{.To~ =~ THIOBENCARB AT O DAS. 6.Bo - BUTACHLOR AT O DAS.

7.Bo+20 -BUTACHLOR AT O DAS+20 DAS.
8. Bo+30 -BUTACHLOR AT O DAS+30 DAS.

2.To+ 20 ~THIOBENCARB AT 0 DAS+20 DAS,

3 .To+ 30 ~THIOBENCARB AT O DAS+30 DAS.
\T T 3O DAS, -BotPxo-BUTACHLOR AT O DAS+PROFPANIL
4-Tot P3g- THIOBENCARB AT O DAS + PROPANIL AT 30 DAS 2-BotFxo! o,

5.To+ H-W- THIOBENCARB AT O DAS+HAND WEFDING AT40 DAS. 10. Bo+H-W- BUTACHLOR AT O DAS + HAND -
. WEEDING AT 40 DAS,
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H-W - HAND WEEDING,

FiG.2.
PLAN OF LAY OUT.
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3.3.1 Herbicides.

The detaills of herbicides used are given below:

Herbi;i&a Conmercial formulation Manufacturer Active
used Iingred-
’ ' lent
Thiobesncard Saturn 50 EC Pesticides India 50%
Limited
Butachlor NOCGIL Butachlor 50 EC Pest Control Co. 50%
Propanil Stam Fe34 Indof£il Chemlcals 35%

The technical details of the above chemicals are

furnished in Appendix-I,

3.3.2 Mathod of gEgliCQtig;;.

The herbicides as per treatments were sprayed uniformly
with a knapsack sprayer fitted with a £lat fzn nozzle,

Quantity of spray fluid used was 500 l/ha.

3.4 Variety

Rice variety 'Jyothl'! was used for the study. This
variety with a duration of 100 to 125 days haa red, long aﬁa
bold grains. This is moderately telerant to brown plant
hopper and blast and is susceptible to_sheath blight,
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3.5 Field Culture

The ctop wes sown on June 1st 1987. The cultivation
practices recommended for 'Jyothl' by the Kerala Agricult-
ural University (KAU, 1986) were followed. The seeds were
- dibbled at a aspacing of 15 em x 10 om. There was no serious
incidenes of diaegaea or pesﬁb excapt for rice bug'attack
at.milk'staga, which was controlled by spraying Malathion
0,1%, Aall the cultural operations axceﬁt weed control vere
fblloweé as per KAU package of practices recommendations,
Wegd control as per the treatments were given to different
plots, The crop was harvested on 18th September after 110
days,.when 80% of the grain had matured in the experimental
fi@la.

3.6 Cbhservations
3.6.1 Observations op weeds.

The obgervations on weeds were taken in duplicate from
the sampling area using a 50 an x 50 em (0,25 m23 iron

quadrat. The following observations were recorded.
(a) Weed count.

The wead count f£rom the sampling unit in each plot was

made species wise and recorded as number/mz. . The observation
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was taken at 30, 40, 50 and 69 days aftor sowing and at
_ harvest. Seperate analysis was done for count of major
weeds ap wall as for total grass, sedge and broad leaved

weed and total weesd population,
(b) Dry matter production

The weads from the sempling area in each plot were
uprooted, dried in a hot air oven and the weed dry welght
recorded in g/ma.at 30, 40, 50 and 60 days after sowing

and at harvest.
{c) Weed control efficiency

‘The weed control efficiency of the different traeatments

ware calculated using the formila

Weed control efficlency (%) = -Ji-ﬁ-z x 100
vhers X = Dry matter production of weeds in unweaded chec

¥ = Dry matter production of weeds in the treatment

3.6.2 Observations on_tha grop.
(a) Phytoioxicity
The rice seedlings wers observed for any phytotomieity

symptoms like acorching, retarded growth etc. due to
herbicide application.
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{b) Crop growth characters

(1) Dry matter production

From 0.25 m2 area using the sampling guadrat, crop
samples were also taken, oven dried and the dry matter
production recorded in g/mz; The obsarvations were taken

‘at 30, 40, 50 and 60 days after sowing and-at harvast.
(11) Helght

The plant height in centimeters was recorded on the
day of harvest. The helght was measured from the bottom
of the culm to the tip of the longest leaf or tip of ear

head, whichever was the tallest.
(11i4) Number of tillers

The total number of tillers were counted from ten "
hills and the average expressed as number of tillers per

hill,

(e) Yield attributes
{1) Productive tillers

The numbey of productive tillers weres counted from ten
hills and their average expressed as number of productive

tillera per hill,
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(11) Length of panicle

The length of pznicle was measured from the neck to

the tip of the panicle and recorded in centiweters,

(1i4) Number of grains per panicle

The number of grains in each panicle was racorded.

(1v) Thousand grain weight

One thousand grains ware counted from the cleaned

produca f£rom eéch-plot and the weight recorded in grams,

(d) Yiela

(1) Grain y

The grain harvested from each net plot was dried to
14 per cent moistura, cleamsd, winnowed and the weight
recorded in quintals/ha.

(11) SBtraw yield

- The straw from @ach net plot was dried under sun and

the weight recorded in quintals/ha.

(e) Weed index

Weed index values of the different treatments were
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calculated using the equation given by Gill and Vijayakumar

(1969).,

Weed index = 2-2Z x 100

whare X = Yield obtained from no weed plot {(Hand weeded plot)

Y = Ylield from the treatment

C 3.7 Chemical Analysis

The weed plants and crop plants collected f£rom the
sampling area ware driled separately in a hot air oven to
. constant weight, powdsred well in Wiley mill and analysed

for nitrogen, phosphorusz and potassium contents.

The methods used for analysis weres

1. Nitrogen 1 Nessler's Reagent Method (A.0.A.C. 1960)
wsing Spectronic 20 Spectrometer

2. Phosphorus ¢ Vanadomolybdophosphoric yellow colour
method using S§ectronic 20 Spectrometer
{Jackaon, 1958

3, ﬁotassium ¢ Diacid@ extract method using flame
photometer (Jackson, 1958)

The erop and weed samples were analysed for N, P and
K contents at 30, 40, 50 and 60 days after sowing and at
harvést. At harvest stage the analysis for graln and straw

was done separately.
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The dry matter of the weeds and crop was multiplied
with their respective nutrient content to arrive at the

nitrogen, phosphorus and potassium removal by weeds and c¢rop.

3,8 Statistical Analysis

The. data recorded for different characters were
compiiad, tabulated and analysed by applying the analysis
of variance technique (Panse and Sukhatme, 1978). Where
ever the 'F' tests were significant, appropriate critical
difference (CD) were calculated to test the significance of
treatment diffefences.‘ Coefficient of correlation between

the important characters were also worked out.

Analysil of variance for the data on weed population
ves carried out after square root (X + 1) transformation.
In the asnalysis of variance for the data on individual weed
population, the treatments having the same values for all

the three replications were not included.

3.9 Economics

The net return per rupee invésted under different
treatments were computed- in the basis of prevailing lsbour
charges, cost of other inputs and the market price of grain
and straw at the time of harvest.
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"4, RESULTS AND DISCUSSION

The results of the experiment conducted in Arxry sown

rice are presented and discussed in this chapter under the

following heads:

4.1

4.1.1
4,1.2
4.,1.3
4.1.4
4.2

4.2,1
4,2.2
4.2.3
4.2.4
4.2,5
4.3

4.3.1
4,3.2
4.4

Studies on vweeds

Wead apactrum

Weed population

Dry matter production by weeds
Weed control efficlency
Cbsexvations on the crop
Phytotoxricley

Crop growth characters
Yield attributes

Yield

Weed index

NHutrient uptake studies
Nutrient drain by weeds
Hutrient uptake by crop

Economies of different treatments

46
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4.1 Studies on HWeeds

4.1.1 Heed spectrum

The wead flora in the experimental field comprised
nainly of grass weeds like Isachne miligcean, Echinochloa
colona and Sgccoleppis interrunta and sedge Cyperus iris.

Broad leaved vweeds were lesser in intensity and among them
the main ones were Ludiwigia parviflora and Ammgnia
baccifersz., The list of weeds cbserved in the field are
presented in Appendix.II.

-

Grasses congstituted the major proportion of the veed
flora. The results of statistical analysis indicates that
at all stages the proportion of grasses was higher than
sedges and broad leaved weeds. At 30 days, the grass weeds
accounted for about 67% and sedges 33% of the weed flora.
The proportion of grasses and sedges in weedy check at 60
days were about 94% and 6% respectively. The population
of sedges reduced towards harvest since the life period of
Cyperus sp is 80 to 90 days. Trivedi et gl. (1985) have
reported that Cyperus iria completed its life cycle before
the harvest astage of paddy. Orass and broad leaved weed.
count also slightly declined towards harvest. The gbove

observations are 1in accordancs with the results of
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Mukhopadhyay et al. (1972), Dhiman and Aswathi (1977) who

have reported dominance of grass weeds in upland paddy.

4.1.2 Veed populagtion.

4.1.2.1 Grasses
(a) Isachne miliaces

Effect of weed control trastments on the populstion

of Isachne miliaces is presented in Table 3,

The weed conirol trestments significantly reduced the
ropulation of Isgchne compared unweeded contyrol. EBven
though propanil applicationlat 15 Qays, either alone or in
combination with butachlor, could reduce the Isachne popul-
gtion significantly, it had higher Isachne coun£ than the
other herbicide treatments. Corbination of propanil with
thichencarb at 15 Aays was better than its combination with
butachlor and the differences were significant at moat of

the stages,

At 20 days sl) the treatments involving application
of thicbencarb immediately after sowing (whether or not
conmbined with hand weeding, propenil or repeated applicat-
ion at 20 or 30 days) were stetistically on par except



Table 3, Effect of treatments on the population of Igachne miliacen (plants/mz)

-Stages
Treatments 30 DAS. 40 DaAS 50 DAS 60 DAS Harvest
T 0 T 0 by 0 ) 0 T o

Fo 5.66 31,04  5.38  27.94 - 10.45  108.2 9.76 94.26 9.17 . 83.09
To + 20 2.86 7.18 3,92 14,37  4.41 18.45 3,73 12,91 2.68 . 62.36
To + 30 5.66 31,04  3.45  10.9 4.71 . 21.18  4.66 . 20,72 4.26 17.15
o + P 30 5,5 29,25 3,18 = 9.11 4,85 22,52 4,90 23.01 4,32  17.66
To + HW 5,57 30,04 5,53  29.58 © 2.61 - 5.81 2,08  3.33 7.83  60.31
Bo 7.71  58.44 16,89 284,27 21,01 440,42 18,29 333,52 19.48  378.47
Bo + 20 6.3¢  39.2 11,90 140.6 12,05 144.2 12,54 156.25 10.9 117.61
Bo + 30 8.04 63.64 12.86 164.38 13,77  188.61 12,22 148,33 16.53  272.24
Bo + P 320 7.98 62,68 12.51 155.5 11,87 . 139.8  10.02 99.4  7.25  51.56
Bo + H,W 7.72  58.6 5.53  30.7 3.08 . 8.49 3.67 12.47 7.02 = 48.28
P 15 14,01  195.28 30,89 953,18 '26.3 . 690.69 24,61 GO4.65 20.18  406.23
T 15+ P 15 8.19 66,08 13,04 169.04 14,74 . 216.27 14.62 212.74 16.11  258.53
B 15+ P 15 13.24 174.3 22,72 515.2 25,68  658.46 20.86 434,14 23.3 541.69
H.W 3.40  10.56° 5,75 32,06 2,75 6.56 - - 4.52 19.43
U.W 20.81 432,06 49.95 2494.00 46,56 2176.16 45.63 208i.1 41.89 1753.77
SEmt 1.047 3,363 4,279 2,914 3,735

cp (0,05) 3.031 9.74 12,393 8.473 10,818

T w [x +1 Transformed value 0O = Re-transformed original value
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T 15 + P 15. Hand weeding was on par with the thicbencard>

treatments.

At 40 days after sowing To + P 30 recorded least count
of Isagchne and all the treatments involving thicbencarb
except T 18 + P 15 vere on par with this treatment. Among
the butachlor traatments, application of butachlor at zero
days followed by repaated application at 20 or 30 days or
in combination with propanil at 30 days or a hand weeding
at 40 days was on par with the above treatments, At 50 days

similar results were obtained.

At 60 days hand weaded plot recorded zero count of
Isachne because the last hand weeding was given at 55th day.
At this stgge also all the treatments involving thiobencarb
excépt'To and T 15 + P 15 recorded lower Isachne count, on
par with ﬁand weeded plot. At this stage among the treat-
ments involving butachlor Bo + H. W recorded the least count
of Isachne. This was on par with hand weeded plot and was
significantly superior to all the other butachlor treatments.
Towards harvest To + 20 recorded least count of Isachne. The
hand weeded plot and ‘all the butachlor and thicbenecarb
herbiclde treatments and their combinations except Bo + 30,

Bo and the plot where propanil was applied at 1S days either
alone or as a tenk mix with the pre-emergence herbicides

recorded weed count on par with To + 20.
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The result shows that thickbencarb was very efficient
in controlling Isachne. In the combination treatments
secondary germination of weeds were also controlled thereby
reau;ting in values on par with hand weeded plot. Applicat-
ion of propanil at 15 days either alone or imn combination
with butachlor was not very efiective as weeds had already
germinated by 15 days and complete control could not be

achisved by post-emergence herbicide propanil,

() Saccoleppls interrupta

Effect of weed control treatments on the population

of Saccoleppis interrupta is prasented in Table 4.

The unweeded check recorded the maximum count of this
weed at all stages of the crop growth. Ampng the thiokencarb
treatmants To + 20 and To + H.W recorded lower Saccoleppis
population at all stsges, The treatments To 4 30 =2nd To + P 30
wvere on par with these two treatments at all stages eventhough
they recorded higher Saccoleppis count. Among the treatments
involving thiobencarb appliqation at zero days Te recorded
higher Sacecoleppis interrupts count and this effect was
significant at 40 days and at harvest stage.

Butachlor treatments recorded lesser count of this weed

and arong them highast values were recorded by B 18 + P 15



Table 4. Effect of treatments on the population of Saccoleppis interrupta (plants/m2)

Stages
Treatments 30 DAS 40 DAS 50 DAS 60 DAS Harvest
T 0 7 0 T 0 T 0 7 0
To 3,37 10,36 4.60 20,16  5.42 28,38  5.43 28,48 8.12 64,93
To + 20 1,41 0,99 1.41 0,99 2,7 6.36 2,49 - 5,2 2.33  4.43
To + 30 . 2.28 4.2 3,06 8,36 3,95 14.6 ‘3.9 14,21 4,28 17.32
To + P 30 . 3.58 11,82 2,08 3,33 4,07 15.56 '4.49 -19.16 5.79  32.52
To + HM . 1,41 0,99 3.94  14.52 1,81 ‘0,99 2,54 - 5.45 4.10 -15.81
Bo 3.66 12,4 5.69 31,38 7.36 53,17 10.54 110,09  10.85 116.72
Bo + 20 3.39 10.49 4,57 19.88  4.49 19.16  4.82 22,23 7.27 51.85
Bo + 30 3.92 14,37 4.30 17.49 6.4 30,96 7.68 -57.98 - 7.71 5B8.44
Bo + P 30 3,53 11,46 4.10  15.8 '4,08° 15,65 6,01 35,12 7.09 49.27
Bo + H.W 3.8 '13.44 5.87 33,46 1,41 0.99 .58  11.82 5.24 26.46
P 15 6.08 35,97 B8.06 63.96 10.47  108.62 14.45 207.8 14,05 196.4
T 15 + P 15 4,42 18,54 5,74 31,95 8,44 70.23 - 9.54 90.01  11.46 130.33
B 15 + P 15 5.85 33,22 7.21 50.98 ~9.84 95,83 13.9 192,21 . 13.86 191.1
H W 2.19 3.8  2.99 7.94  1.82 2.31 - 1.41 0.99 3,00 8.0
UMW 7.21 50,99 6,34  86.24 11.56 132,63 16.03 255,96 . 18,78 351.68
SEm+: 0.773 1,071 © 0,951 2.302 1,766
cp (0.05) 2.24 3.103 - 2,753 6.667 5.113
Tw [x + 1 Transformed value 0 = Re-transformed original value



and Bo whose difference with other butachlor treatment
were significant at 50, 60 days and at harvest stage.
Among these treatments Bo + P 30, Bo + 20 and Bo + H.W
recorded comparable contzol of Sgccoleppis with that of

thiobencarb, at most of the stages.

The result on Saccoleppis interrupta population showed
almost the same trend as that of Isachne miliacea and might

be due to the reason slready discussed.

(c) Echinochlog ecolona

Table 5 presentes the data on the population of
Echinochloa colona under different weed control treatments at

various stanges of the crop.

Complete control of this weed was noted wherein thio-
bencarb was spplied at zero days and followed either by a
second application of the pre-emergence herbicide or propanil
application at 30 days or a hand weeding at 40 days. At all
stages of the crop except at 60 days and at harvest stage
thicbencarb applied at the Qay of sowing alone (To) also
racorded complgte control of Echinochloa golona. The unweeded
control recorded maximum count of this weed at all stages of
the crop grovth. Propanil applied at 15 days either alone
or as tank mix with butachlor recorded higher count of this

veed at most stages of the crop.



Table 5. Effect of treatments on the population of Echinochloa eolona (plants/mzi
Stages
Treatments 30 DaS 40 DAS SO DAS - 60 DAS Harvest
T ) T o - : 0 T o. T 0
To - - - - - - - 2,08  3.33 2,54  5.45
To + 20 -. - - - - - - - - =
To + 30 - - - - - - - - - -
To + P 30 - - - - - - - - - -
To + H.W - - - - - - - - - -
Bo - 2.87 7.24 6.1t u/el® ' 5,61  30.47 - T.24 - 51,42 - 5,88 33,57
Bo + 20 1.82 2,31 4.13 16.06 © 4,15 16,22 - 4.44 - 18,71 2,86  7.18
Bo + 30 2,24  4.02 4,76 - 21,66  4.19 16,56 - 5,25 . 26.56 3,78 13,29
Bo + P 30 2.08 3.33  4.24 16,98  1.82 2,31 . 3.62. 12.1 2,71  6.34
Bo + H.W 2.45 5.0 - 5.87 33.46 0,00 0.00 . 2,45. 5.0 2.54 5,45
P1§ - 7.51 . 55.4 . 8.27 67.39 . 7.31. 52.44 8,83 76.97 B8.43 70.06
T 15 + P 15 2,49 5.2 - 4,12 15,97 . 5.08. 24,61 5.58 . 30,14 5,16 25.63
~B 184" P 15, 6.15 36482 7.59 56.61 = 5.35. 27.62. 6.38. 39.7 6.18 37.19
H.¥ 1.67 1.79 2.91 7 .47 0.00 0.00 1.41 0.99 1,67 1.79
U.W 6.60 42,56 9.81 95,24 11,33 127.37 13.00 168,0 11,00 120.00
SEmt 0.832 1.531 1.647 0.749 0.974
€D (0.05) 2.472 4.55 . 4.995 2.209 2.874

Tm ,jx + 1 transforred value

\

0 = Re~transformed original value
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At 30 days minimum count of Echlinochloa colona was
noted in hand weeded plot which was on par with the treat-
ments involving butachlor whether applied alone or in
combination with propanil or a hand weeding or repeated
after 20 or 30 days and T 15 4 P 15, Almost simllar trend

was noted in all the subseguent stages.

The result clearly shows the effectiveness of thiobhen-
carb for controlling Echigogglog Solona the most troublescme
grass weed in rice fields. Eventhough butachlor could bring
about significant reduction in the population of this grass,

it was inferior to thiobencarb at all stages.

In a pravious ctudy Jayasree (1987) has also reported
complete control of Echinochloa colona upto 60 days stage,
when thicbencarb was applied immediately after sowing (To).
This suggests that the effect of this pre-emergence herbicide
is lasting only for a few weeks and calls for follow up weed
control operations, eilther chemical or manual methods, forx

higher yields.

(4) Total grass weed population

Effect of treatments on the population of grass weed

at different stages of observation are presented in Table 6.



Table 6. Effect of treatments on the total grass weed population (plents/hzl.

. Stages
Treatments 30 DAS 40 DaAS 50 DAS 60 DAS Harvest
T 0 T 0 T 0 T 0 T 0
To 6.52 41,51 7,72 58,60 12.03 143,72 11.49  131.02 12,56 156.75
To + 20 3.27 9.69 4.03 15,24 5.46 28.81 4.4 18.36 3,57 11.74
To + 30 6.13 36.58 4.43 18.62 6.4 39.96 6.13 36.58 6.28 38.44
To + P 30 6.5 41,25 4.26 17.15 6.61 42,69 6.62 42.8 7.17 50.4
To + HW 5,71 31.6 725 51.56 2.75 6.56 3.37 10.36 8.79 76 .26
Bo 9,01 £0.18 18.91 356.59 23,70 560.69 23.51 551,72 23.32 542,82
Bo + 20 7.7 58,29 13.46 180.17 14,43 207.22 15.20 230.04 14.03 195,84
Bo + 30 9.17 83.09 14.65 213.62 16.85 282.92 16.20 261.44 19.05 361.9
Bo + P 30 9,05 80.9 13.78 188,89 12.73 161.05 12.36 151.77 11.14 123.1
Bo + H.W 8.95 79.1 10.48 108,83  3.99 14,92 5,94 34.28 9.10 81.81
P 15 16.99 287.66 34.54 1192.01 29.56 872.79 31.04 962.48 27.34 746.48
T 15 + P 15 9,55 90.2 15,05 225.5 18,88 355.45 19,97 397.8 20.45 417.20
B 15 + P 15 15,91 252,13 25.3 638.09 28.10 788.6 26.07 6768.6¢ 27.85 774.62
H.W 4,49 19.16 8,02 63:32 3.2 9.24 1.67 1.79 5.6 30.36
U.H 22,95 525.,7 51.83 2685.35 50.1 2509.01 45.62 2081.1 47.54 2259.05
SEmé 1.051 2.824 3.872 2,229 3.379
CD (0.05) 3,044 8.178 11,216 6.455 9,788
T = ix + 1 transformed value 0 = Re=transformed original value
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All the weed control treatmenta significantly reduced
the grass weed populationqcéﬁpéred to unweeded control., In
general, thiobencarb treatments were significantly better
than the'corrasponding butachlor treatments except for the
combination of pre-emergence herbicide with propanil or hand
weeding which were on par at most of the stages. Both thio-
bencarb and butachlor resulted in considersble reduction in
grass weed porulation when the single pre-emergence gpplicat-
ion was combined with a repeated application, propanil or
hand weeding. Among these combinations To + 20 recordéd the
least grazs veed count at all stages except Qt 50 and 60 dayms
after sowing wherein To + H.W and hand weeded plot recorded
the least grass count respaectively. However, there was no
significant difference between To + 20 To + 307 To + P 30
and To + H.W which were on par with hand weeding except that
To + P 30 recorded significantly higher grass count than
To + 20 at 30 DAS., Propanil either alone or in combination
with butachlorhbf.tﬁioﬁenCarb could not result in satisfactory

control of grass weads,

The result shows that thiobencarb was very efficient
in controlling grass weed population. However, butachlor
does not show much promise for grass weed contrcl. Propanil
applied at 15 days either alone or as tank mix with butachlor

were inferior compared to other herbicide treatments.
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In the analysis of the population of major grass weeds
individually also showed the relative superiority of thicben-
carb over butachlor In all the cases, henca the seme result

is reflected in the total grass weed population also.

It i1s also clear, as alrezdy discussed that single
basal application of the pre-emsrgence herbicide is not suffi-
¢ient to bring sbout reasonsble wased cbntrol during the c¢rop
period. It 1s ne¢essary to augment the basal pre~emergencs
treatment with hand weeding or a subsequent application of
propanil or the same pre-emergence herblcide. Among these
three, repeated application of the same pre-emergence herbicide

have resulted in better results in the present trial.

4.,1.2.2 Sedges

Among sedges, Cyperus iria was the most prominent one

present in the field.

(a) Cyperus iria

Effect of treatments on the population of Cyperus iria

at 30, 40, 50 and 60 Qays and at harvest are presented in
Table 7e

The unweeded check recorded significantly higher count

of this weed than other treatments at almost all stages of



Table 7. Effect of treatments on the population of Cyperus iria (Plants/m2)

Stages
Treatments - . . .
= 30 DAS , 40 DAS , 50 DS . 60 DaS . Harvest

T . '] . P o . . 0 L op . 0 - o
To  8.48  70.91 8,13  65.1 = B.42. 69.9 . 7.81 . 60,0 .2.75  6.56
To + 20 - 7.17  S0.41  4.24  16.98 . 3,27 .69 . 3.15 . 8,92 .1.41 0,99
To + 30  B.64  73.65 . S5.01. 24,1 . 4,99 23,9 . 3.61 . 12,03 1,82 2,31
To + P 30 8,46  70.57 @ 4.46. 18,89 . 4.,72. 21.28 . 4.44 . 18.71 1.67 1.79
To + HJW 8,73 T75.21 7,98 62,68 . 1,67. 1,79 . 2,08 . 3,33 1.67 1.79
Bo - -  2.46 5.05 3,4  10.56 _ 2.91 7.47 . - -
Bo + 20 - - - - . - - e . = - -
Bo + 30 - - - - . 1,4 0.99 1.41 . 0.9 - = -
Bo + P 30 - - 1,82  2.31 1,82, 2,31 1.67 1,79 - -
Bo + HJW - - 3.08 B.49 1.4 0.96 1.41 0.99 1.67 1.79
P 15 9.51 69.44 10.84 116.51 9,57 90.58 . 8.98 79.64 4.04 15,32
T 15 + P 15 9.96 98.2  10.41 107.37 9.28 85,12 8.05 63.8 3.4  10.56
B 15 + P 15 8.99 79.82  9.64 91,93  T.52 . S55.55 7.34 . 52,88 2.75- 6.56
H.W 4.19 16.56 2,33 4.43  1.87 2.5 - - 1.41 0,99
U W 16,25  263.06 15.74 246.75 10.25 104,06 11.76 137.30 5,75 32,06
SEmt 1.029 1.039 1.488 0.535 , 0.565 R
¢D (0.05) 3.058 3.034 4.326 1.563 1.666

T =[x+ 1 transformed value 0 = Re-transformed original value
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the crop growth. Complete control of Cyperus irlas through
out the crop growth was obtained in Bo + 20. All the éther
hutachlér treatments except B 15 + P 1% also brought in
significant reduction in the population of Cyperus iria.
Even though thiobencarb controlled Cyperus iria to a certain
- extent, this effect was inferlor to that of butéchlor in
general. Except at 50 days the population of C. iris was
significantly higher in the treatments where propanil was
applied at 15 days, even though they too haddlower counts

than the unweeded check.

At all stages of observation, butachlor trsatments
(either alone or combined with hand weeding or propanil or
repeated application at 20 or 30 days) was found to be better
than thiobencarb or propanil treatments even though the

differences were not statistically significant at some atagés.

The count of sedges towards harvest declined because
the sadge flowesred and completed its life cycle earlier than

tha crop, a&s already discussed under wead spectrun,

From the above 6bserVations it can be concluded that
butachlor was more efficient in controlling this weed at all
stages of the crop growth. The efficiency of butachlor in
controlling the sedge population in rice has slready besn
reported by Moorthy and Manna (1984) and Nair et al. (1974).
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Poor control of Cyperus iris with thiobencarb has also
bean reported by Jayasree (1987), T’he result suggests that
in a fileld where Cyperus irla weeds are severe butachlor
should be preferred over thiobencarb which is more effective

against grass weeds.

4.1.2.3 Broad leaved veeds

Table 8 presents the data on the totzl broad leaved
weed population in the experimental field a= affected by

the different weed control treatments.

The broad leaved weed emerngence was noted in the
experimental fleld only after 30 days. Propanil application
at 15 days either alone or as tank mix with thicbencarb or
butachlor was effective in controlling broad leaved weeds
in general though P 15 and T 15 + P 15 showed higher porulat-
ion of broad leaved weeds toﬁérés harvest. 7The low count of
broad leaved weeds in unweeded control may be due to the
high population of tall sedges snd grzsses in these plots
which have resulted in severe cbmpetition for light and
thus prévented the emergence of other weeds. Thiobencarb
or butachlor applied at zero days of sowing proved to be

poor in controlling broad leaved weeds at later stages of

crop growth. In the initisl stages To + P 30 and Bo + P 20



Table 8., Effact of treatments on total broad leaved weeds (plants/mz)

) Stages
Treatments .
: - .40 DAS 50 DAS 60 DAS Harvest
T 0 T 0 T o - T 0
To- ° : " 8,57 72.44 9.85 - 96.02 13.37. 177.76 10.81 115.86
To + 20 - T 6.40  39.96 6.58  42.3 5.67 ‘31,15 5.9 33.81
To + 30 - 6.19  37.32 8,26 67.23 10,05 100.0 8.77 75.91
To + P 30 ' 4,28 17.32 6.11 36.33 9.76° '94.26 10.24 103.86
To + H.W 8,69 74.52 2,71 6.3 5.9 '33.81 7.72 58.60
Bo 7.9  61.41 10.75 124.56 14.54 210.41 12,19 147.6
Bo + 20 6.7  43.89 6.96  47.44 11,97 142.28 5,54 29.69
Bo + 30 . 7.54 55.85 9,24  84.38 13.52 181,79 7.49 - 55.1
Bo + P 30 6.02 35.24 6.28 38,44 7.39 53.61 9.83 " 95.63
Bo + HW 9.3  86i24 2,19 3.8  6.21 37.56 6.31  38.82
P 15 3.92 14,37 11.00 120.0 6.43  40.34 10.32 105.5
T 15 + P 15 - - 3,76 13,14 4.31 17.58 10.45 108.2
B 15 + P 15 1.41 0.99 6,27 38.31 3.41  10.63 - -
H.W 6.0 35.0 3.00 8.0 - - 4.44 18,71
R 6.37 39.58 7.95 62.2 - - 4.82 22,23
SBmx 1.824 2,12 . 1.914 2,012
CD (0.05) 5,303 6.141 5.588 5.85
T n\FE_:_i transformed value 0 mRe-transférméd‘original value

¢9



was found to be efficient in controlling brozd leaved.
weedsﬂprobably due to the effect of propanil, From the
above result it can be concluded that combined application
of propanil .7 -~ with butachlor was better in controlling
broad leaved weeds than the other treatments, however the
differences between the trestments were not generally signi-

filcant to draw any definite conclusions.

4.,1.2.4 Total weed porulation

The effect of different treaatments on the total weed

population is presented.in Teble .9,

All the weed contyol treatments significantly reduced
the population of weeds comparsd to unweeded control., At
almost all stages except. at 40 and 50 days the hand weeded
check recorded the least count of weeds, The plot where
propanil was applied st 15 days alone or as tank mix with
butachlor showed higher weed population, though it was
significantly lesser than the éaunt in unweeded control at

all stages.

At 30 days all the butachlor involving treatments
whether applied alone or repectéd after 20 or 30 days or
in ccmbination with propanil at 30 days or a hand weeding

at 40 days and To + 20 recorded weed count con par with



" Tshle 9. Dffect of treatments on the totasl weed propulation (plants/mz)

Stages
Treatments 30 DAS 40 DAS S0 DAS 60 DAS Harvest
T 0 T 0 T o T 0 T 0

To 10.68 113,06 14.65 213,62 18,34 335.36 23,37 545.16 18,00 323.0 .
To + 20 7.87 60,94 8.82 76.79 - ©.69 92.9 11.59 133,33 8.42 69.9
To + 30 10,57 110,72 9.56 90,32 12.18 147.35 16.70 277.89 12,47 154.5
To + P 30 10.68 113,06 9.18 83.27 10,64 112.21 15.46 238,02 13,73 187.5
To + H.W 10.50 109.25 14.47 208,38 4.7t 21,18 10.25 104.06 12.36 151,77
Bo 9.0% 80.18 21.68 469.02 26.70 711,858 31,29 '978.06 26,90 722.6
Bo + 20 “7.70 58.29 15,07 226.1 16,27 263.71 19,39 374.97 16,88 283.93
Bo 4 30 " 9,17 83.0¢ 16,54 272.57 22.68 $13.38 23,00 528,0 20.74 429.15
Bo + P 30 9,05 80.9 15.55 240.8 14.59 211,87 19.il 364.19 16.00 255.00
Bo + HW 8,95 79.1 14.57 214.21 4.56 19.79 11,73 136,59 13.0%9 170.35
P 15 19.58 382,38 36,67 1343.69 33.92 1149.57 35,33 1247.21 29.72 882.28
T 15 + P 15 13.¢8 194.44 18,48 g340;5i 22.41 . 501,21 24 .92 620,0 24.84 €16.03
B1S + P 15 18,35 335,72 27.2 738,84 31.23 974.31 27.47 753,6 28,85 831,32
H.W 5.13 36.58 10.42 107.58 5,20 26,04 | 2,45 5.0 7.68 57.98
U.HW 28,11 788,17 55.24 3050.145 <3.48 2860.11 47.1€ 2223.07 48.19 2321.28
SEmt 1,072 2,417 3.294 2.877 3.253
CcDb (0.05) 3.105 6.999 9.540 8.332 9,421

T = \Ix—+i transformed value 8 = Retransformed original value

79
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hand weeded plot. However the plots where thiobencarb
was applied either alone or r§peated after 20 or 30 Qays
or in comblnation with prepanil or a hand weeding did not
differ significantly with Bo + 20 which rec¢orded the ieast

count of weeds amnong butachloq treatments.

At 40 days To + 20 recorded the least count of weeds
the treatment To + 30; To + P 303 To + H,Wp

Bo + 203 Bo + P 30 and Bo + H,W were on par with this.

At 50 days all the treatments involving a hand
weeding recordad the least count of weeds evidently due to
the effect of hand weeding given at 40 dgys. the treatments
wherein thiobencarb was applied at gero days and repeated
at 20 or 30 days or in combination with propanil) was on par
with Bo + H.W, 8ingle epplication of butachlor alone at
gero days and propanil application at 15 days either alone
or as tank mix with butachlor recorded higher weed counts
even though weed control was better than the unweeded

control, -

At 60 days the hand weeded plot recorded the least
count of weeds and only the treatment To + H.W was on par
with it. The single application of thiobencarb or butachlor

at zero days recorded higher weed counts than their repeated
f
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applications or combination.witﬁ propani) or hand weedings
given ét 40 days. Propanil spplication gt 15 days either
alone or as tank mix with butachlor or thiobencarb was not
effactive for the control of weeds even though they record-
ad significantly lesser weed population than the unweeded

control,.

At harvest except Bo + 30 all the treatments where
the pre-emergence application of thiobencard or butachlor
was repeated or combined witﬂ propanil or a hand weeding
recorded weed count on par with hand weeded plot which

recorded the least count of weeds.

The result shows that both thiobencarb and butachlor
were statistically on par on their effect on total weed
population. However in the early qections it was found that
thiobencarb is very effective in controlling the grass weeds
(see 4.1,2.1) and butachlor in controlling the sedges '
(4.,1.2,2), VWhen the total weed population is analysed
these two effects get averaged cut and hence both the

chemicals were showing almost the same results.

4.1.3 Dry matter prcduction by weeds

The effect of different treatments on the weed dry
matter production, at different stages of the ecrop is
presented in Tzble 10 and in Fig. 3, the effect of



Table 10. Effect of treatments on. the dty._mattef production by weeds (g/mz)

_ . Stages

Treatments 30 DAS . .40 DAS S0 DAS 60 DAS Harvest

T o T - o T - 0 T o - T 0 -
To 1,82  6.13 4,28 17,32 4.89. 22.91. 7.89. 61,25 5.24  26.46
To + 20 1,24 0,54 2,69 6.2 3.2 9.24. 4.38. 18.18 2,68 6.18
To + 30 1.82 2,31 3.2 9.24 3.83 13.67 6.23  37.81 -~ 5,03 . 24.30
To + P 30 2.88 7.2 3.68 12.5¢ 3.67 12.47 6.30. 38.69 4.56 19.79
To + HW - 2,07 3.28 4.7 21,09  2.32 4.38 2,51 5.30. 3.31 9.96
Bo ' 3.4 10.56 7.09 49.27 7.43 S54.2 - 11.90 140.61 12,64 158.77
Bo + 20 2,75  6.56 - 4.51 "~ 19.34 3,41 10,63 5,63 30,7. 7.89 61,25
Bo + 30 3.78 13.29 5,06 24.6. 5.42 28.38 8.73  75.21 S.43  87.92
Bo + P 30 2.75 6.56 4.47 18,98 4.55 19,7 . 8,31 68,06 6.34 39,2
Bo + H.W - 2.85 7.12 7.09 49.27  1.99 2.96. 2.88 7.29 4.66 - 20,72
P 1§ 5.31 27.2 7.94 62,04 10.53 109,88 14.43 207.22 14.98 : 223.43
T15+ P15 3,66 12.4 7.19 50.7 6,06 35,72 10,93 118.46 -12.80 162.84
B15S + P 15 4.49 19.16 7.67 57.83 9.64 91,93 13,72 187.2¢ 13.06 169,56
H.W 1.63  1.66 2.63 5,92  2.32 4.38 2,05 3.2  2.07 3.28
UMW 6.93 47.02 14.09 197.53 16.14 259.5 18.51 341.62 18.59 344.59
SEm+ 0.383 0.668 0.978 1.515 1.379
CD (0.05) 1.12 1.933 2.833 4,387 3.994

T ]x + 1 transformed valus

0 = Re~transformed original wvalus
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treatments on dry matter production by weeds during

critical stages for weed competition is illustrated.

At 30 days all the treatments produced significantl:
lower weed dry matter than the unwesded check. 1In general,
the treatments involving application of thicbencardb wers
batter than those involving butachlor. At this stage
To ¥ 20 recorded the least weed dry matter and was on par
with To, To + 30, To + H.W and hand weeded check. Propanil
applied alone or in combilnation with thiokencarb or buta-
chlor at 15 DAS was not as effective as the pre-emergence

application of the latter two herbicides,

At.40 days the hand waeded check recorded least dry
matter and unveeded check the maximum, Ail the herbicide
treatments produced signlficantly lesseyx weed dry matter
production than unweeded cheeck. The second application of
thicbencarb at 20 or 30 days could reduca the weed growth,
and this effect was statistically significant for To + 20
treatment., In the cagse of butachlor, significant reduct-
lon in weed growth could be obtained when the basal (Bo)
application of butachlor was followed with butachlor at
20 or with propanil at 30 days. At this stage also
propanil application at 15 DAS was not very promising,
whether applied alone or as tank mix with thiobencarb or
butachlor. |



At 50 days the least dry matter was recorded by the
treatments involving a hand weeding (Handweeding, To + H,W
and Bo + HWNW) evidently due to the effect of handweeding
given at 40 days. The treatments To + 20, To + 30, To +
'P 30, Bo + 20 and Bo + P 30 were statistically on par with
these treztments, indicating that second application of
any of thése herbicides could reduce the weed growth to a
great: extent, At thié astage also the effect of propanil
was not very promising even though the tank mix applicetion
of prop=nil with thiohencarb or butachlor could give better

results,

At 60 days when thiobencarb at zero days was followed
by another application of thiobencarb at 20 or 30 days or
propanil at 30 days could reduce the weed dry matter product-
jon to a level atatisticallj on par with that of hand weeded
check, In the case of butachlor also there was reduction
in weed dry matter production due to second appliestion
of the herbicides and this effect was significant in Bo + 20
which recorded dry matter statistically on par with hand
veeded plot, A single application of propanil at 15 DAS
could not effect any significant reduction in weed dry
matter production at this stage glsc. However, when it was
- combined with thicbencarb or butachlor as tank mix, the

reduction in dry matter production was significant.
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The observation on weed dry matter production at
harvest stage also showed better effect of follow up appli-
cation of the herbicides, after their initial application.
The treatments involving hand weeding recorded very low
weed dry mattexr at this stage also, The result shows
that thiobencarb 1@ batter than butéchlor in reducing dry
matter productisﬁ by wgeda. This is because of the fact
that  thicbencarb could more effactively control the grass
weads which accounéea for the major part of the weed flora
in the £ield, as is clear from the data on the population
of grass waeds {Table 6)., It is also évia;nt that a second
application of the same pre-cmergence herbicide (20 or 30
days) or propanil (30 déys) after the basal application
(0 qays) of the pre-emergencs herbicide 1z sufficient to
give an effect equivalent to a hand weeding given arcund
40 days. ©Since the effect of pre-emergence herbicides
hutéehlor and thicbencarb will last only for few weeks,
they can keep thé field relatively we=sd free for about one
month only. A hand weeding around 45 days (Ahmed and
Moody, 1962y Manna and Moorthy, 1982; Singh and Dash,

1966) or propanil application (Bhol and Singh, 1987;
Yomane et al.,, 1975s Singh and Singh, 1985y;Sharma and
Bisen, 1985) is usually recoﬁmended to control these weeds,

The regults of this trial shows that a second application
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of thiobencarb or butachlor at 20 days stzge can extent
the weed control effect of pre-emergence herbicides
8pPplied at zero days, thereby giving an effect equivalent
to hand weeding or propanil application. The effect of
proponil applicetion alone at 15 days was not very promi-
sing because of ths reasons alrezdy discussed, However,
combination of propsnil with thiobencarb or butachlor as
tank mix application resulted in better effect as the
pro-energence herbicidel could check the further germinat-
ion of the weads. B8imilar results have besn reported by
Pewan and G111 (1982), All and Gankarsn (1984b) and ITTA
(1983),

Fig. 3 clearly shows that even though the asingle
application of thichencarb or butachlor at zerb days could
control the weeds effectivaly upto 30 days, there was gradual
increase in the weed compatition afterwards., In treatments

whigre the application of pre-emergence herbicide was repested
or followed by propar;il application or hand weeding the weed
competition was kept down upto 60 days by which time the
crop would have passed the critical stage for weed compet-

i tion .

A correlation study between the total weed population
end the dry matter production by weeds at different stages



of crop growth {(Table 11) showed that there was significant
positive correlation batween these two parameters at all
stages of observation,

Table 11, Correlation between total waed count snd weed
dry matter at different stages

Stages Correlation coefficient
30 Das 0.9339*

40 DAS 0.B481%

850 DaS 0.8901%*

60 DAS 0.976*

Harvest 0.7973*
Critical values (13 af) 0.514

- - . - - R T A B AR T N S S ey s A e S S oD S S S S A S

4.1.4 Heed control efficiency

The effect of different treatments on weed control
efficiency is presented in Table 12 and Fig. 4, illustrates
the effect of treatments on weed control efficiency dQuring

critical stages.

The observation at 30 day= showed that To + 20 recorded
the maximum weed control efficiency which was even batter
than the hand weeded plot. All the treatments wherethiocban-

carb was applied at zero days were on par with To + 20.

2



Table 12, Effect of treatments on the weed control efficiericy (%)

Stages

Treatments - -

30 DAS 40 DAS 50 DAS 60 DAS Harvest
To 93.33 88.67 90.00 80,33 91,67
To + 20 ©8.33 97.00 96,00 94,00 97.67
To + 30 94,33 94,67 94 .00 88.00 92,33
To + P 30 84 .00 87.67 54.33 86.67 94.00
To + H.W 92.67 93.00 98.00 98.00 96 .67
Bo 73.33 74.00 77.00 58.33 53.33
Bo + 20 85.33 88.00 94.67 90,33 78.67
Bo + 30 70.67 85.67 88,00 68.00 64.67
Bo + P 30 85.33 90,00 91,00 78.00 88.00
Bo + H.W 83.67 74.33 98.67 97.33 93.33
P 15 40.33 64 .00 52.00 38,33 34,33
T 15 + P 15 78.00 73.33 83.33 61,33 51,33
B 15 + P 15 59.00 69.67 63.33 44.33 46.33
H.W 94.00 96.33 97.67 98,33 98,33
SEm+ 5.742 4,195 5.167 9.036 9.46
¢D (0.05) 16.696 12,199 15.025 26,273 27.505

gL
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However, butachlor in genersl recorded lower weed control
efficiency than thiobencarb, even though the diffarencesa
were not statisticslly significant at all cases. The
lowast weed control efficiency was recorded by propanil
applied alone at 15 DAS fbllowad.by the tenk mix applicat-

ion of propanil with butachlor.

At 40 days also To + 20 recorded maximum weed control
efficiency as at 30 days. All treatments where thicbencard
was applied at gero days were on par with To + 20 at this
stage zlso, Repeated application of butachlor also could
enhance weed control efficliency compared to application at
zero days (Bo) and Bo + H.,W, The lowest weed control
effidiency was recorded by propanil applied alone. The
weed control efficiency of tank mix application of propanil
with butachlor and thicbencarb at 15 days was also poor.

At 50 days, the treatments involving a hand weeding
recorded higher values of weed control efficlency (Bo + H.W,
To + H.W and hand weeded check) followed Ly repeated appli-
cation of thiobencarb and@ butachlor and the differsences
between these treatments were not statistically significant.
Even though the 0 DAS applicetion of thiobencarb was statis-
tically on par with these treatments, 0 DAS application of
butachlor recorded significantly lower weed control effic-

iency. As at earlier stages, treatments inveclving propanil

recorded lower wesed control effieiency.
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Almost the same trend was observed at 60 days =nd

al®o at harvest stage.

The first hand weeding given on 21ist day after sowing
was not sufflcient for complete weed control, Some flushes
of weeds emerged after the first hand weeding as indicated
by a lower weed control efficlency value than some of the
chemical treatments for the hand weeded treatment at 30 _and
" 40 days, while the hand weedings given at 40th and 55th days
controlled most of the weeds, thereby giving higher wesed
control efficiency for the hand weaded plot at 50 and 60
days and at harvest, At these stages butachlor and thioben-
carb at 0 DAS followed by a hand weeding at 40 days also
recorded higher weed control efficliency. These results
indicate that 2 t0 3 manual weedings is nacessary to get
control of the new flushes of veeds emerging during the
critical stages, when no herbiclde treatments are adopted
and when pre-~smergence herbicide treatments are adopted, a
manual weeding given to control the weeds after the activity
of the pre-omergence herbicides applied has exhausted also
vill control weed competition with crop at c¢ritical stages.
Barlier studies by Singh and Dash (1926); Singh and Singh
(1985b) and Bhol and Singh (;987) also showad the necessity
for follow up weed control operation after pre-emergence

herbicide application at sowing.
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Repeated application of pre-emergence herbicides at
the time when the residual activity of the firat applied
herbicide was over, also showed promise for maintaining

weed free condition almost throughout the crop pericd.

Fig. 4 clearly indicates that To + 20 showed a high
weed control efficiency consistently through out the
critical perilod for weed compstition, Single application
of the pree-cmergence herbicides, even though recorded high
wead control efficiency initially, showed decline in wead
control efficiency at later stages, but when combined with

hand weeding the weed control efficiency could be maintained.

4,2 Cbservations on the crop

Some phytotoxicity symptoms were noticed on the rice
seedlings, The symptom waz expressed as delay in germinat-
ion, yellowing and drying of leaf tips and margin. These
symptons persisted for 2 to 3 weeks but subsequently the

crop recoversd.

In many of the studies no phytotoxicity symptoms for
these herbicides ware noted (Olofintoye, 19827 Sudhakara
and Nair, 1986 and Jayasree, 1987). However, Manipon et al.
{1981) has reported toxic effect of thiobsncarb to germi-
nating seedlings. Experiments conducted at CRRI, Cuttack
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also observed poor seedling growth for sbout 2 weeks,
when thiocbencarb was applied € 2 kg/ha but the seedlings
recovered after one month (CRRI, 1987). Ahmed and Moody
(1979) also observed adverse effect on shoot and/or root
length and dry matter producticn of rice with butachlor
@ 2 kg ail/ha. Singh (1985) cbserved phytotoxicity in dry
seedeé rainfed upland rice when ponding of water occurred
at soil surface. Chandraka and Manna (1981) has also
reported that phytotoxicity is likely to occur due to
butachlor to germinating rice seeds dque to heavy rainfall

after sowing.

In this study also there was heavy rainfell after
the application of the pre~emergence herbicides at zero
days which might be responsible for the expression of the
phytotoxicity symptoms, The influence of rainfall on
phytotoxicity is very clear from the fact that there was
no such phytotoxicity symptom observed for thicbencarb
by Jayasree {1987) in her trial conducted in the same
station, when there was no rainfall for few days after

application of the herbicide.
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4,2.2 Crop growth charscters

(a) Height

The data on the mean helght of the crop plants at
harvest under the different treatments are presented in

Table 13,

The meximum height of 85,57 cm was noted in the hand
weeded check. All treatments except the uhweeded check was
statistically on par with this treatment. However, the
treatments involving one hand weeding (To + H.W and Bo +
H.W) as well as the repeated application of thiébencarb
(To + 20 and To + 30) resulted in taller plants, though
their diffefence with unweeded check was not statistically

msignificant.

From the above results it is elear that the unweeded
check rasultad in shorter rice plants which may be due to
high weed density resulting in very high ecrop-weed compet-
ition for nutrients (Tsble 20, 21 and 22) affecting the
crop growth.

8imilar observation of reduction in plant height was
also reported by Mukhopadhyay and Bag (1967)s Chang (1973);
Sreedevi (1979) and Tasic et al. (1980).



Table 13. Effact of treatments on the height and tiller
production of rice

Treatments Height of plant Tillers
(cm) (No./hill)
To 74.2 6,67
To + 20 78.93 8.8
To + 30 76,32 Te42
To + P 30 76.47 7;00
To + H.W B3.07 B.33
Bo 71,53 4.27
Bo + 20 77.01 6.67
Bo + 30 72.82 5.67
Bo + P 30 76.28 6.67
Bo + H,W 77.8 Te3
P 15 70.4 4,07
T 15 + P 1% 73.37 5.47
B 15 + P 15 71.43 5.19
HW 85,57 8.93
v.W 69.7 3.83
SEm+ Se399 0.953

cp (0.05) 15.64 2,76
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{b) Number of tillers

The effect of treatments on the total number of

tillers/hill is prescnted in Table 13,

The weed control treatments had significant influence
on tiller production by the crops Maximum nurber of tlllers
vwere noticed in the hand weeded check which was statisti-
cally on par with the treatments involving a basal appli-
catlion of thiobencarb, whether followed with a second
application of thiobenesrb, propanil or one hand weeding.
Howevar, in the ¢ase of butachlor only the treatmentsa
receiving a basal application cf butachlor followed by
butachlor at 20 days or propanil at 30 days or a haend
weeding at 40 days were on par with hand weeded check. All
the other treatments recorded lowar tiller number which
was not statistically different from the unweeded check which

recorded the least tiller production.

Increaag in duration of crop-weed éompetition has
adversely affected the tillering capacity of the crop and
the plots with maximum weed density recorded lower number
of tillers/hill, 8Similar reduction in tiller production

have been noticed by Sreedovi (1979) and Jayasree (1987).
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(¢) Dry matter production

The data on the dry matter production by the crop

at different stages ar& prasented in Table 14.

At all stages the maximum dry matier production by
crop was recorded in hand weeded plot and the least by
unweeded plot. Propanil applied alone or as tank mix with
alther butachlor or thiobencarb recorded lesseyr crop dry
matter wvhen compared to other herbicide treatments. At 30
days, the treatments involving application of thiobencarb
at: sowlng recorded dry matte; production on par with hand
weeded plot. In butachlor applied plots the dry matter

production was lesser,

From 40 days onwards, observations showed that only
the treatment To + 20 recorded dry matter on par with that
of hand wesded plot at all stages. The treatments To + 30,
To + P 30, To + H,W, To, Bo + P 30 and Bo + H.W alsoc recorded
higher dry matter production, even though they were not
statistically significant with hand weeded plot at all
stages. The repeated application of thiobencard and
butachlor resulted in an increase in dry matter production
of the c¢rop comparad to their single application at zero

days alone, even though the differences were not significant



Table 14. Effect of treatments on the dry matter production by erop (g/m?)

Stages

Treatments —— ‘ -

' 30 DAS 40 DaS 50 DAS 60 DAS Harvest
To .58,67 104,67  -167.33 222,33 619.4
To + 20 16440 -130,00 220,00 262.67 940,13
To + 30 58,67 ‘124,00 208,00 250,00 753.41
To + P-30 - -57.33 '116,00  174.00 293,33 761.47
To + HM "56.,00 '109.33 . 200,00 327.33  821.4
Bo '43,33 " 80,00 '152.67 166,67 507.33
Bo + 20 '53.33 '116.00  '162.00 242.00 672,87
Bo + 30 '46.67 - 108,00 - 162.00 - 204,67  573.12
Bo + P 30 43,67 '118.00 164,00 292,67 756.09
Bo + HM '47.00 . 102.67 207,33 316.67 755..32
P 15 '31.67 ' 76.00 92,00 147.33 449.8
T 15 + P 15 "'39,33 © 96.33 98.67 161.33 544 .53
B 15 + P 15 41.00 ' 92.00  94.00 159,33 462,81,
H.W 65.33 | 147.33 . 246.67 384.00 - 977.93
U.W | 29.67 . 69.33 . 60.67 . 142,00 . 383,83
SEmt 3.909 8.189 15,788 9.157 26.4
cp (0.05) 11,32 23.72 45.73 26,52 76.462

¢8
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in all cases. Thiz effect was mors pronounced where the

pre-emergence herbicide was repeated at 20 days.

A critical analysis of the Ary matter production of
the crop shows that even though there was no significant
differcnce betwsen the different tr.;tm.ntt of a particular
 pre~-emergencs herbicide, there was differénca dve to
repeatsd appliéation of pre~amergence herbicide or giving
a hand weeding when compared with basal appliéation alone.
This 18 due to the fact that the herbicide. at sowing could
check the weeds only for sbout a month, by which time they
would have degraded henca-there'was serious weed competit-
ion in plots where thiobencard and butachlor alone was
aprlied at 0 days compared to tgeatmenta involving a
repstiticn, as svidenced by the results on the dry matter
production and population of weseds (8action 4,1.3 and
4.1.2.4). This nust be the reason for batter results for
a second weed control operation (Herbicide/hand weeding)
as obtained in this study. It can also bs noted tHat the
treatments where dry matter productioﬁ waulhigher‘had
higher values for tiller production and height of the . .
crop as these characters have profound influence on the
dry matter production of the crop. A correlstion study on
dry matter production of erop end weed at corrssponding

stages (Table 15) indicates that at all stages thers was a



aignificant nagative correlation between them. A negative

84

éorrelation between crop and weed dry matter production has

been reported earlier by Patel st al. (1985) and Jayasree
(1987).

Tablae 15, Correlation ketween crop and veed dry matter

production

Stages - Correlation coefficient
30 DAS -0,5313*

40 DaS -0,5%22*

50 DAS -0.6867*

60 DasS -0,7102*

Harvest -0,7648*
Critical values {13 4f) 0.514

. G ) S ey S T T e GBS N -

4.,2.3 Yield gtiributes

The effect of different treatments on the yield

attributes taken at harvest are given in Table 16,

(a) Productive tillers/hill

The hand weeded plot produced the maximum number of
productive tillers and this was followed by thichencarb

repeated at 20 days or 30 days or followed by hend weeding



Table 16, Bffect of treatments on the yleld attributes
Traatments Productive  Lsngth No, of Thousa;a
tiller of grains/ grain
(No./hill) p?ni?le panicle w?i?ht
cm g
To 5.2 13,97 73.83 26,87
To + 20 7.0 17.0 94.8 28,57
To + 30 6.67 15.12 90,27 28.07
To + P 30 6,53 14.0 24,8 28.1
To + HW 6.59 17.18 90,37 28,33
Bo 4.27 1240 67.17 25.6
Bo + 20 6,47 14,30 85,47 26,87
Bo + 30 4.8 13,75 72.07 26.%
Bo + P 30 5.87 13.97 81,97 26.9
Bo + HW 6.4 15,15 88,57 28,17
P 15 3.0 11.39 68,53 25,0
T 15 + P 15 4,15 13.15 65,3 26.6
B 15 + P 15 3.53 12.44 66,73 24,97
HW 7.53 16,99 104 .47 28,77
UW 2.85 8,83 39.83 23.77
5Em+ 0.632 0.161 4.77 0.042
¢p (0,05) 1.83 0.468 13.813  SF
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or propanil at 30 days, butachlor repeated after 20 days or
combined with hand weeding or combined with propanil at 30
aays. which were all statistically on par. The unweeded
check gave the least number‘of productive tillers. Prgpanil
applied either alone or as tank mix with butachlor or thio-
bencarb at 15 day= and butachlor applied alone were on par

with this treatment.

(k) Length of panicle

Thiobencarb applied at pero days and combined with
hand weeding produced the longest panicle (17.18 em) which
was on par with To + 20 and’ hand weeding. All the other
treatments were statistically inferior to these treatments.
The unweeded check produced the shortest panicle (8.83 cm).,
However, all the weed control treatments wers significantly

superior to this treatment. .
(c) tumber of grains/panicle

The hand weeded plot recorded the maximum number of
grains/panicle and@ the treatment thiobencarb repeated after
20 days was statietically on par with this treatment. The
unweeded check which produced the least numbsyr of grains/

panicle was statistically inferior to all other treatments.
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(d) Thousand grain weight

Theia was no significant difference betwaen the
treatments with respect to thoussnd grain weight, even
though the unwseded plot showed a lower value znd a higher

value in weed controlled plots.

Among the yield attributes discussed, all ccmponents
vere adversely affected by severe weed infestation. With
increase in weed density, the number of productive tillers
length of panicle and number of grains per panicle were
reducad. The reduction in yield attributes due to heavy
veed infostation and weed dry matter production has baen
reported by several researchers; Rethinzm et gl. (1974);
Singlachiar et al. (1978); Sreedevi (1979); Sudhakara and
Neir (1986) and Jayasree (1987).

4,2,4 Yield

The data on the grain and straw yleld as affected

" by different treatments at different stages ofthe crop

growth are presented in Tabla 17 and illustrated in Fig.S.
(a) Grain yield

Highest grain yleld of (36.75 g/ha) was recorded by
hand weeded plot. The only other treatment which produced
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an yield statistically on par with this treatment was To +
20, which recorded an yield of (33,85 @/ha). The treatment
To + H,W recorded yield on par with To + 20. A second weed
control operation could significantly increase the yileld in
the butachlor applied plots compared to its single applicate
ion at zero days. Fropanil ap@liqd-alone or as tank mix
with either thiobencardb or butachlor at 15 days could not
result in satisfactory yvield, aven though the ylelds were

higheyr than the unweeded check.

The grain yield obtained in hand weeded control which
was the highebf was about 15.84 times more than tha£ of the
weedy cheack. The data shows that effective weed control
sfual to fregquent hand waeding could be obtained by appli-~
cation of thicbencarb at sowing and a second application
at 26 days. It can also be sean that the repeated appli-
cation of thiobencarb is even batter than the present
recommendation of a basal application of thiobencard
followed by & hand weeding/propanil applicstion. IIn the
present context of high labour charges substitution of hand
weeding with thiobencardb appliéation which is much cheaper
can significantly increase the farmeys profit (Table 26).
Since thiobencarb is much chezper than propanil it has to
be preferred to increase the profit, In this trial butachlor
proved to be inferior to thiobancarb probzbly dua to the
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Table 17. LCffect of treatments on the yield (g/ha) of rice

Grain yiald

(0.05)

Treatments Straw yleld
To 25.63 60.42
‘To + 20 33,85 72.00
To +. 30 29.89 57,89
To + P 30 26,0 61,22
To + H.W 31.33 67,00
Bo 26.03 54,8
Bo + 20 26,4 53,78
Bo + 30 23,0 48.44
Bo + P 30 25.89 63.14
Bo + H.W 28.39 59.15
P15 7.15 33.00
T 15 + P 15 22,85 48.4
B 15 + P 15 10,5 40.6
HW 36.75 75406
U.W 2,32 11.77
SEm4 1,146 1,748
co 3.318 5.062
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© £act that grass weeds accounted for major portion of the
vweed population. Even though propanil was better than
unweeded c¢ontrol it was not as efficient as the pre-emer-
. génce herbicides. Propanil alone applled at 15 days could
not bring out complete control of the weeds. But, when
propanil was sprayed along with either thiobencarb or
butachlor at 15 days {tank mix) higher yields were obtained
as propanlil could control scme of the existing and the
pre-emergenca herblcides could check the germination and
establishment of new'flushes of weeds for sometime.
However this treatment was not efficient as the repeated
application of pre-emergence herbicides as propanil conld
not bring about complete control of already germinated'
weeds, Wheh proranil was apprlied at 30 days in the field
already treated with pre-emergence herbicide butachlor or
thiobencarb at sowing it could enhance the efficiency of
waed control by the pre-emergence herbicldes whose effect

would have been over by sbout three weeks.
(b) Straw yleid

The maximum straw yield (75.08 g/ha) was observed in
the hand weeded plot and@ this treatment was statistically
significant only with To + 20. These treatments ware

followad by To + H,W, All other treatments were statisti-

cally inferlor to these three treatments. The cther
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treatments vwhich recorded higher straw yield wer Bo + P 30,
Te + P 30, To, Bo + H,W all these treatments were on par
and was significently superior to ‘other herbicide treat-
ments except for To + 30 which was on par with To + P 20,
To and Bo + H,%W., The least straw yield was recorded by
unweeded contrel which produced significsntly poor yisld

than all others.

The trnatmeﬂts where in weed control.Qas e#fective
resulted in better crop growth resulting in higher yield
as already discussed in cese of grain yiéld and dry matter
production of crop. similar studies whers straw yield was
higher in weed controlled plota-haﬂe been yeported by
Ramamoorthy st al. (1974).

¥ig. 5 clearly indicates that straw yield and grain
vield iz highest in hand weeded plot ¢losely followed by
To + 20. The thiobencsrb treatments (To; To + 207 To + 307
To + P 30 and To + H,W) yielded higher compared to their
corresponding butachlor treatments (Bos Bo + 20 Bo +.30;
Bo + P 30 gnd Bo % HW). T 15 + P 15 gave higher grain
yield comparsd to Boy which wes better than B 15 + P 15
and P 15,
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Tabie 18, Effect of trestments on the grainistraw ratic
and harvest index

Treaéménta Grainistraw ratio Harvest index

To 0.42 0.3

To + 20 0.47 0.32

To + 30 0.51 034

To + P 30 0,42 0.3

To + H,W 0.46 0.32

Bo 0,37 0.27

Bo + 20 0.49 0.33

Bo + 30 0.47 0.32

Bo + P 30 0.41 0.29

Bo + H.W 0.47 0.32

P 1% G.21 0.18

T 15 + P 15 0.46 0.32

B 15 + P 15 0.25 0.21

HW . 0.48 0.33

U W 0.17 0.17

SEmd 0,024 0.016

¢p (0.,03) NS NS




{e) Grain : atraw ratio and harvest index'

The dats on the grain § straw ratio and harvest

index are given in Table 1iB.

The grain 8 straw ratio and harvest index were not
aignificantly influenced by the different treatments.,
Howaver it could be geen that in the trestments where
weed control was effective the grain : straw ratio end
harvest index were higher. Yield attributing characters
1ike length of ear head and number of grains/ear head
{Table 16) wera higher for these treatments, which would
have led to a higher proportion of grain compared to straw

vield.

4.2.,5 Weed index

Table 19 and Fig. 6 presents the weed index valuee as
affected by different treatments.

Thicbencark rapeated after 20 days gave minimum weed
index value of (7.39). Only To + H.W was on par with this
treatment., The highost weed index value (93.96) was
racorded in unweeded check and all treatments were signi-

ficantly superior to weedy check,

93



Table 19, Effect of treatments on the weed index

Treatments Weed index
To 29,83
To + 20 7.39
To + 30 17,53
To + P 30 29,15
To + H.W 14,33
Bo ' 45,15
Bo + 20 27.83
Bo + 30 37.18
Be + P 30 22.83
Bo + HUW 22,30
P 15 . 80,42
T iS5 + P 15 37.63
Bis + P 15 71.30
HW 0,00
U.W 93,96
SEmt 3.5

€D {0,05) ©9.99
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Propanil spplied either alone or as tank mix with
butachlor showed higher weed index value followed by
butachlor application at zero days which was however
significantly superior to the above two herbicide treat-
ments. From the graph (Fig. 6) alsoc it i1s clear that mors
than 90% of the crop produce is lost due to weed compet-
ition, but in the treatment To + 20 this loss could be

reduced to as low as to a level even lower thsn 10 per cent.

Weed index Qenotes the relastively decrease in yield
of croﬁ due to weed competition compared to hand weeded
. plot. The results of thia trial indicates that uncontrolled
weed growth can result in g decrsase in yield by sbout 94%,
The result also shows that repested application of thioben-
carb csuld significantly reduce the losses éue to waeed
compatition. The other treatments which showed promise
were the combination of a pre-emergence harbicide with a
hand weeding or propanil and repeated application of pre~

emargence herbicides.

4.3 Hutrient Uptske Studles

4,.3.1 Butrient drain by weeds

{(a) Nitrogen

Table 20 presents nitrogen removed by weeds at
different stages of the crop and the corresponding nitrogen
contents are given in Appendix-III,



Table 20. Effect of treatments on the nitrogen removal by weeds (kg/ha)
Stages

Treatments - .

30 pAS 40 DAS 50 DaB 60 DAS Harvest
To 0.59 4.05 4,0 10.82 4,27
To + 20 0.15 1.33 1.58 2.99 0.89
To + 30 0,67 1.77 2.66 6.1 3.65
To + P 30 1.61 4.18 1.43 725 3.1
To + H W 0.77 2.41 0.79 1.01 . 1.4
Bo 2,49 .87 12,53 21.1 23.85
Bo + 20 1,67 4.55 2.16 4.43 12.84
Bo + 30 3.2 5«33 5.0 16.35 18.0
Bo + P 30 1.53 - 3.8 3.95 10.55% 6.05
Bo + H.W 1.61 9.87 0.45 1.52 3.2
P i5 6.72 13.44 20.9 37.68 40.62
TiS + P 15 2.45 10.64 g.18 24 .48 26.45
B 15 4+ P 18 4.06 10.44 i7.99 28,25 33.12
HW 0.6 1,14 0.23 0.62 0.6
VW i0.89 45.54 54.81 75.24 65.49
SEmt 0.646 1.66G6 2.776 4,997 5.425
cp (0.05) 1.87 4,024 8.041 14.473 15,713

96
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At all stages the unweeded check recorded meximum
removal of N by weeds, Excapt at 30 and 50 days hand
weeded control recorded minimum N removal by weeds, At
30 days N removal by weeds was least in To + 20. All the
treatments where thicbencarb was applied as basal was on
par with this treatment. Repeated applicatlion of butachlor
0 and 20 days (Bo + 20), Bo + P 30 and Bo + H.W were also
on par with these treatments. At 40 days alllthe treat-
menta involving haﬁd waeding, thiobencarb application
(either basal or repzated) and repeated application of
butachlor and combined application of pre-emergence and
propanil had lower N removal by weeds, the differences
between these treatments were not significent. All these
treatments recorded their effect in reducing N removal by

weeds at all subsequent stages upto harvast.

(B) Phosphorus

Table 21 presents the phosphorus removal by weeds
at different stages and in Appendix-IV the corresponding

phosphorus content is presented.

At all stages of the crop growth the unweeded check
recorded the maximum removal of P by weeds and differed

significantly with all the other treatments. At 30 days



Table 21, Effect of treatments om the phosphorus removal by weeds {(kg/ha)

Stages
Treatments
: 30 DaS 40 DAS 50 DAS 60 DAS Harvest

To 0.05 0.41 . 0.45 0.83 0.35
To + 20 0.01 0.13 0.16 0.26 0.08.
To + 30 0.05 0.17 0.27 0.61 0.32
To + P 30 0,13 0.4 0.2 0.51 0,27
To + HW 0,06 0.25 0.09 0.09 0.12
Bo 0.20 0.99 1.13 2,39 2,39
Bo + 20 0.1 0.43 0.19 0.38 0.93
Bo + 30 0.21 0.56 0.6 1,64 1.56
Bo + P 30 0.1 0.38 0.47 0.98 0.52
Bo + H. W 0.13 1.04 0.05 D.11 0.24
P 15 0.48 1.28 1.98 3.77 3.39
T 15 + P 1o 0.17 . 1,06 0.77 2.31 2.48
B 15 + P 15 0.31 1.1 1.23 3.01 2.57
H.W 0.05 0.1%. . 0.08 0.05 0.04
U.W 0.76 3.96 5,22 5,47 5.17
SEm+ 0.05 0.159 0.25 0.48 0.431
CD (0.08) 0.144 0.46 0.723 1.369 1.248

86
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all treatments except Bo, Bo + 30, T 15 + P 15, B 15 +

P 15, P 15 and unweeded treatments recorded P removal on
par with To + 20 which recorded the least P removal. At
40 days hand weeded plot showed least removal of P. At
this stage all the treatments involving thiokencarb
(whether or not repeated after 20 or 30 days or combined
with propanil or hand weeding) were on par with this
treatment. Among butachlor traatments rapeated application
of butachlor at 20 or 30 days or comblnation with propanil
at 30 days were on par with hand weeded check., At 50 days
Do + H,W recorded least P removal and was on par with all
the thiocbancarb and butachlor involving treatments except
Bo. At 60 days and towards harvest hand weeded@ plot
recorded the least P removal. At these stages all the
herblclde treatments and their combination except Bo,

Bo 4+ 30 and propanil at 15 days alone or as tank mix with
the pre-amergence herbilcecldes were on par with hand weeded-
plot. At harvest stage Bo + 30 was also on par with hand

weaeded plot.
(c) Potassium

The potassium drsin by weeds at different stages
(30, 40, 50, 60 days and at harvest) is presented in Table

22 and theilr corresponding potassium contents in Appendix-~V,



Table 22, Effect of treatments on the potasium removal by weeds (kg/ha)

- . CE CCS e S S —

. . -Btages
Treatments . e .

30 DAS. 40 DAS 50 DAS 60 DAS Harvest
To ' 0.48 4 .69 4,27 10,82 4.8
To + 20 ' 0.09 1.6 1.4 2.24 0.95
To + 30 ' 0,37 2.24 241 6.1 3,89
To + P 30 1,17 4.62 2.28 7425 3.31
To + HMW 0.5 3.04 0.75 1.01 1.8
Bo 1,81 8.88 944 21.1 23.85
Bo + 20 10.87 3,68 2.04 5.7 11.41
Bo + 30 2.13 4,53 4 .67 19.62 18,0
Bo + P 30 1.07 4.6 2,96 12.05 6.45
Bo + H.W 1,17 10.36 0.48 1.32 3.2
P 15 4.76 12,16 13.2 29.31 36.11
T 15 4+ P 15 1,92 11.65 5.8 20.4 28.08
B 15 + P 15 3.87 12.18 17.04 28.25 31.28
H.W 0.29 1,44 0.56 0.73 0.53
U.W 8,52 35.64 41,76 64.98 65,457
SEm+ 0.508 1.568 2,132 5,233 5.07
cp (0.05) 1.471 4,542 6.175 15,155 14,683

001
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Maximun removal of potassium was observed in unweeded
check throughout the crop growth and differed_significantly
with all other treatments. Treaﬁments involving propanil
application at 15 days also showed higher removal of
potassium than other herbicide treatments. At 30 days
To + 20 and at 50 days Bo + H.W recorded least removal of
potassium while at all other stages hand weeded plot recorded
lezat removal of potassium, Difference between the K uptake
of weads in thiobencarb treatments (alone or repeated or
combination with hand weeding or propanil? did .not differ
mignificantly. Most of the treatments involving butachlor
were also on par with hand weeded control in X removal by

weeds,

The effect of the trestments on NPK removal by weeds
was similar to that of the weed dry matter production as
there was not much variation in the respective nutrient
content of the weeds at a particular stage. Hence the
 treatments where weeds were controlled betker resulted in
lesser removal of N P and K by weeds. The data showslthat
thiobencarb was better than butachlor in reducing nutrient
uptake by weeds. This is a reflection of the efféct of
thiobencar® in reducing the grass weed population which

accounted for major share of weed flors in the plot. It
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Can also be seen that upto 40 days, the repeated applicat-
ion of the pre-emergence herblcides resulted in lesser
nmatrient uptake by veeds than the combination of the
pre-snergence herbicides with propanil and hand weeding.
This reduction in mutrient removal by weeds at the early
stages iz more pronounced in case of To + 20 which could
control the veeds effectively and this effect ia also
reflected in the yield data also wherein the yileld recorded

by To + 20 is better than that of To + H.W,

4.3.2 RButrient uptake by crop
(a) Nitrogen

Nitrogen uptake by crop at different stages are
. presented in Table 23 and Appendix-VI presents the corres-

ponding nitrogen contents (%) in the plant samples analysed.

At all stages of the crop growth hand weeded plot
recorded maximum uptake of nitrogen and unweeded plot the
minimum except at 30 days when P 15 recorded the least
value, The N uptake 1in hand weeded plot was followed by
the treatments where thiobencarb waé aprlied at 0 days,
either alone (To) or repeated after 20 or 30 days and the
difference between them were not significant. Butachlor

treatments recorded lesser nitrogen uptake than thiokencarb



Table 23, Effect of trestments on the nitrogen uptake by crop (kg/ha)

-

Stages

Treatments '

30 DaS- 40 DAS S0 DAS 60 DAS Harvest
To 12,91 21,98 33.46 = 46.69 88.61
To + 20 14.72 28.6 50.6 94,29 132,88
To + 30 12.91 29.76 47.84 57.5 106,51
To + P 30 12.61 27.84 36.54 70.4 122,97
To + H.W 12.32 25,15 48,0 81,83 124 .68
Bo '8.67 16.8 . 33,59 33,33 77.78
Bo + 20 11.2 25,52 34,02 50,82 98,81
Bo + 30 '9,33 22.88 30,78 42.98 82.36
Bo + P 30 9.61 25,96, 34 .44 70.24 100.64
Bo + H.W 9,87 . 23,61 45.61 76.0 103,53
P 15 ' 5.7 15.2 18.4 27.99 . B4.13
T 15 + P 15 7.47 19,27 20,92 32,27 75.92
B 15 + P 15 7479 19,32 17.86 31,87 66.38
HW 15.03 35,36 56,73 103.68 139,84
U.W 6.23 13.86 10,92 24.14 - 53.74
SEm# 0.825 1.8 3,555 = 2.131 4.372
cD (0.05) 2.388 5.213 10.295 = 6.172 12.664
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treatments and only Bo + 20 was on par with thiobencarb
tresatments. The treatments involving propanil application
at 15 days recorded lesser nitrpgen uptake. At 40 days
the combination of pre-emergence application (0 DAS) of
thiobencarb with repaated application, propanil or hand
weeding did not Aiffer significantly even though their

" difference with hand weeding was significant. Same was
the case between the different butachlor treatments. At
S0 days To + 20, To + H.W and To + 30 were on par with the
hand weeded plot., Among the butachlor treatments Bo + HW
recorded significantly higher nitrogen uptake which was on
par with the better thiobencsrb treatments. At 60 days
among the different herbicide treatments To + 20 was
significantly superior, even though it recorded aiénifi—
cantly lower N uptaks than hand weaded plot. ﬁowaver at
harvest stage To + 20 was on par with hand weeded control
and it was followed by To + H.W and To + P 30, the Aiffer-
ence betwesn the latter two were not significant,

(b) Phosphorus

The data on phosphorus uptake by crop at different
stages (Table 24) and the corresponding phosphorus contents
in crop sample (Appendix-VII) are shown.



Table 24. Effect of treatments on the rhosphorus uptake by crop (kg/ha)

Stages

Treatments -

30 DAS 40 DAS 50 DaS 60 DAS Harvest
To 1.06 2.72 3.51 6.0 " 9,74
To + 20 1.02 3.64 6.16 11.24 13,29
To + 30 0.88 3.60 5.2 7.7% 10.76
To + P 30 1.03 3.37 4,35 7.63 11,78
To + HW 1.00 3.28 5.6 8.5 11.94
Bo 0.65 2.16 3.36 4,33 8.66
Bo + 20 0.96 29 4.21 6.29 10.41
Bo + 30 0.79 2.81 3.89 5,32 9.06
Bo + P 30 0.79 3.19 4.26 7.9 10.91
Bo + H W 0.8 3.08 5.81 9.82 10,82
P 15 0.44 1,67 1,47 3.54 7.89
T15 + P 15 0.71 2.41 2.07 4.2 9,02
B 15 + P 15 0.74 2.39 2.07 4.14 T.E9
H.W 0.92 4.27 6.91 12.89 13,98 .
U W 0.48 2.01 1.1 3.27 6.78
SEn+ 0.066 0.226 0.427 0.262 O.424
CD (0.0%) 0.19 T 0.655 1.237 0.757 1.198

HI
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In general hand weeded plot recorded the maximum and
unweeded the minimum uptzke of phosphorus. Butachlor-
applied a2 baszl application alone and propanil applied at
1% days either alone or in combination with the pre-emergence
herbicides racorded lower P uptake in general. Among
butachlor involving treatments butachlor applied as basal
application recorded lowest phosphorus uptake at all aﬁages

of the crop.

At 30 days treatments involving thiobencarb with a .
second application of either thiobencarb at 20 or 30 days
or propanil at 30 days or a hand weeding at 40 days dia .
not differ significantly. At 40 days also the treatments
involving combination of thiobencarb at O days with 1its
repested application, propanil or hand weeding were on par
and racorded higher F: uptake than all other herbicide
treatments even though the differences were not significant
in all cases. This trend was éontinued at subsequent stages
also. ﬁowevar £rom Eb days oﬁwaras To + 20 recorded
significantly higher P uptake than the other thiobencarb
combinations. AF all the stages combination of butachlor .
with a second application at 20 days, propanil zpplication
at 30 days or a hand weeding at 40 days recorded better P
uptake thaﬁ the sinéle basal application of butachlor

alone,
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(c) Potassium

Table 25 and Appendix-VIII presents the potassium
uptake by crop and the corresponding potassium contents

respectively at different stages of the crop.

At 30 days maximum uptake of potassium by crop was
racorded by To + 20 and at all other stages maximum uptake
was recorded by hand weeded plot, At 30 days all the
treatments involving thiobencarb were on par with To + 20,
At this stage all the treatments involving butachlor
whether spplied glone or repeagted after 20 or 30 days or
in combination with propanil at 30 days or a manual
weeding at 40 days showed no significant differences.

At 40 Aanys treétmentS'involving application of
thiokencarb and its repetition at 20 or 30 days resulted
in potassium uptake on par with hand weeded plot. %he
treatments involving a second spplication of either
butachlor or propanil or a hand weeding after the applicat-
ion of butachlor at gero days showed no significant differ-
ence between them, even though they were lower than that

of the thiocbeneark treagtmants,

At 50 days treatments involving a manual weeding at

40 days after the appliecation of the pre-emergence herbicides



Tsble 25, Effect Of treatmsnts on the potassium uptake by crop (kg/ha)

Stages
Treaatments - . . -
30 DAS 40 Das 50 DAS 60 DAS Harvest
Ta S 13.49 21,98 35.14 - 48.91 120.24
To + 20 ' 16,00 31.21 S0.6 ©  B83.41 193,76
To 4+ 20 ‘ 13.49 32,24 45,76 - 57.5 147,32
To + P 30 ' 13.39 26.68 38.28 - 64.53 . 160,87
To + H. W : 12.88 25.15 50.00 - 75.29 170,87
Bo ' 10,4’ ‘18,38 32,06 - 35.00 99,26
Bo + 20 ' 12.8 29.00 35,64 - 53.24 131,61
Bo + 30 ' 10.73 27.04 34,02 - 42.98 112.8
Bo + P 30 ‘ 10.48 29.5 34,44 64.39 156.86
Bo + H.W ‘ 10.81 24.64 51.83 72,83 151,38
P 15 ' 6.97 ‘15,96 19.32 30.94 ' 91,27
T 15 + P 15 ' 9.44 22.16 21.71 33.88 101.62
B 15 + P 15 ' . 9.44 20,24 20.68 33.46 85.74
H.W 15.68 35,36 56.73 92.16 - 196.78
U.W 6.82 16.64 12.13 29.82 67.96
SEmt 1,351 1,963 3.669 2,035 5.228
- Cb {0.05) 3.913 5.G84 10.627 5.893 15.141

801
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at zero days and To + 20 were on par with the hand weeded
plot. At 60 days stage hand weeded plot and at harvest
stage hand weeded plot and To + 20 recorded significantly

higher potassium uptake than all the other tyxsatments.

The results on the nutrient upteke by the crop at
different stages shows that 1ln the treatments where nutrient
uptake by weeds was less (Table 20, 21 and 22) the corres-
ponding nutrient uptake by crop was higher. This is due
to the lack of nutrient competition from weeds, resulting
in better growth and dry matter production of crop (Table
14). The NPK content of the crop (Appendix.v¥l, VII, VIII)
in differant tr@atmen&a did not show much variation between
them and hence the diffcrences in the uptake of nutrientes
by crop is actuslly due to the differences in the dry matter
production. In earlier studies Ssnkaran at al. (1974) and
Jayasree (1987) have reported higher nutrient uptake by

crop in hand weeded plot compared to unweeded control.

4.4 Economice of Different Traatments

The data on the economics of the different trestmants
is presented in Table 26 and illustrated in Pig., 7. The
detalls of coat of cultivation and returns are given in

Appendix-IX{a) and (b).



Table 26. Economics of rice cultivation under different
waed control treatments

T T Zotal cost  Total Net  Return/Rupse

Treatments of culti~ returns profit invested
vation (Bs./ha) (zs./ha) (2s,)

(rs,/ha) .

To 4566,00  10,975.55  6409,55 2.4

To + 20 5032,00  13,988,75  8956,75 2.77

To + 30 5032.00  11,982.60  6950.6 2,38

To + P 30  5351,00  11,129.30  5778,3 2,07

To + B 5574.00  12,970.75 - 7396.75  2.32

Bo 4555,2 9,070,25  4515,05 1.99

Bo + 20 5010.4 10,755.70  5745,30 2.14

Bo + 30 5010 .4 9,473.60  4463,2 1,89

Bo + P 30  5340,2 11,223,85  5883,65 2,10

Bo + H,W 5563,2 11,652,00  6088.8 2.09

P 15 4885,00 4,111,285  =773,75 0.84

T 15 + P 15 5191,00 9,429.75  4238,75 1.81

B 15 + P 15 5020,2 5,526,5 506.3 1.1

H.W 7180.,0 14,965,15 . .7805.15 2,08

U W 4100.0 1,403.05 -2696,95 0.34
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The net profit was highest in To + 20 plot
(r:.8956.,75 ps/ha) followed by hand weeded plot (rs,7805.15
ps/ha). Compared to these treatments the unweeded plot
racordesd a loss of B5,2696.95 ps/ha.

The highest return per ruges invested was cbtained
in To + 20 treatment (Rs.2.77 ps) followed by thiobencarb
applied alone (F.2.40 ps); To + 30 (s.2.,38 ps)y To + HMW
(5.2.32 ps), Among butachlor treatments Bo + 20 (Rs.2.14 ps)
and Bo + P 30 (,2,10 ps) were found to be superior. All
the sbova treatments recorﬁed'higher return par rupee
invested than the hand weeded plot. Propanil whether
applied alone or in combination with butachlor or thicben-
carb and Bo + 30 gave low return per rupee invested.
Unweaded contrcl recorded the least return of Rs.0.34 ps per

rupee invested,

In terms of total yreturns, the hand weeded plot,
scemed to be superior giving a return of Rs.14,985.15 ps/ha
(Fig. 7) but when the high cost of lsbour is considered the
net profit and thereby raturn per rupee invested was lower

in this treatment.

The result suggests that to get maximum returns per

rupee invested it is preferable to go for chemical weed
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coritml. sither complete (repeated application of pre-
cﬁaz@ence herhicid-)ﬁ or a combination of pre-emergence
application and a subsequent hand weeding. -The poor return
and net profit from propanil treatments is due to the
higher cost of the herbicide coupled with a lower crop
vield, cémpared to other herbicide treatments,



.Qummﬂ y
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5., SUMMARY

A field experiment was conducted at the Agricultural
legearch Station, Mannmuthy under the Kerala Agricultural
Iniversity, during the first crop season of 1987 to evaluate
:he efficlency of repeated applicat;on of pre~emergence
ierbicides as well as combined application of a pre-~-emergence
ind a post-emergence hérbicide at early post-emergence stage
£ rice. The main objective was to develop a cheaper and
1fficlent herbicide sequence for season long weed control in
iry sown rice. The experiment was laid out in randomised
»lock design, with three replications. Treatments comprised
»f pre-emergence herbicide thicbencarb/butachlor applied at
iero days alone or repeated after 20 or 30 déys, combination
»£ pre~emergence application with propanil at 30 days or a
1and weeding at 40 days and appllecatlon of propanil at 15
lays alone or as tank mix with one of the pre-emergence
ierbicides at 15 days. Efficlency of these treatments were
ompared with two controls viz., weedy check and hand weeded
sheck, The salient findings of the experiment are summarized

elows

Grasses and sedges constituted major part of the weed
Ilora in the experimental field. A few broad leaved weeds

/ere also. present from 40 days onwards. Among the grasses,
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Isachne miliaces, Saccoleppis interrupta and Echinochlog
colona and among sedges, Cyperus iris were the prominenf

weeds.,

The grass weeds were very effectively controlled with
thiokencarb application and repeated application qf the same
pre-emergence herbicide (To+20) had resulted in better
..effectslwhi;g butgchlor application at zero days and repeated
. after 20 days (Bo+2b) controlled the sedges completely. When
the tqtalkweedlpopﬁlation was analysed both thiobencarb and

butachlor were statistically on par.

Thiobencarb was better than butachlor in reducing dry
matter production by weeds. In this trial a second applicat-
ion of thicbencarb or butachlor at 20 days stage extended the
weed control effect of the pre-emérgence herbicide .applied at
zero‘days and thus gave an effect equivalent to hand weeding
or propanil appllication. A significant positive correlation
was found to exist between total weed population and weed dry
matter production during all the stages. The highest weed
¢control efficienqy duping critical stages (upto 60 days) was

noted in hand weededlploté (HW; To+H.,W; Bo+H.W) and To+20
treatment.

Both the herbicides thiokencarb and butachlor produced
slight phytotoxicity on crop due to heavy rainfall after the

application of the pre-emergence herbicides at zerc days.
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High weed density and weed competition reduced the height,
tiller number and dry matter production of crop. The dry
matter production by crop was higher in plots where the
pre-emergence herblcldes were repeated or a hand weeding
'given. Hegative correlation was found to exist between

crop dry matter production and weed dry matter production.

Maximum number of productive tillers per hill and
number of grains per panicle was noticed in hand weeded
control followed by thiobencarb repeated after 20 days
(To+20) ., To+H.W recoréed maximum length of panicle. There
was no significant difference between thousand grain weilght
in different treatments. Maximum grain yield was produced
by hand weeded control which was on par with To+20. The
straw yield was maximum in hand weeded plot. In treatments
where weed control was effective the grain : straw ratio and
harvest index were higher. Yield attributing characters
like length of earhead and number of grains/earhead were
higher for these treatments, which would have.led to 'a higher

proportion of grain compared to straw yield.

Repeated application of thiobencarb (To+20) gave
maximum weed index value and only To+H.Wwas “on par with this

treatment.



11b

Nutrient uptake by weeds and crop showed almost
oppozsite trend, The N, P and K remgval by weeds were
minimuﬁ in To+20., The treatments where weeds were control-
led better resulted in lesser removal of N, P and K by weads

and higher uptake of these nutrients by crop.

The net returns and return per rupee invested was
maximum in To+20 treatment. Although the total returns
from hand weeded rlot was higher, the high cost of hand

weeding brought down the return per rupee investad;

From the results of the study it could be concluded
that repmted application of thiobencarb (To+20) was the
most efficient treatment for controlling the weeds and in-

creasing the yleld of dry sown rice.
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Aprendix—-1
Datall=s of herbicides

Butachlor

Thiobencarb Propanil

1

2 3

1. Chenical name

2.

3.

4.

S.
€.
7a

Structural
formila

Herbicidas
family

Manufacturar

Trade name
Formulation

Physical
properties

Ne(butoxymethyl)-2-Chloro
2', 6'-diethyl acetanilide

CH,0C H

: /// 249

COCH2C1

Amides

Pest Control Co.

Butachlor 50 EC
EC 50

Molscular welght 311.9.
51ightly sweet aromatic
amber ligquid. Melting
point less than -5°C,
Boiling point 156°C at 0.5
om Hg. Solubility in water
-23 ppm at 24°C, Soluble in
ether, acetone, benzene,
alcohol, ethyl acetate and
hestane at room temperature.

s KEC4-Chlorophenyl) methyl| 3', ¢'~&ichloropropion-

diethyl carbomothivate anilde
I & T
c1-¢ _ - cn,son < - . c1@n_c.cnz-cn3
' CZHS C1
Thiocarbamates | Amnides

Pesticides India Ltd,,
Udaipur, Rajasthan.

Saturn 50 EC
EC 50

Molecular weidght 257.8
Oily liquid with pale
amber to light yellow
colour. Melting point
3.3°C, EBEoiling point

126 to 129°C at 0.008 mm
Hg. &Soluble in organic
sclvents like Acetone,
Ethyl alcohol and Xylene.
Selubility in water 30 ppm
at 20°C stable in acid and
alkali

Indofil Chemicals

EC 35

Molecular weight 218.0.
Light brown to gray-
black liguid. Melting
point 8% to 89°C, Solu
bility in water 0,.0S5%,
solubility in organiec
solvents  25%,

Contd.



Appendix-I. Continued
1 2 3
8. Rates Approximately 1.12 to 3.4 to 4.5 kg/ha 3,36 to 6.7 ka/ha
4.48 kg ai/ha as a broadcast .
treatment depending on type
of application, crops, weed,
stage of growth etc.
9. Mode of Information incomplete. Inhibits protein Contact herbicids.
action Based on mode”) of action of biosynthasis and

10. Method of
application

11. Absorption
character

12. Average
peraistence
at recommand-
ed rates

other chloroacetanilides,
butachlor probably inhibits
protein synthesis in
susceptible plants.

Pre~samergence soll surfzce
treatment, application in
water with transplanted rice
and as a post emergencs
application in combination
with propanil.

Absorbed mainly by the
germinating plant shoots,
secondarily by roots.

6 to 10 weeks, varieSiwith
s0il type and climatic
conditions,

gibberlin biosynthesis.

Pre-emergence to early
post-emergence appli-
cation in rice.

Absorbed by roots, stem
and leaves. Trang-
located acropetally

and basipetally.

2 o 3 weeks under
aercbic conditions and
6 to 8 months under
{anaerobic conditions.

Ground or aerial applicat-
ion used for selective post
emergence control of grass
(Echinochlea) and broad
leaved weeds in cultivated

rice.

Movas from leaf to growing
point, then back to the
leaves. '

one to 3 days under warm,
moist conditions typical
of time of application

Spource:

wssa (1983).

Herbicide

nd Book of the Weed ,Sc:ience- Society of Amari

Weed Science Society of America, Illinois. 515pp.

Fifth edition.



APPENDIX-II
Heed flora in the axperimental fleld

Botanical name . Common' name Malayalam . Family
name

= - - - - - — e i pe Sy o A e . A e ol e e e e e D Gl

A. Monocots

(1) Srasses

1, BEchinochlos colona Jungle rice Kavada Graminege
(L) Link
2. Eleusine indica (L) Goose grass _ Gramineae
Gaertn
3. Isgghna miliaces Roth Chovarirullu Gramineae
4. Ssceoleppis interrupta Polakkapottan Gramineae
L. {Polappullu)

(14) Sedgem
1. Cyperus iris (L) Riceflaﬁ Mutﬁanga Cyperacoae

sedge _
2. Cyparus difformis L. ' Thalaskettan Cyperaceae
3. Eriocaulon ap Eriocaulaceae
4, Fimbriagglis-miléggig Hoorah grass Mung | Cyperaceae .
ahl,

(111) Brosd leaved

1. Ammanis bacgifers Blistering Kallarvanchi Lythraceae
Linn Ammnania :

2. Lindernig sp Scrophulari-

‘ ‘ aceae

3, Iudwigia parviflora, Nirgrambu Onagraccae
Roxb.

4. Monochoria vaginalis Hae‘olpalam Pontederiaceae

. Prestl, {Karimkoovalam)
5. Sghaeranthus indicus, ' Adakkamanian Compoaltae
. Linn, ‘
6. Sghenochlea zeylanica, Campanulaceae
Gaertn,

7. Emilis sonchifolin Meoyalcheviyan Compogsitae

- - e em e e s - S A S sy S b - W TS AR G OV SIS SN S B



Appendix-1

1r

Nitrogen content of weeds at different stages (%)

Stages

Treatments @  «v—m-

30 DAS 40 DAS SO DAS 60 DAS Harvest
To 2.2 1.9 1.5 1.7 1.6
To+ 20 2.2 2,0 1.7 1.6 1.4
To + 30 2.5 1.9 1.9 1.5 1.5
To + P 30 2.2 1.9 1.5 1.7 1.5
To + HW 2.3 1.9 1.7 1.9 1.4
Bo 2,2 2.0 2.0 1.5 1.9
Bo 4+ 20 2.5 2.1 1.8 1.4 1.8
Bo + 30 2.4 2.0 1.5 1.5 1.5
Bo « P 30 2.3 1.9 1.6 1.4 1.5
Bo + HW 2.2 2.0 1.7 2.1 1.5
B 15 2.4 2.1 1.9 1.8 1.8
T 15 ¢+ P 15 2.3 2.1 1.9 1.8 1.6
B 15 + P 15 2.1 1.8 1.9 1.5 1.8
H,UW 2.5 1.9 2.0 1.7 1.8
U W 2.3 243 2.1 - 2.2 1.9




Appendix-IV

Fhosphorus content of weeds at different stages (%)

Stages
Treatments - ‘ .
30 DAS 30 DAS 50 DAS 60 DAS Harvest
To 0.17 0.19 0.17 0.13 0.13
To + 20 0,16 0.2 0.17 0.14 0.12
To + 30 0.18 0.18 0.19 0.15 0.13
To + P 30 0.18 0.18 0.16 0.17 0.13
To + H.W 0.19 0.2 0.19 0.16 0.12
Bo 0.18 0.2 0,18 0.17 0.15
Bo + 20 0.15 0.2 0.16 0.12 0.13
Bo + 30 0.16 0.23 C.18 0.15 0.13
Bo + P- 30 0.16 0.19 0.19 0.13 0.13
Bo + H.W 0.17 0.21 0.19 0.15 0.11
P 15 0.17 0.2 0.18 0.18 0.15
T 15 + P 18 0.16 0.21 0.16 0.17 0.15
B 15 + P 15 0.16 0,19 0.13 0.16 0.14
H,W 0.19 0.19 0.17 0.14 0.12
W 0.16 0.2 0.2 0.16 0415




Potassium content of weeds at different stages (%)

Stages
Treatments .
30 DaAS 40 DAS S0 DAS 60 DAS Harvest

To 1.8 242 1.6, 1.7 1.8
To + 20 1.4 2.4 1.5 1.2 1.5
To + 30 1.4 2.4 1.5, 1.5 1.6
To + P 30 1.6 241 1.8 1.7 1.6
To + HW 1.5 2.4 1.6 1.9 1.8
Bo 1.6 1.8 1.5 1.5 1.5
Bo + 20 1.3 147 1.7 1.8 1.6
Bo + 30 1.6 1.7 1.4 1.8 1.5
Bo + P 30 1,6 243 1.2 1.6 1.6
Bo + H.W 1,6 2.1 1.8 1.9 1.5
P 15 147 149 162 .4 1.6
T 15 + P 15 1.8 .23 1.2 1.5 1.7
B 18 + P 1§ 2.0 |2.1_ d.8 d.5 1,7
H,W ’ 1e1 - 2.4 1.2 2.0 1.6
VW 1.8 1.8 1.6 1,9 1.9




Appendix-VI
Nitrogen content of crop ; at different stages (%)

. Treatments - Stages :
’ Harvest

_ 30 DAS 40 DAS S0 DAS 60 DAS Grain Straw
To 2.2 2.1 2.0 2.1 1.6 1.3
To + 20 2.3 2.2 2,3 2.6 1.8 1.2
To + 3C 2.2 2.4 24,3 2.3 1.6 1.3
To +P30 2.2 24 2.1 2.4 1.9 1.4
To + HW 2.2 2.3 2.4 25 i.8 1.3
Bo 2,0 2.1 2.2 2.0 1.6 1.3
Bo + 20 2.1 262 2.1 2.1 1.7 1.3
Bo + 30 2.0 2.2 1.9 2.1 1.7 1.2
Bo + P 30 2.2 2.2 2.1 2.4 1.8 1.2
Bo + H,W ~ 2.1 2.3 2.2 2,4 1.8 1.1
P 35 1.8 2.0 2.0 1.9 1.5 1.4
T 15 + P 15 1.9 2,0 . 2.1 2.0 1.6 1.3
B 15 4+ P 15 1.9 2.1 1.9 2.0 1.5 1.4
HW 2.3 2.4 2.3 2.7 1.8 1.2

U W 2.1 2.0 1.8 1.7 1.4 1.4




Appendix-V1X
FPhorphorus content of crop at different stages (%)

Stages
Treatments
30 DAS 40 DAS 50 DAS 60 DAS Harvest

) . Grain Straw
To 0.18 0.26 0.21 0.27 0.2 0.13
To + 20 0.16 0.28 0.28 0.31 0.18 0.12
To + 30 0.15 0.29 0.25 0.31 0.18 0.12
To + P 30 0.18 0.29  0.25 0.26 0.18 0.13
To + H.H 0.18 0.3 0.28 0.26 0.18 0.12
Bo 0.15 0.27 0.22 0.26 0.2 0.13
Bo + 20 0.18 0425 0.26 0.26 0.19 0.13
Bo + 30 0.17 0.27 0.24 0.26 0.19 0.13
Bo + P 30 0.18 0.27 0.31 0.27 0.19 0.12
Bo + HW 0.17 0.3 0.28 0.31 0.18 0.12
P 15 0.14 0.22 0.16 0.24 0.21 - 0.16
T 15 + P 15 0.18°  0.25 0.21 0.26 0,2 0.15
8 15 + P 15 0.18 0426 0.22 0.26 0.21 0.15
H,W 0.14 0.29 0.28 0.33 0.18 0.12

oW 0.16 0.29 0.18 0.23 0.21 0.16




Appendix-VIII
Potassium content of crop at different stages (%)

Stages .
Treastments - ~ ————— —
) o Harvest

30 DAS 40 DAS 50 DAS 60 DAS  Grain Straw
To 2.3 2.1 2.1 2.2 0.8 2.5
To + 20 2.5 2.4 - 2.3 2.3 0.9 2.7
To + 30 2.3 2.6 2.2 2.3 0.9 2.6
To + P 30 2.3 2.3 2.2 242 0.9 2.7
To + H.W 2.3 2.3 2.5 2.3 0.9 2.7
Bo 2.4 2.3 2.1 2.1 0.8 2.5
Bo + 20 2.4 2.5 2.2 2.2 0.9 2.6
Bo + 30 2.3 2.6 2.1 2.1 0.8 2.6
Bo + P 30 2.4 2.5 2.1 2.2 0.9 2.7
Bo + H.W 2.3 2.4 2.5 2.3 0.9 2.7
P 15 2.2 2.1 2.1 2.1 0.7 2.3
T 15 + P 15 2.4 2.3 . 2.2 2.1 0.7 2.4
B 15 + P 15 243 2.2 2.2 2.1 0.8 2.4
H.W 2.4 2.4 2.3 2.4 0.9 2.7

U.W 2.3 2.4 2.0 2.1 0.7 ‘2.3




Appendix-IX(az)

Cost of cultivation excluding cost for weed control (is./ha)

Cost of

Labour charges

‘Malathion (1000 ml)"

gs

Particulars : Total
) input Tractor | Men.' Woman '
Land preparation - 600 261 - 84 945
(Tractor-12 hrs +
9 M+ 3W)
Seeda (125 kg) 375 - - - 375
Sowing (33 M) - a7 - 87
Paxrtilizer '
Urea {155 kg) 387.5 - - - 387.5
Muszoriphos (175 kg) 175.0 - - - 175.0
M.0.P. (58 kg) 101,5 - - - 101,5
Application (3 M) - - 87 - 87.0
" Plant Protection -
- - - 85 ,

Conta.



Appendix=IX(a). Continued

Labour c¢harges

Coat of
Particulars Total
input Tractor Men Women
Application (2 M) - - 58 - 58
Water managernent (5 M) - - 145 - 145

5. Harvest operations

Harvesting (22 W) - - - 616 616

Threshing(20 W) - - - 560 560

Cleaning and drying - - 58 420 478
(28 +15w) - -

Total . 1124 600 696 1680 4100

Seeds - Insecticides Fertilizers Lsbour chgrges

Paddy seed @ 25.3/kg Malathion @ m.85/1it Urea © 55,2.50/%kg Men @ 25,29/day
) Mussoriphos € s, 1/kg Women @ Bs,28/day
M,0.P. @ ®.1.75/%g  Tractor @ &, 50/hr



Appendix-IX{b)
Economics of differant treatments (is./ha)

- O - S T 4 e e W

Preatments Cost of Cost of Total cost Return from Return from Total
caltivation weed cont- . of grain yield Straw yield return
excluding rol operat- cultivation
cost for ion
weed control

To 4,100,00 466.00 4,566.00 7,048,25 3,927.30 10,975.55

To + 20 4,100.00 932,00 5.,032.00 9,308.75 4,680.,00 13,988.75

To + 30 4,3100.00 932,00 5,032.00 8,219.75  3,762.85 11,982,.60

To + P 30 4,100.00 1,251.00 5,351.00 7.150.00 3,979.30 11,129,.30

To + HW 4,100,00 1,474.00 5,574.00 8,615,775 4, 355,00 12,970.75

Bo 4,100,00 455.20 4,555,2 5.508.25 3,562.00 9.,070.25

Bo + 20 4,100.00 910.4 5,010.4 7.260.,00 3,495.70 10,755.70

Bo + 30 4,100.00 910.4 5.010.4 6, 325.00 3,148.60 9,473.60

Bo + P 30 4,100.00 1,240.20 5,340,2 7.119.,75 4,104.10 11,223.85

Bo + H.W 4,100.00 1,463.20 S, 563.2 7.807.25 3,844.75 11,652.00

P 15 4,100,00 785,00 4,885,00 1,966.25 2,145.00 4,111.25

T 15 + P 18 4,100.00 1,091,00 $5,191.00 6,283,775 3,146.00 9,429.75

B 15 + P 15 4,100.00 920.2 5,020,2 2,887.50 2,839.00 5.526.5

H.W 4,100.00 3,080,00 7,180.00 10,106.25 4,878.9 14,985.15

R 4,100.00 - 4,100.00 638.00 765.05 1,403.05

Price of paddy @ 8s5,275/Quintal Cost of propanil (Stam F-34) @ B5,125/litre
Price of straw © &.65/Cuintal . Hond weeding (3 hand weedings) 2~
Cost of thiobencarb {Saturn 50 EC) @ :.102/1litre @ Rs,28/W(

Cost of butachlor {Butachlor 50 EC) @ k5.98.40/1itre Spray application, S Men @ ks.32/
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Aprendix-X

Abstract of analysis of varlance

Moan sum of square=

Character —-— - : — _— —
Source af 30 DAS 40 DAS 50 DAS G0 DAS Harvest
1 2 3 4 5 6 7 8
Studies on t"rgggg : \

Isgchne sp. count Treatment 1¢ 64 .47 489, 35* . 441,73* (13)400,92* 321,63*
. Error 28 3.29 33,93 54.93 . (26) 25.47 41,85

Saccoleppis sp. count Preatment’ 14 8.18*% 14,24% 33.20% 66 .69% 65.61*
‘ Error 28 1.79 3.44 2.71 15.9 9,35

Echinochlop sp.count Treatment -3 14,96% 34.32% (7)) 23.34* (10) 24.06* (10)25.22%
' Error - i8 2,08 7.04 . (14) 8.14 (20) 1.68  (20) 2,85

Total grass weed Treatment 14 83.53* $11,85*% 509.15% 448,08* 411.33%
count | Error | 28 3,31 23.92 44,99 14.9 34,26
Cyperus sp. count Treatrment - 26,97* (12) 53.13* (13)32.96* (12) 34.9*% (i0) s.61%*
' Error 18" 3.18 (24) 3.24 (26) 6.64 (24) 0.86 (20) 0.96

Broad leaved weed Preatment 13 - 13.4* (14)24.55% (12) 42.5* 18.85%
count ' Error 26, - 9.98  (28)13.49 (24) 10.99 12.185

Total weed count Treatment ‘14 101,53* 461.48% 531,3*% 375.11% 333.62*
Error 28, 3.45 17.52 32,55 24 .83 31.74

NB: Values in paranthesig indicate the degree of freedom for thase Contd.

characters whose df is different from the general 4f in the

3rd columne



Appendix-X, Continued

a4y 2 3 4 5 6 7 8
Weed dry matter Treatment 14 6.54* 35,2% 44 .88% §9 ., 45% 77.14%
Error 28 0.44 1,34 2.87 6.68 5.7
Weed control Preatment 13 733.11% 350,43*% 585,69*  1209.05* 1506.96*
éfficiency Error 26 98.92 52.8 80.11 244.95 268.45
Studies on crop
Crop dry matter Treatment 14 368,04* 1326.23% 8611.33* 19818.52*  93603,0*
Error 28 45,83 201,16 747.82 251,55 2090,86
Nutrient uptake ]
Drain by weeds Treatment 14 24.28% 360.53*% 600.84* 1162.95* 969.43%;
Nitrogen Error 28 1.25 8.32 23.12 74.91 88.3
FPhosphorus Treatment 14 0.118" 2.735% 5.24% 7.71* 7.034%
Error 28 0.007 0.076 0.19 0.69 0.557
Potassium Treatment 14 15,19* 219.57% 344,65  B49,.56* 1001.721*
Error 28 0.77 7.38 13.64 82.14 77.104
Uptske by erop
Nitrogen Treatment 14 26,09* 103,31* 546.62* 1915,43% 2075.01*
Error 28 2.04 9.72 37.91 13.62 57.35

Conté.



Appendix-X. Continued

1 2 ‘ 3 4 5 6 7 8
Fhosphorus Treatment 14 0.11* 1.45*% 9,33% 23,75* 12.47*
) Error 28 0.01 < 0.15 0.55 0.21 0.51
Potassium Treatment 14 22,18% 102.18% 535.63% 1244 .49% 4907.14%

Error 28 5.48 11.56 40,38 12.42 81.99
Observations at
harvest
Total tillers/hill Treatment 14 8.1*
Erroxr 28 2.73
Height of plant Treatment 14 261,93%
Error 28 87.44
Productive tillers/ Treatment 14 7.02%
hill Error 28 1.2
Length of panicle Treatment 14 15,29*
Exror 28 0.08
Grains/panicle Traatment 14 754 .04%*
Error 28 68.23
Thousand grain weight Treatment 14 , 6.82
Error 28 3.98

- - - . -

Contd.



Appendix-£X, Continued
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1 2 ' 3

Grain yvield Treatment. 14 285,14%
Erroxr 28 3.94

Straw yield Treatment 14 776.06%
Errox : 28 9.16

Grain : Straw - Treatment 14 0.04.
Error - 28 0.022

Harvest index Treatment 14 0.0112
Error - 28 0.05

Weed index Treatment 14 2136.12%
Error 28 35.69

*Significance at 5% level
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ABSTRACT

Field experiments were conducted during Virdippu
(1st crop season) of 1987 ie. from June to September at
Agricultu;al Regsearch Station, Mannuthy under the Kefala
Agricultural University, Vellanikkara, Kerala with the
objective of evaluating the efficiency of repeated appli-
cation of pre-emergence herbicides as wall as combined
application of pre-emergence and post-emergence at early
post-cmergence stage of rice so as to develop a cheaper and
efficient herbicide sequence for season long weed control
in dry sown rice. Fifteen treatments were compared with
farmers practice of hand weeding, unweeded control and
post-emergance application of propanil aloﬁe. ?he experi-

ment was carried out in R.B.D. with three replications.

The dominant weeds wera Isachne miliacea, Saccoleppis
interrupta and Echinochloa colona in gresses, Cyperus iria

in sedges and Ludwigia parviflorsg and Ammania baccifera
in broad leaved weeds. Contrel of Eg¢hinochlom colona and

other grasses vere most effective in the treatment where
thiobancarb was repeated at zero and 20 DAS whereas repeated
application of butachlor at 0 and 20 DAS controlled the
gedges effectively. Higher weed control index and weed

control efficiency were noticed when thiobencarb applied at



zaro days was repeated after 20 or 30 days or followed up
with propsnil at 30 days or a handweeding at 40 days,
compared with the single pre-emergence application of .

thicbencarb at zero days only.

Weed management through the thiobencarb O -+ 20 days
treatment was more sffective in improving the growth,
vield attributes and yleld of rice and gave h;gher graln
vield on par with that of hand weeded plot.

- The benefit/cost ratio =lso worked out to be maximum
in the thicbencarb 0 + 20 treatment, proving it to be the
most effective and cheapest method of weed control in dry

sown rice.





