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INTRODUCTION

Direct seeding of rice is a common practice among 
farmers in rainfed areas to talc© advantage of early rains 
for crop establishment. In Kerala rice is the principal 
crop, occupying an area of 6.64lafch hectares. Out of this, 
3.86 lafch hectares are cultivated during the vlrippu 
season# about 87% of which is under semi dry system of 
rice (FIB, 1989)• So in this semi dry system of cultivat­
ion intermittent rains lead to 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 plant type 
which are aggressive and competition is therefore greater 
with Cg rice.

In dry seeded rice the yield losses due toweeds is 
very huge and vary to a great extent depending on the weed 
intensity, weed competition, cultivar used and the manage­
ment level adopted. Pillai and Rao (1974) and Singh (1985) 
have estimated the extent of yield 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.
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The most common methods of weed control practiced 
from time immemorial are the mechanical and cultural method 
of which hand weeding ie the moat common. But hand weeding 
is a slow and labour intensive activity and require repeated 
operation for successful weed control. With labour becoming 
more scarce and costly, now-a-days herbicides offer a great 
potential.

There are nearly two hundred herbicides, chemically 
and functionally diverse and highly selective available for 
use in various crops Including rice throughout the world. 
However, in dry sown rice the range of herbicides that could 
be effectively used against the weeds without causing harm 
to rice seedlings is very limited.’

Herbicides lifce butachlor and thiobencarb are widely 
recommended for pre-emergence application in dry sown (semi- 
dry) rice. Studies indicate that weed free condition upto'i
40-60 days ia essential for getting good yields in dry sown 
rice (All and Sanlcaran, 1984a; K&U, 1984b)« It is seen that 
the residual activity of these herbicides will last only for 
about three week3 and hence there ia every chance of weed 
emergence and competition from about one month after sowing.
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A single herbicide treatment with pre-emergence 
herbicides like butachlor and thiobencarb alone is found 
unsatisfactory (IRRI, 1978, 1980). To control the weeds 
emerging after the effect of the pre-emergence herbicide 
is over, a post-emergence spraying with propanil at 30 d as 

® 1,5 kg/ha or a hand weeding around 40 DAS is found to be 
effective. However, propanil is comparatively costlier and 
is not freely available in market always. Hand weeding too 
is not economical, as the labour charges are very high.

Some of the recent studies conducted by Arceo and 
Mercado (1901); Ali and Sankaran (1984b); 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% of that of propanil or 
Inand weeding.



Considering all these aspects, the present investi­
gation was taken up with the following objectives*

(i) To evaluate the feasibility o£ repeated applicat­
ion of pre-emergence herbicides for weed control 
in dry sown rice*

(li) To develop a cheaper and efficient herbicide
sequence for season long weed control in dry sow™ 
rice*

(ill) To assess the crop weed competition in dry sown 
rice in relation to the different weed control 
methods*

Civ) To find out the efficiency of combined applicat­
ion of herbicides for weed control in rice.
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2, REVIEW OP LITERATURE

In direct seeded dry sown rice weed problem is very 
severe whether traditional or chemical methods of control 
are used. In modern agriculture where high yielding 
cultivars end adequate fertilizers are used* improved weedi
control is necessary to obtain high yields, especially in 
monsoon Asia, where weed control and lend preparation are 
poor. In order to elicit optimum response from costly 
inputs like fertilizer# irrigation# water, etc, and to improveI
the cost benefit ratio# effective weed control measures based

i

on the major weed flora of the field are necessary. Scarcity 
of labour and increasing wages# make hand .weeding costlier 
and hence modern farming has to rely heavily on, Chemicals 
for protecting crops from weeds, Chemical weed control by 
pre-sowing# pre-emergence and post-emergence herbicides or 
their combinations are all effective to control weeds, Many 
studies have been conducted to assess the weed problems in 
rice and to develop effective weed control measures# in 
various parts of the world which have been recently reviewed 
by Sankaran and De Dafcta (1985) • In this chapter the results 
of some trials# with special reference to dry sown rice are 
reviewed.
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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 
Pcaceae (Gramineae) as the most common weed family with more 
than 80 species reported as weeds of rice. Cyperaceae rank 
next in abundance with more than 50 species reported as weeds 
of rice (Holm et gl.* 1977). Other families with ten or more 
species reported as weeds of rice include Alismataceae, 
Asteraceae, £abacaae# Lythraceae and Scrophulariaceae.

Out of 350 species Infesting low land and upland rice, 
Bchinochloa glabrescena, E. crusqalli, E. colons are the 
common grass weeds, while Pimbristylis tnlliaceae, Cyperus spp», 
Scirpus roaritimus are the important weed sedges and Sphenoclea 
aevlanica. Kortochoria vaginalis. Ludwlqia octovalyis, Commellna 
benqhalensis, Marailea minufca. Airmania baccifera and Ecllpta 
alba, the main broad leaved weeds (Raju and Reddy, 1986)„
Holm et al. (1977) reported Echlnochloa crusqalli as the most 
troublesome weed of rice in the world and Echlnochloa colona 
as the second in importance. Among the 14 conation weeds of 
rice identified by Ahmed and Moody (1980) at flowering stage 
Echlnochloa colona and Leptochloa chinensis were the roost 
important ones. Other world important weeds of rice Included



Cyperus dlffomls# C. rotundua, C. dxla# Eleusine indica, 
gjrabrlstylig littoralis, Iachaemura ruqosum, Monochoria 
vaginalis and Sphenoehlea eeylanica. All and Sankaran (1981) 
reported Echinochloa colona in g ra ssee, Cyperus Iria In 
sedges and Eclipta alba In broadlteaved as the major weed 
species found in association with rice* Sahai and Bhan 
(1982) and All and Sankaran (1986) observed E. cm Iona to be 
the most competitive weed in rice.

Smith and Moody (1979) reported that weed species that 
cause problem in rice vary with soil, climate, latitude, 
altitude, rice culture, seeding method, water management, 
fertility level and weed control technology. Based on survey 
of weed flora in paddy fields in raid hills of Himachal 
Pradesh, Bhiman and Aswathi (1977) concluded that among the 
various families, the weeds belonging to Gramineae alone 
constituted 86.45# of the total weed population and in 
Gramineae family, 83.54# of weeds belonged to Echinochloa 
sp. 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) reported that out of 51 weed 
species observed in direct seeded rice more than 60# were
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broad leaved, 19.6% grasses and only 17.6% sedges. Moody 
(1977a) reported that in direct seeded rice, grasses tend 
to dominate. In upland rice greater infestation of graoees 
and sedges were reported by several workers (Moody and Drost, 
1963? Slnah at al., 1986 and Jayaaree, 1967). On the other 
hand In transplanted rice broad leaved and grassy weeda 
dominated and in broad cast rice, sedges dominated (Venugopal 
et ̂ lt, 1963) .

In India the common grass weeda that normally infest 
upland dry seeded rice include Echinochloa spp., Bleuslne 
Indica, Paspalum app., Panlcum spp., Setaria spp., Digitaria 
spp., Cvnodon dactvlon and Leptochloa sp. Among sedgea 
Cyperus rotundus, C0 iria, C. difformls and Fimbristylia app. 
are the major weeds and among broad leaved weeds Commelina 
spp.. Euphorbia spp., Amaranthus spp. and Cleome vlscosa are 
the common ones (Singh, 1985).

Field experiments et IARI, Mew Delhi in unpuddled direct 
sown rice showed that grasses constituted more than 50% of 
the total weed flora. Among monocots Echinochloa colona. 
Eleusine .indica. Cyperus rotundus. C. irla and Commelina 
benghalensls dominated whereas among dicots Djgera muriata. 
Triantheme portulacastrum and Corchorus acutangularis were 
the major weeds (Kaushik and Mani, 1980) • The major weeds
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of upland irrigated rice in Marathwada included Acalyphp 
Indica* Dinebra ritroflexa* Corchorus aestuana* Dlqera 
arvenalo. Gvnodon dactvlon. Alvslcarpus ruqosus* AbutiIon 
indlcum and Cyperua rotundus (SheIke ©t jjl,* 1936). Singh 
at &1. (1987) in three trials in upland rice at G.B. Pant 
University# Nainitai identified Echinochloa colona. Scirpus 
grossus* Daetylocfrenium aegyptlura* Cyperus rotundus* C, irla 

Trlanthema monoovna afl the major weed species. In trials 
at Research Farm of Banaras Hindu University* Varanasi* major 
upland rice weed® wars Cynodon dactylon and Echinochloa 
colona among grasses? Cyperus rotundus is sedge®? and 
Cvanotis axillaris* Euphorbia hlrta. Fhvllanthua nlruri and 
Bellpta alba among broad leaved weeds (Singh et gl.* 1986)•

In the trials conducted in dry seeded bunded rice at 
3?HAU Coimbatore* All and Sankaran (1986) noted Echinochloa 
colona. Cynadon dactylon. Dactvloetenium ^aovptium. Panlcum 
repens* Paspalum sanquinale. Chlorls barbata* Dinebra arablca 
among grasses? Cyperus Iria and C, rotundus among sedges and 
Ecllpta alba* Trlanthema monogyna. Amaranthua vlridls. 
Asteracantha long!folia* Chroeophora rotteri* SpllanthcB 
paniculate* Euphorbia hlrta* Phaaeolus trllobu®* Trldax 
procumbans* Phyllanthus nlruri* Comphrena decumbens* Cleans 
chilidonii* Sosbanla exaltata and Corchorus olltorus among
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broad leaved weeds as the major weed flora. In upland 
rice in Karnataka state Cyperus iria, Echlnochloa colona  ̂
Braarostls laminar is. Conroe 1 In a benqhalenola. Amaranthua 
vlridis. Cynodon dactylon, Digitaria marglnata and 
Eimbrlstvlis rolllaeea were the major weed© (UAS, 1986)•
In upland rice in Andhra Pradesh Raghavulu and Sreerama- 
murfchy (1973) reported Echlnochloa colona, Cyperus sp.. 
Chlorio barbata. Dacty 1 oetcnium aecrvptium and Commelina 
benahalenaie as the major weeds. This trial carried out at 
Regional Agricultural Research Station, Rudrur, Niaamabad 
also revealed that grasses dominated the weed flora of 
upland rice.

In Kerala. Hair et j|l. (1974) reported Echlnochloa 
crusqalli. Cyperus sp,. Eimbrlstvlls miliacea and Honochorla 
vaginalis as the major weeds in direct seeded rice. The 
■^predominant weeds observed at RRS Mannuthy, Kerala under 
semi-dry conditions included Cvnodon dactylon, Cyperus iria. 
C, cyperinus, C, difformis, Amaranthus vlridis. Aqeratum 
conygoides, Bupatorium odoratum. Tridax pro cumber)a and 
Phvllanthua nlrurl (Nair et gl,. 1979). Experiments conducted 
at Regional Agricultural Research Station, Pilicode in rice 
under semi-dry system Identified Echlnochloa crusqalli, E. 
colona, lachaemim rugooum, Cyperus sp«, Marselia quadrlfolla
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and Eichhornea crassipaa as the predominant weeds 
(Sudhakara and Nair, 1986)• From Rice Research Station, 
Pattambi, Pillai et (1980) have reported Echinochloa 
colona, Cynodon dactylon and Brachiaria ramosa as the 
important grasses, Cyperus rotundua and C, dlfformls as the 
dominant sedges and Amaranthus viridis, Phvllanthus niruri, 
Cleome viscosa and Ludwigla parviflora as the important 
broad leaved weeds. In a recent trial at Agricultural 
Research Station, Mannuthy, Jayasree (1987) identified 
' Isaehne mlliacea, Saccoleppls interrupts and Echinochloa 
colona among grasses and, among sedges, Cyperus iria 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 only 39,62 per cent. The corresponding 
figures at harvest were 85% and 80% respectively.

The above review on weed flora of rice indicate that 
the weeds in wet land and upland rice vary greatly. In dry 
sown/upland rice, grasses dominate the flora whereas in wet 
land rice, broad leaved weeds are more in abundance. Among 
grasses Echinochloa colona was the most serious weed and in- 
sedges Cyperus 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 upon the environment. Total loss 
of crop or very low yield can result if the weeda are not 
removed in time*

Xn rice# the crop-weed competition varies with the type 
of culture# method of planting (transplanting or direct 
seeding)# cultivar (tall or semi-dwarf# low or high tiller­
ing) and the cultural practices. Greater crop-weed compet­
ition in direct seeded rice than in transplanted rice has 
been reported by several workers (Filial# 1977; Smith Jr., 
1983 and Sahel et £l.# 1983).

2.2.1 Critical period of crop-weed competition.

Xn almost all crops# there is a critical period of 
weed competition# when the competition seriously affects 
crop growth and yield. Xn direct seeded rice Balyan (1982) 
has reported severe weed competition at the early stage of 
the crop due to simultaneous emergence of weeds along with
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rice crop.Studies conducted by several workers have shown 
that increase in duration of competition reduced crop yield 
to a great extent (Vega et £il., 1967 and Moody, 1981). 
Slnglachiar et al. (1978) reported that Increase in weed 
free duration resulted in more number of panicles and 
ultimately higher yield*

According to Moody (1977b)only little competition 
existed between rice and weeds'during the 1st 20 days for 
short cultivars and 30 or 40 days for taller* leafier 
cultlvars. He concluded that the weeds germinating after 
25-33% of the life cycle of rice crop had little effect on 
yield. Nair et £l. (1975) reported that rice crop has the 
ability to compete with weeds without adversely affecting 
yield 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.

She Ike et al. (1985) reported that the most crit*M J . 
period for crop-weed competition in direct seeded rice was 
during the 1st 30 to 45 days. Reviewing the critical 
period for weed competition, Sankaran and De Datta (1985) 
have suggested a weed free 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 period of 
55 days under upland condition during monsoon, Trials 
conducted by All and Sankaran (1984a) upland bunded rice 
in Tamil Nadu revealed that a weed free period of 60 days 
in monsoon and 70 days in summer was required to ensure 
optimum yield. Singh et aj.» (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 1st 30 days while competition for the 1st 
45 days and 60 days resulted In 48.2 and 74.5 per cent 
reduction in grain yield.

A weed free period of 0—15 DAS for direct seeded
i : T *  ■ -

upland rice is essential according to the trials conducted 
at Rajendra Agricultural University, Pusa (Pusa, 1988).

A weed free period between 11-40 days produced more 
number of productive tillers (Ali and Sankaran, 1975).

Sahai et al° (1983) and Singh et al. (1987) reported 
the period 15-45 DAB to be the most critical for crop-weed 
competition in upland rice* They have observed that the 
weed© emerging during the 1st 15. Das had no significant 
effect on grain yield while weeds emerging between 15 and 
30 DAS competed with the crop resulting in reduced grain
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yield* However* Singh et gl« <1987) estimated a loss o£ 
©1*454 in grain yield in rice when a weed free condition 
was maintained only for the 1st 15 days and this was found 
to be on par with weedy condition for the 1st 75 days or 
upto harvest*

The above review indicates that the adverse effect of 
weed competition on crop yield started only from 15 days 
after sowing and a weed free condition from 2 weeks after 
sowing to 50 or 60 days is required to ensure better yield 
in dry sown rice*

2.2.2 Effect of weeds on growth and yield components.

The adverse effect of weed competition on crop growth 
and yield have been studied by several researchers. Apart 
from the effect of weed competition 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 wee 
reported by Mukhopadhyoy and Bag (1967)* Tasic et al. (1980)
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and TNAU (1985). Reduction in plant height and hastening 
of maturity has been reported by Chang (1973) due to weed 
competition. Sreedevl (1979) from Kerala reported that the 
height of plant in unweeded plot (61.74 on) was lesser than 
hand weeded plot (74.25 era). However, Noda ©t al. (1968) 
and Jayasree (1987) reported increased plant height due to 
competitive stress.

(ii) Dry matter production

Ch akrabo rthy (1973) recorded reduction in. crop dry, matter
production due to weed competition* Jayasree (1987) also
obtained maximum crop dry matter production in hand weeded
plot and herbicide treated plot, while at all stages of
crop growth, the unweeded check recorded the minimum crop
dry matter. Patel et $1. (1985) reported that in rice
nurseries crop dry matter weight was negatively correlated

"2with weed dry weight. Highest crop dry weight (45 gm“ ) 
was produced when lowest weed dry weight (6 gra ) was got. 
Jayasree (1987) also obtained negative correlation between 
-the dry matter production by crop and weed at all stages of 
the crop with more correlation 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 been reported by Sreedevi (1979) end Ramamurthy et ^1. 
(1974), Jayasree (1987) noticed reduction i'n nximber of product­
ive tillers/hill, length of panicle and number o£ grains/ 
panicle due to increased weed density. Kaushik and Mani 
(1980) and Jayasree (1987) observed that weed control treat-

v

ments improved grain filling and plumpiness, 1000 grain 
weight and number of_gra ins_.perL,panic 1 e.Sudhaltara and Nair 
(1986) also reported better tillering# higher panicle weight 
-with effective weed control.

According to Swain (1967)# the effect of Echlnochloa 
sp. in tillering was the main factor for reduction in yield. 
Aral (1967) reported that Cyperus dlfformis reduced tillering, 
panicle numbers and epikelets per ear. Woda (1973) reported 
that in Japan Echlnochloa crusqalli was most competitive 
with rice at maximum tillering or the early ripening stage. 
According to him, competition during maximum tillering 
reduced the number of panicles, while competition at early 
ripening stage reduced grain weight and quality.

Ohobrial (1981) estimated reduction in panicle number 
per unit area by 3754, number of filled grains/panicle by 
1354 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 matter 
production as well as the yield attributes of dry sown 
rice,

2,2.3 Yield reduction due to weed competition

Crop yield losses from weeds usually are proportional 
to the amount of water, light and nutrients used by the weeds 
at the expense of the crop. According to Moody (1977a), yield 
reduction results mainly due to competition for nutrients, 
especially during early growth stages.

Xn India, an annual loss of IS million tons of rice 
equivalent to 28% of annual production is estimated due to

t
weed competition (Pillai and Bao, 1974). All season compet­
ition may reduce grain yields by 11% in transplanted rice,
20% in direct wet seeded rice and 46% in direct dry seeded 
rice (Da Datta, 1979),

Uttaman (1949) reported losses ranging from 5% decline 
in grain yield to total failure of crop due to weed compet­
ition. Other estimates on losses due to weeds ranged between 
10 to 98% (Mukhopadhyay et j&l., 1972); 30 to 40% (Singla- 
chiar, 1977) and 60 to 75% (Bablfcer, 1982).
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Trials conducted at CRHI Cuttack in direct seeded rice 
by Dubey et ĵ l. (1976) showed total loss o£ crop with no 
weeding* In another trial at CRRX Cuttack Moorthy and Dubey 
(1931) estimated an yield reduction of 59% due to weeds in 
upland rainfed rice* In West Bengal Hukhopadhyay (1981) 
estimated a yield loss as high as 70 to 90% due to weed 
competition. In Tamil Nadu a yield reduction of 53% in 
direct seeded low land rice and 91% in upland rice under 
unchecked weed growth has been reported by All and Sankaran 
(1984a). Jayaerae (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 yields by 24% while grasses 
reduced yield by 86% 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 weeds.

Experiments conducted under AICRPWC indicated that 
Echinochloa infestation to an extent of 17% decreased the 
yield to about 50% (UAS, 1985) • Yield reduction of 40% in 
rice with 10 plants/m of Echinochloa sp. was reported by 
Gupta (1984). when the weed was allowed to compete for four 
weeks, Matthews (1986) concluded that yield reduction of



significant importance occurred when more than 1 weed/eg® 
ft* ie. approximately 11 weeds per sq. m was present. Dense 
weed infestation (more than 100 weeds/m ) by common rice 
weeds reduced yields by 7054 or more.

Prora the above literature it can be concluded that in 
dry sown rice, yield losses are very severe and uncontrolled 
weed competition may even result in complete failure of the 
crop*

2*2.4 Nutrient uptake.

2*2*4.1 Nutrient drain by weeds

Needs have larger requirement of nutrients and have 
higher mineral nutrient content than crop plants (Alkamper, 
1976 and Singh et al. 1986). Needs grow faster than crop 
plants and absorb the available nutrients earlier, thus 
depriving the supply of nutrients to the crop plants 
(Jeyakumar et al.. 1987)•

Many workers have estimated the competition for nutrients 
by weeds in rice, Kakati (1976) reported that the weeds ■ 
deprive the crop of nitrogen to the extent of 64% of the 
normal uptake* Jayakumar et &1, (1987) worked out the NPK 
removal by weeds as 31.05 kg Nj 10 kg P and 32.6 kg K per
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hectare. Nutrient removal In unweeded plot was nearly 
10 times more than the nutrient removal in chemical or 
manual weeding methods, According to Sankaran et ale
(1974), the uptake of nutrients by weeds 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 
control methods.

Swain (1967) reported serious competition for nitrogen 
and potassium in rice. According to Chakraborfchy (1973) 
competition for nitrogen was more during the first half of 
rice crop. He found higher N content in weed species than 
the crop at the vegetative, 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 It/ha (37,1 kg) than sedges and broad leaved 
weed (Mukhopadhyay et al,. 1972). Verma and Kani (1970) 
reported that unchecked weed growth depleted soil 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 H/ha in 
unweeded check compared to only 4.9 kg N/ha in hand weeded 
plot.
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Vorma and Mani (1970) reported that unweeded control 
depleted 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 weeded plot was 
only 0.54 kg/ha.

Maximum removal of K was also noted in unweeded check
65.3 kg/ha while in hand weeded, it was only 7.5 kg/ha 
(Sankaran et ̂ 1®, 1974)• Jayasree (1987) estimated that 
103.31 kg KgO/ha was removed by weeds in unweeded plot, 
while it was only 5.72 kg in hand weeded check.

2.2.4.2 Crop uptake

The uptake of nutrients by crop showed a reverse trend.

Sankaran et al. (1974) studied the nutrient uptake of 
rice crop and reported the NPK uptake by crop as 56.6, 19.4 
and 74.3 kg/ha respectively in unweeded plot and the corres­
ponding figure in hand weeded check was 102.5, 38.3 and
124.6 kg/ha. Jayasree (1987) from Kerala reported maximum 
uptake of UPK in hand weeded plot (180.5 kg M/ha, 20.7 kg 
P/ha and 239.1 kg K/ha) while in unweeded plot it was 55.7 
kg N/ha, 6.7 kg P/ha and 68.3 kg K/ha.
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2*3 Chemical Weed control In Dry sown Rice

2*3*1 Pre-emeraence herbicides■

Application of pre-emergence herbicides has a special 
significance in direct seeded dry sown rice since weeds 
and crop seedlings emerge simultaneously and herbicide 
treatment can eliminate weed competition.

A number of herbicides like butachlor# thiobencarb, 
oxyfluorfen, oxadlazon, pendimethalin, nitrogen, plperphos# 
dimetharoatryn etc. have been found effective for pre-emergence 
weed control in dry sown rice. Sankaran and De Datta (1985) 
have reviewed the work on the use of some of the above 
pre-emergence herbicides in upland rice.

2.3.1.1 . Butachlor

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

Pawan and Gill (1981) reported favourable effect of 
butachlor on yield attributing characters like plant height, 
number of fertile tillers# panicle length, number of
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spike let s/panicle and test weight. Good weed control and 
higher grain yield with pre-emergence herbicide butachlor 
has been reported by Tesie et al, (1980) and Singh and Dash 
(1986). in upland rice. Kennard (1973) used butachlor for 
control of grassy weeda in direct seeded rice. Control of 
sedges with butachlor in rice nursery was reported by Patel 
at al. (1985). Complete control of Cyperus »p. with butachloi 
was reported by Nair et el. (1974) and Moorthy and Manna 
(1984).

In green house trial© 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 al/ha was 
applied immediately after seeding. Olofintoye (1982) noted 
that# though the rate of butachlor between 0 to 3 kg ai/ha 
did not appreciably reduce the germination of rice seeds, 
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 conditions and quick degradation by 
soil microbes decreased its effectiveness.
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Moody <1979) 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# particularly in dry 
seeded rainfed rice# when ponding of water occurs on the 
surface of soil# phytotoxicity has been observed where the 
herbicide is applied pre-emergence in dry soil (Singh, 1985)• 
In the trials conducted at CRRI Cuttack, Chandrako and 
Manna (1981) has concluded that phytotoxicity of butachlor 
to germinating rice seeds is unavoidable if heavy rainfall 
occurs 4 to 5 days after sowing.

2•3•1•2 Thiobencarb

Thiobencarb# a pre-emergence end early post-emergence 
herbicide is used effectively against most annual 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, 1967t 
Tosh# 1911s Santos gt .gji.# 1903? KAU, 1984a? Singh and Singh# 
1985b and K&U# 1986b). Pillai and Ghosh (1980) found that
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both grasBy and dlcot weeds were controlled by thlobencarb 
application. Investigations conducted at Regional Agricult­
ural Research Station, Pattambi, Kerala, in direct sown rice, 
revealed that during both first and second crop seasons 
thiobencarb controlled the weeds most effectively (KAU,
1964a). Thiobencarb ® 1.5 kg ai/ha was found to be more 
effective during punja season where grasses and all other 
weeds were present (KAU, 1966a)•

Balyan (1982) reported that thiobencarb 2 kg/ha as 
pre-emergence in direct needed rice produced more or less 
equal grain yield as obtained under weed free condition.
The herbicide was significantly superior in reducing dry 
matter production of weeds, Bhen et jjl. (1985) reported 
the population and dry weight of weeds to be lowest in 
direct sown rice when 1-2 kg thiobencarb/ha was applied as 
pre-emergence. In an herbicide trial conducted at CIAT 
thlobencarb 3 kg/ha pre-emergence gave higher yield than 
butachlor at 2.7 kg/ha applied as pre-emergence (CIAT, 1981). 
Manipon et al. (1981) also reported higher yield with 
thiobencarb application due to increased tillering. They 
further stated that the time required for hand weeding 
could be reduced when herbicides were used. Sihgh & Singh,(1985a) 
reported that 1*6 kg thiobencarb as pre-emergence application
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was effective in minimising nitrogen depletion by weeds 
and maximising nitrogen uptake by the crop.

Pande (1982); Trivedi et al. (1986); Dwivedi (1987) 
and Tiweri et £l. (1987) reported effective control of 
Echinochloa sp. with thiobencarb. However, Colon et el. 
(1984) reported that thiobencarb was not effective against 
Cyperus iria. In the trials under the AICRPWC at Jabalpur 
(JNWK, 1987) also poor control of Cyperus irla in thioben­
carb applied plots was noticed. Tivari et jgiX* (1987) also 
reported the inefficiency of thiobencarb to control sedges 
and dlcots.

As in the case of butachlor Moorthy and Manna (1982) 
reported toxicity of thiobencarb to rice seedlings, when 
rain occurred immediately after application of thiobencarb.

2.3*2 Post-emeroence herbicide.

2.3.2.1 Propanil

Propanil is a selective post-emergence, contact 
herbicide that controls many annual grasses. It is effective 
against some broad leaved weeds and sedges also, if these 
plants have emerged and are in the seedling stage at the 
time of application.
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Manna and Dubey (1972); Thiaaaralan et al. (1974) and 
Lasso and Parlomino (1982) have reported effective control 
of weeds and increase in grain yield by the application of 
propanil. Experiments conducted at B&tangas (IRRI, 1977) 
observed good control of weeds and high yield® with propanil. 
Effective control of grasses, broad leaved weeds and parti­
cularly sedges with propanil was also reported by Singh et al. 
(1966). Kaushik et al. (1973) and Hair et al. (1974) have 
reported effective control of Echinochloa sp. and Cyperus sp. 
by the use of propanil resulting in higher yield of rica.

Effectiveness of post-emergence application of propanil 
at 1 to 4 leaf stage, regardless of the stage of crop, was 
reported by Smith (1965). Sham® and Bison (1985) observed 
that 1*5 to 2 kg propanil/ha was quite promising as single 
herbicide. Singh and Dash (1964) found that propanil 6 3 kg/ 
ha post-emergence was very effective in decreasing weed 
population, weed dry weight and weed nitrogen uptake.
Mukhopadhyay and Bag (1967) observed increase in plant height

/when propanil was applied at 4 weeks and yield of grain when 
propanil was applied at 2 and 4 weeks after planting. This 
was due 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 especially for grass weed control# 
However, in the experiments conducted at XRRI, propanil 
alone failed to control weeds even whan applied at 3-5 leaf 
stage of the weed (IRRX, 1981a). According to Babiker (1982) 
post-emergence application of propanil alone could give 
poor control of grasses, cventhough it had no adverse effect 
on crop stand. Moody (1977a) has also stated that propanil 
applied once as post-emergence was not satisfactory for weed 
control in upland rice*

2.3.3 Residual action of herbicides.

Beetman and Darning (1974) observed that butachlor had a 
short soil half life and that microbial decomposition waa th© 
major avenue of dissipation. Half life of butachlor was 
reported to be between 9 to 18 days (Kulshrestha et al.. 
1981), 17,75 days (THAU, 1987). When weather was hot and 
clear, rapid degradation of butachlor occured (Chen and Chen, 
1979 and Maxima et al.. 1986). The half life of thiobencarb 
was 2-3 weeks under aerobic conditions and 6-8 months under 
anaerobic condition (WSSa , 1983) • Experiments on herbicide 
residue studies in rice conducted in Tamil Nadu Agricultural 
University observed that thiobencarb had a half life of
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19.07 days (TNAU* 1987) • Half life of propanil ranged 
between 5*9 days and did not persist for more than 26 days 
in the soli (Kulshreatha et al.. 1981). Smith (1984) in 
his soil persistence studies with propanil* found that over 
95% of the applied propanil was degraded within seven days. 
Average persistence at recommended rates (3.86 to 6.7 kg/ha) 
in rice is reported to be one to three days under warm* moist 
conditions (WSSA* 1983)•

2.3.4 Herbicide combinations and sequential application.

Herbicide combinations can be applied at pre-emergence 
or soon after emergence and can be sequentially continued to 
provide good weed control and produced yields equivalent to 
those obtained from hand weeding (IRRI* 1983b). Manna and 
Moorthy (1984) reported that* in upland rice* combined use 
of herbicides controlled weeds effectively.

In Philippines* single application of a pre—emergence 
herbicide did not give sustained weed control but when 
followed by post~emergenca herbicide* recorded batter yield 
(IRRI, 1981b). Singh (1985) also reported that the use of 
pre-emergence herbicide kept the crop competition free only 
during initial and crucial stag© but failed to provide 
season-long protection and, to get season-long control, a
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post-emergence application was needed• Similarly* single 
application of propanil aione was not sufficient for good 
weed control and had to be repeated twice to get yields on 
par with hand weeding (Mufchopadhyay and Bag* 1967)»

Experiments conducted at IRRI (IRRI* 1980) showed 
sustained weed control and maximum yields when pre-emergence 
herbicides were followed by hand weeding* Similar results 
have been reported by Ahmed and Moody (1982). Sudhakara and 
Hair (1986), DashmuKh et al« (1987) found that economic weed 
control in direct sown rice can be achieved with application 
of thiobencarb followed by a manual weeding at 30 DAS.
Balyan (1982) observed that thiobencarb in combination with 
hand weeding at 45 DAS was significantly superior in reducing 
dry matter production of weeds and in increasing grain yield* 
Manna and Moorthy (1902) reported that in upland rice* 
butachlor and thiobencarb, supplemented with one hand weeding* 
increased grain yield by 20-45%. Higher yields was obtained 
when butachlor (Singh and Dash* 1986) or thiobencarb (Singh 
and Singh* 1985b) was followed by a hand weeding*

Singh et al* (1973) reported that pre-emergenca treat­
ment of rice with butachlor followed by late post-emergence 
weed control with propanil 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 applicat­
ion* According to Sharma and Bisen (19BS) thiobencarb and 
propanil applied 10 and 14 BAS rice respectively was the 
most effective herbicide combination which gave excellent 
control of most of the weeds and Increased paddy yields*,

Studies in effective combination and concentration of 
herbicides showed that early post-emergence application of 
butachlor or thiobencarb, in combination with propanil, 
resulted in effective residual weed control and higher grain 
yield (Dusky, 1984)• Sankaran and Da Datta (1985) also 
obtained yields comparable to hand weeding by the use of 
herbicide Combinations • Trials conducted by and at XRRX 
(XRRX, i960) showed that propanil, in combination with 
butachlor, gave excellent weed control* Yaraane et al.
(1975)7 All and Sankaran (1984b) and Singh and Singh (1985a) 
recorded highest yield with thlobencarb and propanil 
combination. Experiment conducted at XRRX Indicated that 
sequential and tank mixtures of pre-emergence butachlor with 
propanil ceduce&veed dry weight ‘ by 89% end increased leaf 
area, panicle number and grain filling which led to high
yields (XRRX, 1984) • The total dry weight of weeds had a

*

strong negative relationship with grain yield indicating
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that effective weed control is necessary for high yields 
in upland rice. Similar results have been reported by 
Singh and Singh (1965a) and Singh et gl* (1966). Pawan 
and Gill (1982) reported the bioefficiency of thiobencarb 
was improved when applied as tank mix with propanil atr

2-3 leaf stage of the weed. Higher grain yields were 
obtained with combination of thiobencarb and propanil 
applied 16 DAS ( A l i  and sankaran, 1984b). .Studies conducted 
at IITA (IITa, 1983) resulted in good weed control with 
propanil and thiobencarb combination applied as post- 
emergence.

Prom the above review it can be concluded that 
pre-emergence herbicides have short residual life and hence 
are effective only for one month and hence a repeated 
application of a pre-emergence herbicide at the stage 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 effective to give 
season long control* The review also shows better control 
of weeds with pre-emergence and post-emergence combination 
applied 15-20 DAS.
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3 . MATERIALS AND METHODS

During the VAripnu season of 1987, a field study was 
conducted to evaluate the efficiency of repeated application 
of pro-emergence herbicides as well as combined application 
of a pre-emergence and post-emergence at early post-emergence 
stage of rice so as to develop a cheaper and efficient herbi­
cide sequence 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 Soil

The field experiment was conducted during the viruppu 
(1st crop season) of 1987 ie. from June to September at 
Agricultural Research station, Mannuthy of the Kerala Agri­
cultural University, Vellanifckara, Kerala. This research 
station is located at 12° 32* N latitude, and 74° 20’ E 
longitude at an altitude of 22,5 m above MSL and enjoys a 
typical tropical climate.

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



Table 1. Mean weekly weather parameters for the crop periods May - September, 1987 
Standard week Temperature(°C) Relative Total Number of

.. Max Min
humidity

(%)
rainfall(mm)

brightsunshine hrs.

22 May 28 - June 3 34,7 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 84.5 164.0 3.7
27 July 2 ~ July 8 29.9 23.0 83.5 125.7 2.4
28 July 9 - July 15 29.7 23.6 85.0 133.7 4.2
29 July 16 - July 22 30.7 23.8 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.© 82.0 20.6 6.7
32 August 6 - August 12 30.7 23.3 84.0 41.5 4.4
33 August 13 - August 19 28.7 23.4 89.0 122.6 1.5
34 August 20 - August 26 29.1 23.3 89.5 179.9 2.2
35 August 27 — September 2 30.1 24.2 @3.2 25.3 6.7
36 September 3 — September 9 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
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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 is a double cropped vet land 
and was under bulk crop of paddy for the last two years.

3.2 Treatments

The treatments were so selected to have an understand­
ing of the relative efficiency in the application of 
butachlor and thiobencarb at sowing and repeated at 20 or 
30 days with that of (a) single application at sowing alone
(b) single basal application followed either by hand weeding 
or post ©mergence application of propanil# or (c) a combined 
application of butachlor or thiobencarb with propanil at 
early post emergence stage.

There were IS treatments as detailed below e

Treatment Abbreviation given
1. Vnweeded control U.W,
2. Hand weeding (3 hand weedlngs at 21# H.W,

40 and 55 days after sowing)
3. Thiobencarb @ 1.5 kg/ha at sowing To
4. Thiobencarb @1.5 kg/ha at sowing + To + 20

Thiobencarb @ 1.5  kg/ha 20 das
5. Thiobencarb @ 1.5 kg/ha at sowing + To + 30

Thiobencarb @1.5 kg/ha 30 DAS



Table 2. Physical and chemical nature of soil of the experimental field 
Particulars Value

A. Physical characters
\

Mechanical composition
Comrsa sand {%) 27*2
Pine sand {%) 23.8
S i l t  (&) 22.6
C la y  (%) 26.4

Bulk density 1.52
B. Chemical composition

Organic carbon (%) 0.661

Total N (%) 0.138

Available P (Kg/ha) 32.06

Available K (Kg/ha) 172.08

pH 5.84

Method, employed

Robinsons international Pipette Method 
(Piper, 1942)

Core Sampler Method (Piper, 1942)

Wglldey and Black Method (Soil Survey 
Staff, 1967)
Semi Micro-Kjeldahl Method (Soil Survey 
Staff, 1967)
Bray I extractant, Itolybdophosphoric 
acid method (Jackson, 1958)
Neutral normal ammonium acetate extract, 
flame photometry (Jackson, 1958)
1 c 2.5 soil-water suspension, using a 
pH meter (Jackson, 1958)



6, Thiobencarb @ 1.5 kg/ha at sowing + 
Propanil @ 1*75 kg/ha 30 DAS

To + P 30

7. Thiobencarb @1.5 kg/ha at sowing 
1 HW at 40 DAS

To + H.W.

8. Thiobencarb @ 1.5 kg/ha + Propanil 
1.75 kg/ha (tank mix) 15 DaS T + P 15

9. Butachlor @ 1.5 kg/ha at sowing Bo
10. Butachlor @1.5 kg/ha at 3owing + 

Butachlor @1.5 kg/ha 20 DAS
Bo + 20

11. Butachlor @ 1.5 kg/ha at sowing + 
Butachlor @ 1.5 kg/ha 30 DAS

Bo 4* 30

12. Butachlor @ 1.5 kg/ha at sowing + 
Propanil @ 1.75 kg/ha 30 DAS

Bo + P 30

13. Butachlor @1.5 kg/ha at sowing + 
1 HW at 40 DAS

Bo 4- H.W.

14. Butachlor @1.5 kg/ha + Propanil 
1.75 kg/ha (tank mix) 15 das B + P 15

15. Propanil alone @ 1.75 kg/ha 15 DAS P 15

3*3 Design and Layout

X* Design e Randomised Block Design
2. Replication # 3
3. Plot size

pi) Gross plot size i 5 m x 6 m * 30 m
ii) Border i 0*5 m on all sides

lii) Sampling area * One metre strip along the 5
side Inside the border area

iv) Net plot size s 4 m x 4 m * 16 m

The layout of the trial is given in Pig. 2,
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3.3.1 Herbicides.

The details of herbicide* used are given below*

Herbicide Commercial formulation Manufacturer Active
used ingred­

ient

Thlobencarb Saturn 50 SC Pesticides India 50/4
Limited

Butachlor NOCIL Butachlor 50 SC Pest Control Co. 5054
Propanil Stam F»34 Xndofil Chemicals 35%

The technical details of the above chemicals are 
furnished in Appendix-I.

3.3.2 Method of application.

The herbicides as per treatment© were sprayed uniformly 
with a knapsack sprayer fitted with a flat fan nozzle. 
Quantity of spray fluid used was 500 1/ha.

3*4 Variety

Rice variety 'Jyothi* was used for the study. This 
variety with a duration of 100 to 125 days has red, long and 
bold grains. This is moderately tolerant to brown plant 
hopper and blast and is susceptible to sheath blight.
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3.5 Field Culture

The crop was sown on June 1st 1987# The cultivation 
practices recomended for 'Jyothi* by the Kerala Agricult­
ural University (KAU, 1986) were followed. The seeds were 
dibbled at a spacing of 15 ®  x 10 cm. There was no serious 
incidence of diseases or pests except for rice bug attach 
at milk stage, which was controlled by spraying Malathion 
G,l%. All the cultural operations except weed control were 
followed as per KAU package of practices recommendations.
Weed control as par 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 
field.

3.6 Observations

3,6.1 Observations on weeds*

The observations on weeds were taken in duplicate from 
the sampling area using a 50 cm x 50 cm (0.25 m ) iron 
quadrat. The following observations were recorded,

(a) Weed count -

The weed count from the sampling unit in each plot was
2made species wise and recorded as number/m • The observation
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was taken at 30, 40, 50 and 60 days after sowing and at 
harvest• Separate analysis was done for count of major 
weeds as wall as for total grass, sedge and broad leaved 
weed and total weed population^

(b) Dry matter production

The weeds from the sampling area in each plot were 
uprooted, dried in a hot air oven and the weed dry weight 
recorded in g/m** at 30, 40, 50 and 60 days after sowing 
and at harvest.

(e) Weed control efficiency

The weed control efficiency of the different treatments 
were calculated using the formula

Weed control efficiency (%) » y-" x 100

where X m Dry matter production of weeds in unweaded chec 
Y * Dry matter production of weed® in the treatment

3.6.2 Observations on the crop.

(a) Phytotoxicity

The rice seedlings were observed for any phyfcotoxlcity 
symptoms like scorching, retarded growth etc. due to 
herbicide application.
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{b) Crop grov/th characters

(i) Dry matter production
2From 0,25 m area using the sampling quadrat# crop 

samples were also taken# oven dried and the dry matter 
production recorded in g/m . The observations were taken 
at 30, 40, 50 and 60 days after sowing and at harvest,

(ii) Height

The plant height in centimeters was recorded on the 
day of harvest, The height was measured from the bottom 
of the culm to the tip of the longest leaf or tip of ear 
head# whichever was the tallest.

(ill) Number of tillers

The total number of tillers ware counted from ten ' 
hills and th© average expressed as number of tillers per 
hill.

(e) Yield attributes

(i) Productive tillers

The number of productive tillers were counted from ten 
hills and their average expressed as number of productive 
tillers per hill.



43

(11) Length of panicle

The length of panicle was measured from the neck to 
the tip of the panicle and recorded in centimeters*

(ill) Number of grains per panicle

The number of grains in each panicle was recorded.

(lv) Thousand grain weight

One thousand grains were counted from the cleaned 
produce from each plot and the weight recorded in grams*

(d) Yield

(i) Grain y.

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

(ii) Straw yield

The straw from each 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 » 2L.|T-J£ x  ioo

where X ® Yield obtained from no weed plot (Hand weeded plot) 
Y * Yield from the treatment

3.7 Chemical Analysis

The weed plants and crop plants collected from the 
sampling area ware dried separately in a hot air oven to 
constant weight# powdered well in Wiley mill and analysed 
for nitrogen, phosphorus and potassium contents.

The methods used for analysis were#

1. Nitrogen # Nessler*s Reagent Method (A.O.A.C. i960)
using Spectronic 20 Spectrometer

2. Phosphorus # Vanadomolybdophosphoric yellow colour
method using Spectronic 20 Spectrometer 
(Jackson, 1958)

3. Potassium : Diacid extract method using flame
photometer (Jackson, 1958)

The crop and weed samples were analysed for H, P and 
K contents at 30, 40, 50 and 60 days after sowing and at 
harvest. At harvest stage the analysis for grain 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 crop.

3.0 Statistical Analysis

The data recorded for different characters were 
compiled# tabulated and analysed by applying the analysis 
of variance technique (Panse and Sukhatrce, 1978). Where 
ever the 'F' tests were significant, appropriate critical 
difference (CO) were calculated to test the significance of 
treatment differences. Coefficient of correlation between 
the important characters were also worked out.

Analysis of variance for the data on weed population 
woe carried out after square root (Jx +~1) transformation.
In the analysis of variance for the data on individual weed 
population# the treatments having the same values for all 
the three replications were cot included.

3.9 Economics

The net return per rupee invested under different 
treatments were computed in the basis of prevailing labour 
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 DISCUSSTON

The results of the experiment conducted in dry sown 
rice are presented and discussed in this chapter under the 
following headst

4.1 Studies on weeds
4.1.1 Weed spectrum
4.1.2 Weed population
4.1.3 Dry matter production by weeds
4.1.4 Weed control efficiency 
4.2 Observations on the crop
4.2.1 Phytotoxicity
4.2.2 Crop growth characters
4.2.3 Yield attributes
4.2.4 Yield
4.2.5 Weed index
4.3 Nutrient uptake studies
4.3.1 Nutrient drain by weeds
4.3.2 Nutrient uptake by crop
4.4 Economics of different treatments
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4.1 Studies on Weeds

4.1.X Weed spectrum

The weed flora in the experimental field comprised 
mainly of grass weeds like Isachne millacaa# Echlnochloa 
colona and Saccoleppls interrupts and sedge Cvoarus lria. 
Broad leaved weeds were lesser in intensity and among them 
the main ones were Ludiwlqia Parviflora and Ammanla 
baccifera. The list of weeds observed in the field are 
presented in Appendix*,11.

Grasses constituted the major proportion of the weed 
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 
Cyperuo sp is 80 to 90 days. Trivadi et £l. (1985) have 
reported that Cyperus irla completed its life cycle before 
the harvest stage of paddy. Grass and broad leaved weed, 
count also slightly declined towards harvest. The above 
observations are in accordance 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 Weed population.

4.1.2.1 Grasses

(a) Isachne miliacea

Effect of weed control treatments on the population 
of Xsachne miliacea is presented in Table 3.

The weed control treatments significantly reduced the 
population of Xsachne compared unvaeded control. Even 
though propanil application at 15 days, either alone or in 
combination with butachlor, could reduce the Xsachne popul­
ation significantly, it had higher Xsachne count than the 
other herbicide treatments. Combination of propanil with 
thlobencarb at 15 days was better than its combination with 
butachlor and the differences were significant at moat of 
the stages.

At 30 days ell the treatments involving application 
of thlobencarb immediately after sowing (whether or not 
combined with hand weeding, propanil or repeated applicat­
ion at 20 or .30 days) were statistically on par except



JTable 3. Effect of treatments on the population of Isachne miliacea (plants/m )
Stages

Treatments

1 oi in

l-l DAS. 40 DAS 50 das 60 DAS Harvest
T 0 T 0 T 0 T 0 " t 0

To 5.66 31.04 5.38 27.94 10.45 t 108.2 9.76 94,. 26 9.17 . 83.09
To + 20 2.66 7.18 3.92 14.37 4.41. 18.45 3.73 12.91 2.69 . 62.36
To + 30 5.66 31.04 3.45 10.9 4.71 . 21.18 4.66 . 20.72 4.26 17.15
To + P 30 5.5 29.25 3.18 , 9.11 4.85 22.52 " 4.90 23.01 4.32 17.66
To + H.W 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 6.34 39.2 11.90 140.6 12.05 144.2 12.54 156.25 10.9 117.81
Bo + 30 8.04 63.64 12.36 164.38 13.77 188.61 12.22 148.33 16.53 272.24
Bo + P 30 7.98 62.68 12.51 155.5 11.87 139.9 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 24.61 604.65 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 IS 13.24 174.3 22.72 515.2 25.68 658.46 20.86 434.14 23.3 541.89
H.W 3.40 10.56' 5.75 32.06 2.75 6.56 — - 4.52 19.43
u.w 20.61 432.06 49.95 2494.00 46.66 2176.16 45.63 2081.1 41.89 1753.77
SEjn+ 1.047 3.363 4.279 2.914 3.735
CD (0.05) 3.031 9.74 12.393 8.473 10.818

T m J x + 1  Transformed value 0 » Re-transformed original value

4
ĈO
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T 15 + P 15. Hand weeding was on par with the thlobencarb 
treatments.

At 40 days after sowing To + P 30 recorded least count 
of Isachne and all the treatments Involving thlobencarb 
except T 15 + P 15 were on par with this treatment* Among 
the butachlor treatments# application of butachlor at zero 
days followed by repeated 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 weeded plot recorded zero count of 
Isachne because the last hand weeding was given at 55th day. 
At this stage also all the treatments involving thlobencarb 
except To and T 15 + P 15 recorded lower Isachne count# on 
par with hand 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 thlobencarb 
herbicide treatments and their combinations except Bo + 30#
Bo and the plot where propanil was applied at 15 days either 
alone or as a tank mix with the pre-emergence herbicides 
recorded weed count on par with T© + 20.
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The result shows that thiobencarb was very efficient 
in controlling Isaehne. In the combination treatments 
secondary germination of weed® were also controlled thereby 
resulting in values on par with hand weeded plot* Applicat­
ion of propanil at 15 days either alone or in combination 
with butachlor was not very effective as weeds had already 
germinated by 15 days and complete control could not be 
achieved by post-emergence herbicide propanil*

(b) Saccoleppls interrupts

Effect of weed control treatments on the population 
of Saccoleppls Interrupts is presented in Table 4*

The unweeded check recorded the maximum count of this 
weed at all stages of the crop growth* Among the thiobencarb 
treatments To 4- 20 and To + H.W recorded lower Saccoleppls 
population at all stages* The treatments To + 30 and To + P 30 
were on par with these two treatments at all stages eventhough 
they recorded higher Saccoleppls count. Among the treatments 
involving thiobencarb application at zero days To recorded 
higher Saccoleppls interrupts count and this effect wa® 
significant at 40 days and at harvest stage.

Butachlor treatments recorded lesser count of this weed 
and among them highest values were recorded by B 15 + P 15



Table 4. . Effect of treatments on the population of Saccoleppls Interrupta (plants/m >
Stages

Treatments 30 DAS 40 DAS 50 DAS 60 DAS Harvest
T 0 T 0 T 0 T 0 1 S K

)
i • 1 t 1 1 o

 
1 1 1

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 2.71 6.34 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 li.82 2.08 '3.33 4.07 15.56 4.49 19.16 5.79 32.52
To 4* H.W 1.41 0.99 3.94 14.52 1.41 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 i7.49 6.4 39.96 7.68 57.98 7.71 58.44
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 3.3 13.44 5.87 33.46 1.41 0.99 3.58 11.82 5.24 26.46
P 15 6.08 35.97 8.06 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
U.W 7.21 50.99 9.34 86.24 11.56 132.63 16.03 255.96 18.78 351.68
SEtn+ 0.773 1.071 0.951 2.302 1.766
CD (0.05) 2.24 3.103 2.753 6.667 5.113

T m jx + 1 Transformed value Re-transformed original value

CJlro
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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 control of Saccoleppls with that of 
thiobencarb, at most of the stages.

The result on Saccoleppls interrupts population showed 
almost the same trend as that of Isaehne millacea and might 
be due to the reason already discussed.

(c) Bohinochloa colona

Table 5 presents the data on the population of 
Echlnoohloa colona under different weed control treatments at 
various stages of the crop.

Complete control of this weed was noted wherein thio­
bencarb was applied at aero 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 
thiobencarb applied at the day of sowing alone (To) also 
recorded complete control of Echinochloa colona. The unweeded 
control recorded maximum count of this weed at all stages of 
the crop growth. Propanil applied at 15 days either alone 
or as tanb mix with butachlor recorded higher count of this 
weed at most stages of the crop.



Stages

2Table 5. Effect of treatments on the population of Echlnochloa colona (plants/m )

Treatments ___30 PAS 40 DAS___ 50 DAS 60 PAS Harvest’
T 0 0 T 0 T 0 T 0

To -V - - - - 2.08 3.33 2.54 5.45
To + 20 - - , “ “ — 4H — —
To 30 - _ — - ~ —
To + P 30 —- - - , - — — — —
To + H.W - - - - - - - - —
Bo 2.87 7.24 . 6.H, -;.i9 5.61 30.47 7.24 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
P 15 7.51 55.4 8.27 67.39 7.31 52.44 8.83 76.97 8.43 70.06
T I S * P 15- 2.49 5.2 4.12 15.97 S.08 24.81 5.153 . 30.14 5.16 25.63
B 15 + P 15, 6.15 36 .82 7.59 56.61 5.35 27.62 6.33 . 39.7 6.18 37.19
H.W 1.67 1.7® 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
SEkv+ 0.832 1.531 1.647 0.749 0.974
CD (0.05) 2.472 4.55 . 4.995 2.209 2.874

-, t— j- — |— t~ |-1- - i —ê T— , t - - ,---„---n---- -------
T * J x + 1 transformed value 0 «* Re-transformed original value

CM
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At 30 days minimum count of Echinochloa 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 t P 15. Almost similar trend 
was noted in all the subsequent stages.

The result clearly shows the effectiveness of thioben­
carb for controlling Echinochloa colona the most troublesome

£

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 previous study Jayasree (1987) has also reported 
complete control of Echinochloa colona upto 60 days stage* 
when thiobencarb 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* either chemical or manual methods* for 
higher yields.

(d) Total grass weed population

Effect of treatments on the population of grass weed 
at different stages of observation are presented in Table 6.



Stages

2Table 6. Effect of treatments on the total grass weed population (plants/m )

Treatments 30 DAS 40 DAS 50 DAS 60 DAS Harvest
———————— — ----------- —— - - - - - - -  ———————

T 0 T 0 T 0 T 0 T 0
— ------------- ■---------- ------------------— — — — ---------- ----------— ------------------------------------------------ ------------------ — ------------ -— ------------------------ -------------------— - —

To 6 a 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 16.62 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 + H.W 5.71 31.6 7.25 51.56 2.75 6.56 3.37 10.36 8.79 76.26
Bo 9,01 80.18 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 25.3 639.09 28.10 788.6 26.07 678.64 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
o . w 22.95 525.7 51.83 2685.35 50.1 2509.01 45.63 2081.1 47.54 2259.05
SEia+
CD (0.05)

1.051
3.044

2.824
8.178

3.872 2.229 
11.216 6.455

3.379
9.788

T * j x + 1 transformed value 0 ■ Re-transformed original value CJTcn



All the weed control treatments significantly reduced 
the grass weed population compared to unweeded control. In 
general, thlobencarb treatments were significantly better 
than the corresponding 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 considerable reduction in 
gross weed population when the single pre-emergence applicat­
ion was combined with a repeated application, propanil or 
hand weeding. Among these combinations To + 20 recorded the 
least grass weed count at all stages except at 50 and 60 days 
after sowing wherein To +H,W and hand weeded plot recorded 
the least grass count respectively. However, there was no 
significant difference between To + 20; To + 30; 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 butachlor or thlobencarb could not result in satisfactory 
control of grass weeds.

The result shows that thlobencarb was very efficient 
in controlling grass weed population. However, butachlor 
does not show much promise for grass weed control. 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 thloben­
carb over butachlor in all the cases, hence the seme result 
is reflected in the total grass weed population also.

It is also clear, as already discussed that single 
basal application of the pre-emergence herbicide is not suffi­
cient to bring about reasonable weed control during the crop 
period* It is necessary to augment the basal pre-emergence 
treatment with hand weeding or a subsequent application of 
propanil or the same pre-emergence herbicide. 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 days and at harvest are presented in 
Table 7.

The unweeded checlt recorded significantly higher count 
of this weed than other treatments at almost all stages of



Treatments Stages
Table 7. Effect of treatments on the population of Cyperus iria (Plants/m )

30 das 40 DAS 50 DAS 60 DAS Harvest
T 0 T 0 T 0 T 0 1 T 0

To 8.48 70.91 8.13 65.1 8.42 . 69.9 7.81 . 60.0 2.75 6.56
To + 20 7.17 50.41 4.24 16.98 3.27 9.69 3.15 8.92 1.41 0.99
To + 30 8.64 73.65 5.01 . 24.1 4.99 23.9 3.61 . 12.03 1.82 2.31
To + P 30 8.46 70.57 4.46 . 18.39 4.72 21.28 4.44 18.71 1.67 1.79
To + H.W 8.73 75.21 7.98 62.68 1.67 1.79 2.08 3.33 1.67 1.79
So - - 2.46 5.05 , 3.4 . 10.56 2.91 7.47 . - -
Bo + 20 - - - - - - - - - - —

Bo + 30 - - - - 1.41 0.99 1.41 0.99 ■ - -

Bo + P 30 - - 1.82 2.31 1.82 2.31 1.67 1.79 - -
Bo + H.W - - 3.08 , 8.49 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 7.52 55.55 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
SEm+ 1.029 1.039 1.488 0.535 0.565
CD (0.05) 3.058 3.034 4.326 1.563 1.666

T * Jx + T transformed value Re-transformed original value
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the crop growth. Complete control of Cyparus Irla through 
out the crop growth was obtained in Bo + 20* All the other 
butachlor treatments except B 15 + P IS also brought in 
significant reduction in the population of Cyperus iris.
Even though thiobencarb controlled Cyperus lria to a certain 
extent# this effect was inferior to that of butachlor in 
general* Except at 50 days the population of C. irla was 
significantly higher in the treatments where propanil was 
applied at 15 days# even though they too had lower counts 
than the unweeded checb.

At all stages of observation# butachlor treatments 
(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 stages.

The count of sedges towards harvest declined because 
the sedge flowered and completed its life cycle earlier than 
the crop# as already discussed under weed spectrum.

From the above observations 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 already been 
reported by Moorthy and Manna (1984) and Nair et al. (1974).
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Poor control of Cyperus Irla with thiobencarb has also 
been reported by Jayasree (1987)* The result suggests that 
in a field 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 weeds

Table 8 present® the data on the total broad leaved 
weed population in the experimental field as affected by 
the different weed control treatments.

The broad leaved weed emergence was noted in the 
experimental field only after 30 days. Propanil application 
at 15 days either alone or as tank mix with thiobencarb or 
butachlor was effective in controlling broad leaved weed© 
in general though P 15 and T 15 + P 15 showed higher populat-

r

ion of broad leaved weeds towards harvest* The low count of 
broad leaved weeds in unweeded control may be due to the 
high population of tall sedges and grasses in these plots

i
which have resulted in severe competition for light and 
thus prevented 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 initial stages To 4- P 30 and Bo + P 30



Table 8. Effect of treatments on total broad leaved weeds (plants/m ) 
T Stages

- 40 DAS 50 DAS 60 DaS Harvest

2

T 0 T 0 T 0 T 0
To- 8.57 72.44 9.85 96.02 13.37 177.76 10.81 115.86
To + 20 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

0 + 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 6.34 5.9 33.81 7.72 58.60
Bo 7.9 61.41 10.75 114.56 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 + H.W ' - 9.34 36.24 2,19 3.6 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
u.w 6.37 39.58 7.95 62.2 - - 4.82 22.23
SEcvf 1.624 2.12 1.914 2.012
CD (0.05) 5.303 6.141 5.588 5.85

T m Jx + 1 transformed value 0 ®Re-transformed' original value
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was found to be efficient In controlling broad leaved, 
weeds, probably due to the effect of propanil. From the 
above result it can be concluded that combined application 
of propanil 0:V v- with butachlor was better in controlling 
broad leaved weeds than the other treatments, however the 
differences between the treatments were not generally signi­
ficant to draw any definite conclusions,

4,1,2.4 Total weed population

The effect of different treatments on the total weed 
population Is presented In Table 9.

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

At 30 days all the butachlor involving treatments 
whether applied alon© or repeated after 20 or 30 days or 
in combination with propanil at 30 days or a hand weeding 
at 40 days and To + 20 recorded weed count on par with



Table 9. Effect of treatments on the total weed population (plants/m )
stages

Treatments 30 DAS 40 DAS 50i DAS 60 DAS Harvest
T 0 T 0 T 0 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 9.69 92.9 11.59 133.33 8.42 69.9
To + 30 10.57 110.72 9.56 90.39 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 15.46 238.01 13.73 187.5
To + H.W 10.50 109.25 14.47 208.38 4.71 21.18 10.25 104.06 12.36 151.77
Bo 9.01 @0.18 21.68 469.02 26.70 711.89 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 + 30 9.17 83.09 16.54 272.57 22.68 513.38 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 + H.W 8.95 79.1 14.67 214.21 4.56 19.79 11.73 136.59 13.09 170.35
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 13.98 194.44 18*48 , 340. 51 22.41 ; 501.21 24.92 620.0 24.84 616.03
B 15 + P 15 18.35 335.72 27.2 738.84 31.23 974.31 27.47 753.6 28.85 831.32
H.W 6.13 36.58 10.42 107.58 S. 20 26.04 2.45 5.0 7.68 57.98
U.W 20.11 789.17 55.24 3050.16 53.48 2860.11 47.16 2223.07 48.19 2321.28
SEm+ 1.072 t 2.417 3.294 2.877 3.253
CD <0.05> 3.105 6.999 9.540 8.332 9.421

T m Jx + 1 transformed value H m Retransforrned original value
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hand weeded plot. However the plots where thiobencarb
was applied either alone or repeated after 20 or 30 days

(

or in combination with propanil or a hand weeding did not 
differ significantly with Bo + 20 which recorded the least 
count of weeds among butachlor treatments.t

At 40 days To + 20 recorded the least count of weeds 
the treatment To + 30? To + P 30? To + H.W?
Bo + 20? Bo + P 30 and Bo + H.W were on par with this.

At 50 days all the treatments involving a hand 
weeding recorded the least count of weeds evidently due to 
the effect of hand weeding given at 40 days, the treatments 
wherein thiobencarb was applied at zero days and repeated 
at 20 or 30 days or in combination with propanil was on par 
with Bo + H.W. Single application of butachlor alone at 
zero 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

i



applications or combination with propanil or hand weedings 
given at 40 days. Propanil application at 15 days either 
alone or as tank mix with butachlor or thiobencarb was not 
effective for the control of weeds even though they record­
ed significantly lesser weed population than the unweeded 
control.

At harvest except Bo + 30 all the treatments where 
the pre-emergence application of thiobencarb or butachlor 
was repeated or combined with 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 sections 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). When the total weed population is analysed 
these two effects get averaged out and hence both the 
chemicals were showing almost the same results.

4.1.3 Dry matter production bv weeds

The effect of different treatments on the weed dry 
matter production, at different stages of the crop is 
presented in Table 10 and in Pig. 3. the effect of



zTable 10. Effect of treatments on. the dry. matter production by weeds (g/m )

Treatments
Stages

30 DAS . .40 DAS 50 m s 60 DAS
T 0 T ' ' 0 T 0 T 0 • 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 U24 0,54 2.69 6.24 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* 2.83 7.29 3,68 12.54 3.67 12.47 6.30 38.69 4.56 19.79
To + H.W 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 54.2 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 26.38 8.73. 75.21 9.43 . 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. 2.08 7.29. 4.66 20.72
P 15 5.31 27.2 7.94 62.04 10.53 109,88 14.43 207.22 14.98 i 223.43
T 15 + P 15 3.66 12.4 7.19 50.7 6.06 35.72 10,93 118.46 12.80 162.84
B 15 + P 15 4.49 19.16 7.67 57.83 9.64 91.93 13,72 187.24 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
u.w 6.93 47.02 14.09 197.53 16.14 i259,5 18.51 341.62 18.59 344.59
SEm+ 0.383 0.668 0.978 1.515 1.379
CD (0.05) 1.11 1.933 2.833 4.387 3.994

Harvest

T m  J x + 1 transformed value Re-transformed original value
cn
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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 significantly 
lower weed dry matter than the unweeded check. In general, 
the treatments involving application of thiobencarb were 
better 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 combination with thiobencarb 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 weeded check recorded least dry 
matter and unweeded check the maximum. All the herbicide 
treatments produced significantly leaser weed dry matter 
production than unweeded cheek. The second application of 
thiobencarb at 20 or 30 days could reduce the weed growth, 
and this effect was statistically significant for To + 20 
treatment. In the case of butachlor, significant reduct­
ion in weed growth could be obtained jtfhen 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 + H.W) 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 treatments, indicating that second application of 
any of these herbicides could reduce the weed growth to a 
great extent. At this stage also the effect of propanil 
was not very promising even though the tank mix application 
of propanil with thiobencarb 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
ion to a level statistically 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 application 
of the herbicides and this effect was significant in Bo + 20 
which recorded dry matter statistically on par with hand 
weeded plot. A single application of propanil at 15 DAS 
could not ©ffect any significant reduction in weed dry 
matter production at this stage ©Iso. However, when it was 
combined with thiobencarb 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 matter at this stage also* The result shows 
that thiobencarb is batter than butachlor in reducing dry 
matter production by weeds* This is because of the fact 
that thiobencarb could more effectively control the grass 
weeds which accounted for the major part of the weed flora 
in the field* as is clear from the data on the population 
of grass wasds (Table 6)• It is also evident that a second 
application of the same pre-emergence herbicide (20 or 30 
days) or propanil (30 days) after the basal application 
(0 days) of the pre-emergence herbicide Is sufficient to 
give an effect equivalent to a hand weeding givan around 
40 days* Since the effect of pre-emergence herbicides 
butachlor and thiobencarb will last only for few weebs, 
they can beep the field relatively weed free for about one 
month only* A hand weeding around 45 days (Ahmed and 
Moody* 19 B2? Manna and Moorthy, 1982; Singh and Dash*
1986) or propanil application (Bhol and Singh, 1987?
Vamane et al», 1975? Singh and Singh, 198%;Sharma and 
Bisen, 1985) is usually recommended to control these weeds* 
The results of this trial shows that a second application
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o£ thiobencarb or butachlor at 20 days stage can extent 
the weed control effect of pre-emergence herbicides 
applied at atero days, thereby giving an effect equivalent 
to hand weeding or propanil application* The effect of 
propanil application alone at 15 days was not very promi­
sing because of the reasons already discussed* However# 
combination of propanil with thiobencarb or butachlor as 
tank mix application resulted in better effect as the 
pre-emergence herbicides could check the further germinat­
ion of the weeds* Similar result a have been reported by 
Fawan and 0111 (1962)# All and Sankaran (1964b) and IIT A 
(1983).

Fig. 3 clearly shows that even though the single 
application of thiobencarb or butachlor at zero daye could 
control the weeds effectively upto 30 days# there was gradual 
increase in the weed competition afterwards. In treatments 

whiere the application of, pre-emergence herbicide was repeated 
or followed by propanil 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
ition.

A correlation study between the total weed population 
and the dry matter production by weeds at different stages
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of crop growth (Table 11) showed that there was significant 
positive correlation between these two parameters at all 
stages of observation*

Table 11* Correlation between total weed count end weed 
dry matter at different stages

Stages Correlation coefficient

30 Da S 0 .9 3 3 9 *

40 d a s 0 .8 4 8 1*

50 DAS 0 .8 9 0 1*

60 DAS 0 .9 7 6 *  '

Harvest 0 .7 9 7 3 *

Critical values ( 1 3  df) 0 .5 1 4

4 . 1 . 4  Weed control efficiency

The effect of different treatments on weed control 
efficiency is presented in Table 12 and Pig. A, illustrates . 
the effect of treatments on weed control efficiency during 
critical stages.

The observation at 30 days showed that To + 20 recorded 
the maximum weed control efficiency which was even better 
than the hand weeded plot. A l l  the treatments wherethioban- 
carb was applied at zero days were on par with To + 20.



Table 12. Effect of treatments on the weed control efficiency (%)

Treatments
Stages

30 DAS 40 DAS 50 DAS 60 DAS Harvest
— —* --------- — -------------- --- ------
To 93.33 88.67 90.00 80.33 91.67
To + 20 96.33 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 94.33 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
CD (0.05) 16.696 12.199 15.025 26.273 27.505
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However, butachlor In general recorded lower weed control 
efficiency than thiobencarb. even though the differences 
were not statistically significant at all cases. The 
lowest weed control efficiency was recorded by propanil 
applied alone at 15 DAS followed by the tank 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 thiobencarb 
was applied at zero days were on par with To + 20 at this 
stage also. Repeated application of butachlor also could 
enhance weed control efficiency compared to application at 
zero days (Bo) and Bo + H.W, The lowest weed control 
efficiency was recorded by propanil applied alone. The 
weed control efficiency of tank mix application of propanil 
v;ith butachlor and thiobencarb at 15 days was also poor.

At 50 days, the treatments involving a hand weeding 
recorded higher values of weed control efficiency (Bo + H.W, 
To + H.W and hand weeded check) followed by repeated appli­
cation of thiobencarb and butachlor and the differences 
between these treatments were not statistically significant. 
Even though the 0 DAS application 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 involving propanil 
recorded lower weed control efficiency.
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Almost the seme trend wa» observed at 60 days and 
also at harvest stage.

The first hand weeding given on 21st day after sowing 
was not sufficient for complete weed control* Some flushes 
of weeds emerged after the first hand weeding as indicated 
by a lower weed control efficiency value than some of the 
chemical treatments for the hand weeded treatment at 30.and 
40 days, while the hand weedinga given at 40th end 55th days 
controlled most of the weeds* thereby giving higher weed 
control efficiency for the hand weeded 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 efficiency. These results 
indicate that 2 to 3 manual weeding* is necessary to get 
control of the new flushes of weeds emerging during the 
critical stages, when no herbicide treatments are adopted 
and when pre-emergence herbicide treatments are adopted, a 
manual weeding given to control the weeds after the activity 
of the pre-emergence herbicides applied has exhausted also 
will control weed competition with crop at critical stages. 
Earlier studies by Singh and Dash (1986)? Singh and Singh 
(1985b) and Shol and Singh (1987) also showed the necessity 
for follow up weed control operation after pre-emergence 
herbicide application at sowing.
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Repeated application of pre-emergence herbicide* at 
the time when the residual activity of the first applied 
herbicide was over# also showed promise for maintaining 
weed free condition almost throughout the crop period.

Fig. 4 clearly indicates that To + 20 showed a high 
weed control efficiency consistently through out the 
critical period for weed competition. Single application 
of the pre-emergence herbicides, even though recorded high 
weed control efficiency initially, showed decline in weed 
control efficiency at later stages, but when combined with 
hand weeding the weed control efficiency could be maintained.

4.2 Observations on the crop

4.2.1 Phvtotoxlcitv

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

In many of the studies no phytotoxicity symptoms for 
these herbicides were noted (Olofintoye, 1982j Sudhakara 
and Hair, 1986 and Jayacre®, 1987)• However, Manipon et al. 
(1981) has reported toxic effect of thiobencarb to germi­
nating seedlings. Experiments conducted at CRRI, Cuttack
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also observed poor seedling growth for about 2 weeks, 
when thiobencarb 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 production of rice with butachlor 
@ 2 kg ei/ha. Singh (1985) observed phytotoxicity in dry 
seeded rainfed upland rice when ponding of water occurred 
at soli surface. Chandraka and Manna (1981) has also 
reported that phytotoxicity is likely to occur due to 
butachlor to germinating rice seeds due to heavy rainfall 
after sowing.

2n this study also there was heavy rainfall 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 ©uch phytotoxicity symptom observed for thiobencarb 
by Jayaaree (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 characters

(a) Height

The data on the mean height of the crop plants at 
harvest under the different treatments are presented in 
Table 13.

The maximum height of 05.57 on was noted in the hand 
weeded check. All treatments except the unweeded check was 
statistically on par with this treatment. However, the 
treatments involving one hand weeding (To + H.W and Do + 
H.W) as well as the repeated application of thiobencarb 
(To + 20 and To + 30) resulted in taller plants, though 
their difference with unweeded check was not statistically 
significant.

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

Similar observation of reduction in plant height was 
also reported by Mukhopadhyay and Bag (1967); Chang (1973); 
Sreedevi (1979) and Tasic et al. (1900).
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Table 13* Effect 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 7.42
To + P 30 76.47 7.00
To + H.W 03.07 8.33
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 7.3
P 15 70.4 4,07
T 15 + P 15 73.37 5.47
B 15 + P 15 71.43 5.19
H.W 85.57 8.93
U.W 69.7 3.83
SEm+ 5.399 0.953
CD (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 presented in Table 13•

The weed control treatments had significant influence 
on tiller production by the crop* Maximum number of tillers 
were noticed in the hand weeded check which was statisti­
cally on par with the treatments Involving a basal appli­
cation of thiobencarb# whether followed with a second 
application of thiobencarb# propanil or one hand weeding. 
However# in the case of butachlor only the treatments 
receiving a basal application of butachlor followed by 
butachlor at 20 days or propanil at 30 days or a hand 
weeding at 40 day® were on par with hand weeded check. All 
the other treatments recorded lower tiller number which 
was not statistically different from the unweeded check which 
recorded the least tiller production*

Increase in duration of crop-weed competition has 
adversely affected the tillering capacity of the crop and 
the plots with maximum weed density recorded lower number 
of tillers/hill. Similar reduction in tiller production 
have been noticed by Sreedevi <1979) and Jayasree (1987) '.
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(c) Dry matter production

She data on the dry matter production by the crop 
at different stages are presented in Table 14.

At all stages the maximum dry matter production by 
crop was recorded in hand weeded plot and the least by 
unweeded plot. Propanil applied alone or as tank mix with 
either butachlor or thlobencarb recorded lesser crop dry 
matter when compared to other herbicide treatments. At 30 
days, the treatments involving application of thiobencarb 
at sowing recorded dry matter production on pair with hand 
weeded plot. In butachlor applied plots the dry matter 
production was lesser.

Prom 40 days onwards, observations showed that only 
the treatment To + 20 recorded dry matter on par with that 
of hand weeded plot at all stages. The treatments To + 30,
To + P 30, To + H.W, To, Bo + P 30 and Bo + H.W also recorded 
higher dry matter production, even though they were not 
statistically significant with hand weeded plot at all 
stages. The repeated application of thlobencarb and 
butachlor resulted in an increase in dry matter production 
of the crop compared to their single application at sere 
days alone, even though the differences were not significant



Table 14. Effect of treatments on the dry matter production by crop (g/*n ) 
^ Stages

30 DAS 40 DAS 50 DAS 60 DAS Harvest

To • 58.67 104.67 167.33 222.33 619.4
To + 20 64.0 -130.00 '220.00 362.67 940.13
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 + H.W 56.00 109.33 200.00 327.33 821.4
Bo •43.33 80.00 152.67 166.67 547.33
Bo + 20 '53.33 116.00 162.00 242.00 678.87
Bo + 30 46.67 104.00 162.00 204.67 573.12

© o + P 30 43.67 118.00 164.00 292.67 756.09
Bo + H.W 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
SEnri* 3.909 8.189 15.788 9.157 26.4
CD (0.05) 11.32 23.72 45.73 26.52 76.462
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in all case** This effect was more pronounced where the 
pr«-emergence herbicide was repeated at 20 days*

A critical analysis of the dry matter production of 
the crop ahowe that even though there was no significant 
difference between the different treatment# of a particular 
pre-emergenee herbicide# there was difference due to 
repeated application of pre-emergence herbicide or giving 
a hand weeding when compared with basal application alone* 
This le due to the fact that the herbicide' at sowing could 
check the weeds only for about a month# by which time they 
would have degraded hence there was serious weed competit­
ion in plots where thiobencarb and butachlor alone was 
applied at 0 days compared to treatments involving a 
repetition# ae evidenced by the results on the dry matter 
production and population of weeds (Section 4.1,3 and 
4.1.2*4)* This must be the reason for better results for 
a second weed control operation (Herbicide/hand weeding) 
as obtained in thie study. It can also be noted that the 
treatments where dry matter production was higher 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 correlation study on 
dry matter production of crop and weed at corresponding 
stages (Table 15) indicates that at all stages there was a
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significant negative correlation between them. A negative 
correlation between crop and weed dry matter production has 
been reported earlier by Patel at al. (1985) and Jayasree 
(1987).

Table 15. Correlation between crop and weed dry matter 
production

Stages Correlation coefficient

30 DAS - 0 . 5 3 1 3 *

40 DAS - 0 .5 5 2 2 *

50 DAS -0 .6 8 6 7 *

60 d as - 0 .7 1 0 2 *

Harvest -0 .7 6 4 8 *

Critical values ( 1 3  df) 0 .5 1 4

4.2.3 Yield attributes

The effect of different treatments on the yield 
attributes taken at harvest are given in Table 16.

(a) Productive tillera/hill

The hand weeded plot produced the maximum number of 
productive tillers and this was followed by thiobencarb 
repeated at 20 days or 30 days or followed by hand weeding
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Table 16. Effect of treatments on the yield attributes
Treatments Productive 

tiller 
(No./hill)

length
of

panicle
(cm)

No. Of
grains/
panicle

Thousan
grain
weight
(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 84,8 28.1
To + H.W 6.59 17.18 90.37 28.33
Bo 4,27 . 12.0 67.17 25.6
Bo + 20 6.47 14.30 85.47 26.87
Bo + 30 4.8 13.75 72.07 26.5
Bo + P 30 5.87 13.97 81.97 26.9
Bo + H.W 6.4 15.15 88.57 28,17
P 15 3,0 11.39 68.53 25,0
T 1 5  + P 15 4.15 13.15 65.3 26.6
B 15 + P 15 3.53 12.44 66,73 24.97
H.W 7.53 16,99 104.47 28.77
tl.W 2.85 8.83 39.83 23.77
SEn£ 0.632 0.161 4.77 0.042
CD (0.05) 1.83 0.468 13.813 NS
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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 
days* which were all statistically on par- The unweeded 
check gave the leaBt number of productive tillers. Propanil 
applied either alone or as tank mix with butachlor or thio­
bencarb at 15 days and butachlor applied alone were on par 
with this treatment.

(b) Length of panicle

Thiobencarb applied at zero days and combined with 
hand weeding produced the longest panicle (17,18 cm) 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 (8.03 cm). 
However, all the weed control treatments were significantly 
superior to this treatment.

(c) Humber of grains/panicle

The hand weeded plot recorded the maximum number of 
grains/panicle and the treatment thiobencarb repeated after 
20 days was statistically on par with this treatment. The 
unweeded check which produced the least number of grains/ 
panicle was statistically inferior to all other treatments.
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(d) Thousand grain weight

Thera was no significant difference between the 
treatments with respect to thousand grain weight* even . 
though the unweeded plot showed a lower value and a higher 
value in weed controlled plots•

Among the yield attributes discussed* all components 
were 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 
reduced. The reduction in yield attributes due to heavy 
weed infestation and weed dry matter production has been 
reported by several researchers; Rethinam et al. (1974); 
Sinalachlar et al. (1978); Sreedevi (1979); Sudhakara and 
Hair (1986) and Jayasree (1987).

4.2,4 Yield

The data on the grain and straw yield as affected 
by different treatments at different stages ofthe crop 
growth are presented in Table 17 and illustrated in Yig.5.

(a) Grain yield

Highest grain yield of (36.75 q/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 woe To +
20, which recorded an yield of (33*85 q/ha). The treatment 
To + H.W recorded yield on par with To + 20. A second weed 
control operation could significantly increase the yield in 
the butachlor applied plots compared to its single applicat­
ion at xero days. Propanil applied alone or as tank mix 
with either thiobencarb or butachlor at 15 days could not 
result in satisfactory yield# even though the yields were 
higher than the unweeded check.

The grain yield obtained in hand weeded control which 
was the highest was about 15.84 times more than that of the 
weedy check. The data shows that effective weed control 
equal to frequent hand weeding could be obtained by appli­
cation of thiobencarb at sowing and a second application 
at 20 days. It can also be seen that the repeated appli­
cation of thiobencarb is even better than the present 
recommendation of a basal application of thiobencarb 
followed by a hand weeding/propanil application. In the 
present context of high labour charges substitution of hand 
weeding with thiobencarb application which is much cheaper 
can significantly Increase the farmers profit (Table 26)• 
Since thiobencarb is much cheaper then propanil it has to 
be preferred to increase the profit. In this trial butachlor 
proved to be inferior to thiobencarb probably due to the
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Table 17. Effect of treatments on the yield (q/ha) of rice

Treatments
tr

Grain yield Straw yield

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 20.03 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
P 15 7.15 33.00
T 15 + P 15 22,85 48.4
B 15 + P 15 10.5 40.6
H.W 36.75 75.06
U.W 2.32 11.77
SEm+ 1*146 1.748
CD (0.05) 3.318 5.062



75

70

65

60

55

50

45

40

35

30

25

20

15
IO

80
GRAIN YIELD 

STRAW YIELD

i
To TOT20 T0T30 To+Pjo T<j+HW 8 0 BO+20 BOT30 Bo+Pso 8 0TH-W P,g T15+P15 B(5+P(5  H W

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------.TREATMENTS ----------------------------------------------------------------------------------------------------------------------------

U-W CD(0 0S)

F IG .5. EFFEC T OF TR EA TM EN TS  ON GRAIN AND STRAW YIELD.



90

fact that grass weeds accounted for major portion of the 
weed population. Even though propanil was better than 
unweeded control it was not as efficient as the pre-emer­
gence herbicides. Propanil alone applied 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 propanil could control some of the existing and the 
pre-emergence herbicides 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 could 
not bring about complete control of already germinated 
weeds. When propanil was applied at 30 days in the field 
already treated with pre-emergence herbicide butachlor or 
thiobencarb at sowing it could enhance the efficiency of 
weed control by the pre-emergence herbicides whose effect 
would have been over by about three weeks.

(b) Straw yield

The maximum straw yield (75.06 q/ha) was observed in 
the hand weeded plot and this treatment was statistically 
significant only with To + 20. These treatments were 
followed by To + H.W. All other treatments were statisti­
cally inferior to these three treatments. The other



91

treatments which recorded higher straw yield war Bo + P 30, 
T© + F 30, To, Bo + H.W all these treatments were on par 
and was significantly superior to other herbicide treat­
ments except for To + 30 which was on par with To + P 30, 
To and Bo + H.W. The least straw yield was recorded by 
unweeded control which produced significantly poor yield 
than all others.

The treatments where in weed control was effective 
resulted in better crop growth resulting in higher yield 
as already discussed in case of grain yield and dry matter 
production of crop. Similar studies where straw yield was 
higher in weed controlled plots have been reported by 
Ramamoorthy at al. (1974).

Fig, 5 clearly indicates that straw yield and grain 
yield is highest In hand weeded plot closely followed by 
To + 2 0 . The thiobencarb treatments (To; To + 20? To + 30 ; 

To + P 30 and To + H.W) yielded higher compered to their 
corresponding butachlor treatments (Bo; Bo + 2 0 ; Bo + 3 0 ;  

Bo + P 30 end Bo + H.W). T 1 5  + p is gave higher grain 
yield compared to Bo; which was better than B 15 + P .15 
and P 15.
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Table 18* Effect of treatments on the grain*straw ratio 
and harvest index

Treatments Grain*straw ratio Harvest index

To 0.42 0,3
To + 20 0,47 0.32
To + 30 0.51 0.34
To + P 30 0,42 0.3
To + H.W 0.46 0.32
So 0.37 0.27
Bo + 20 0 .49 0.33
Bo + 30 0.47 0.32
Bo t P 30 0 .41 0,29
Bo t H.W 0.47 0.32
p 15 0.21 0.18
T 15 4* P 15 0.46 0.32
B 15 + P 15 0,25 0.21
H.W , 0.48 0.33
U.W _ 0.17 0,17
SEmt 0,024 0,016
CD (0.05) KS m
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(c) Grain a straw ratio and harvest indent

The data on the grain a straw ratio and harvest 
index are given in Table 18.

The grain * straw ratio and harvest index were not 
significantly influenced by the different treatments. 
However it could be seen that in the treatments where 
weed control was effective the grain 3 straw ratio and 
harvest index were higher. Yield attributing characters 
lllce length of ear head and number of grains/ear head 
(Table 16) were higher for these treatments, which would 
have led to a higher proportion of grain compared to straw 
yield.

4.2.5 Heed index

Table 19 and ffig. 6 presents the weed index values as 
affected by different treatments.

Thiobencarb repeated after 20 days gave minimum weed 
index value of (7.39). Only To + H.W was on par with this 
treatment. The highest weed index value (93.96) was 
recorded in unweeded check and all treatments were signi­
ficantly superior to weedy check.



Table 19* Effect of treatments on the weed index
Treatments Weed index

To 29. S3
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
Bo + P 30 29.83
Bo + H.W 22.30
P 15 @0,42
T 15 + P 15 37,63
B 15 + P 15 71.30
H.W 0.00
U.W 93.96
SEir\+ 3.5
CD (0.05) 9,99
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Propanil applied 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 o From the graph (Fig. 6) also it is clear that more 
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 than 10 per cent,

Weed index denotes the relatively decrease in yield 
of crop due to weed competition compared to hand weeded 
plot. The results of this trial indicates that uncontrolled 
weed growth can result in a decrease in yield by about 94%. 
The result also shows that repeated application of thloben- 
carb could significantly reduce the losses due to weed 
competition., The other treatments which showed promise 
were the combination of a pre-emergence herbicide with a 
hand weeding or propanil and repeated application of pre­
emergence herbicides,

4.3 Nutrient Uptake Studies

4,3.1 Hutriant 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-Ill.



Treatments

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

30 DAS 40 DAS 50 das 60 DAS Harvest

To 0.59 4.05 4.0 10.82 4.27
To + 20 0.15 1.33 1.53 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 7.25 3.1
To +.H.if 0*77 2.41 0.79 1.01 1.4
Bo 2.49 9.87 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 1.54 3.2
P 15 6.72 13.44 20.9 37.68 40.62
T 15 + P 15 2.45 10.64 9.18 24.48 26.45
B 15 + P 15 4.06 10.44 17.99 28.25 33.12
H.VJ 0.6 1.14 0.93 0.62 0.6
u.w 10.89 45.54 54.81 75.24 65.49
SEm+ 0.646 1.666 2.776 4.99? 5.425
CD (0*05) 1.87 4.824 8.041 14.473 15.713
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At all stages the unweeded check recorded maximum 
removal of N by weeds. Except 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 thiobencarb was applied as basal was on 
par with this treatment. Repeated application 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 all the treat-

t

roents involving hand weeding, thiobencarb application 
(either basal or repeated) and repeated application of 
butachlor and combined application of pre-emergence and 
propanil had lower S3 removal by weeds, the differences 
between these treatments were not significant. All these 
treatments recorded their effect in reducing N removal by 
weeds at all subsequent stages upto harvest,

t

(b) Phosphorus

T ab le  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 on the phosphorus removal by weeds (leg/ha)

Treatments
30 das 40 DAS'

To 0.0S. 0.41 .
To + 20 0*01. 0.13
To + 30 0*05. 0.17 .
To + P 30 0.13 0.4
To 4- H.W 0*06. 0.25 .
Bo 0.20 . 0.99
Bo + 20 0.1 0.43
Bo + 30 0.21 . 0.56 .
Bo + P 30 0.1 0.38 .
Bo + H.W 0.13 1.04
P 15 0.48 . 1.28
T 15 + P 1= 0.17 1.06
B 15 + P 15 0.31 1.1
H.W 0.05 . 0.11. .
U.W 0.76 . 3.96
SEm* 0.05 0.159
CD (0.05) 0.144 0.46

Stages
50 DAS 60 DAS Harvest

0.45 0.83 0.35
0.16 0.26 0.08
0.27 0.61 0.32
0.2 0.51 0.27
0.09 0.09 0.12
1.13 2.39 2.39
0.19 0.38 0.93
0.6 1.64 1.56
0.47 0.98 0.52
0.05 0.11 0 . 24
1.98 3.77 3.39
0.77 2.31 2.48
1.23 3.01 2.57
0.08 0.05 0.04
5.22 5.47 5.17
0.25 0.48 0.431
0.723 1.389 1.248

COQO
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all treatments except Bo, Bo + 30, T 15 + F 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 thlobencarb 
(whether or not repeated after 20 or 30 days or combined 
with propanil or hand weeding) were on par with this 
treatment. Among butachlor treatments repeated application 
of butachlor at 20 or 30 days or combination with propanil 
at 30 days were on par with hand weeded check. At 50 days 
Bo + H.W recorded least P removal and was on par with all 
the thlobencarb 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 
herbicide treatments and their combination except Bo,
Bo + 30 and propanil at 15 days alone or as tank mix with 
the pre-emergence herbicides were on par with hand weeded - 
plot. At harvest stage Bo + 30 was also on par with hand 
weeded plot.

(c) Potassium

The potassium drain by weeds at different stages 
(30, 40, 50, 60 days and at harvest) is presented in Table 
22 and their corresponding potassium contents in Appendix-V.



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

Treatments
stages

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 2.1 6.1 3.89
To + P 30 1.17 4.62 2.28 7.25 3.31
To + H.W 0.5 3.04 0.75 1.01 1.8
-Bo . 1.81 8.88 9.4 21.1 23.85
■Bo + 20 0.87 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 + 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 65.49y
SEm+ 0.508 1.568 2.132 5.233 5.07
CD (0.05) 1.471 4.542 6.175 15.155 14.683
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Maximum removal of potassium was observed in unweeded 
check throughout the crop growth and differed significantly 
with all other treatments. Treatments 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 
least removal of potassium. Difference between the K uptake 
of weeds in thlobencarb treatments (alone or repeated or 
combination with hand weeding or propanil) did not differ 
significantly. Most of the treatments involving butachlor 
were also on par with hand weeded control in K removal by 
weeds•

The effect of the treatments 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 better resulted in 
lesser removal of H P and K by weeds. The data shows that 
thiobencarb was better than butachlor in reducing nutrient 
uptake by weeds. This is a reflection of the effect of 
thiobencarb in reducing the grass weed population which 
accounted for major share of weed flora in the plot.. It
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can also be seen that upto 40 days# the repeated applicat­
ion of the pre-emergence herbicides resulted in lesser 
nutrient uptake by weeds than the combination of the 
pre-emergence herbicides with propanil and hand weeding.
This reduction in nutrient removal by weeds at the early 
stages is more pronounced in case of To + 20 which could 
control the weeds effectively and this effect is also 
reflected in the yield data also wherein the yield recorded 
by To + 20 is better than that of To + H.W,

4*3.2 Nutrient uptake bv crop

(a) Nitrogen

Nitrogen uptake toy 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 in hand weeded plot was followed by

t

the treatments where thiobencarb was applied 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 thiobencarb



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

Treatments
Stages

30 das 40 DAS 50 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 64.13
T 15 + P 15 7.47 19.27 20.92 32.27 75.92
B 15 + P 15 7.79 19.32 17.86 31.87 66.38
H.W 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) 2.338 5.213 10.295 6.172 12.664

K-*
CD
CO
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treatments and only Bo 4- 20 was on par with thiobencarb 
treatments. The treatments involving propenil application 
at 15 days recorded leaser nitrogen uptake. At 40 days 
the combination of pre-emergence application (0 DAS) of 
thiobencarb with repeated application, propanil or hand 
weeding did not differ significantly even though their 
difference with hand weeding was significant. Same was 
the case between the different butachlor treatments. At 
50 days To + 20, To + H.W and To + 30 were on par with the 
hand weeded plot. Among the butachlor treatments Bo + H.W 
recorded significantly higher nitrogen uptake which was on 
par with the better thiobencarb treatments. At 60 days 
among the different herbicide treatments To + 20 was 
significantly superior, even though it recorded signifi­
cantly lower N uptake than hand weeded plot. However 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 differ­
ence between 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 phosphorus 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 7.75 10.76
To + P 30 1.03 3.37 4.35 7.63 11*78
To + H.W 1.00 3.28 5.6 8.5 11.94
Bo 0.65 2.16 3.36 4.33 . 8.«6
Bo + 20 0.96 2.9 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
T 15 + P 15 0.71 2.41 2.07 4.2 9.02
B 15 + P 15 0.74 2.39 2.07 4.14 7.69
H.W 0.92 4.27 6.91 12.89 13.98
U.W 0.48 2.01 1.1 3.27 6.78
SKsa+ 0.066 0.226 0.427 0.262 0.414
CD (0.05) 0.19 ' 0.655 1.237 0.757 1.198
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In general hand weeded plot recorded the maximum and 
unweeded the minimum uptake of phosphorus. Butachlor 
applied as basal application alone and propanil applied at 
15 days either alone or in combination with the pre-emergence 
herbicides recorded lower P uptake in general. Among 
butachlor involving treatments butachlor applied as basal 
application recorded lowest phosphorus uptake at all stages 
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 did 
not differ significantly. At 40 days also the treatments 
involving combination of thiobencarb at 0 days with its 
repeated application# propanil or hand weeding were on par 
and recorded higher Pi uptake than all other herbicide 
treatments even though the differences were not significant 
in all cases. This trend was continued at subsequent stages 
also. However from 60 days onwards To + 20 recorded 
significantly higher P uptake than the other thiobencarb 
combinations. At all the stages combination of butachlor. . 
with a second application at 20 days# propanil application 
at 30 days or a hand weeding at 40 days recorded batter P 
uptake than the single basal application of butachlor 
alone.
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(e) Potassium

Tab!© 25 and Appendlae-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 
recorded 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 applied alone or repeated after 20 or 30 days or 
in combination with propanil at 30 days or a manual 
weeding at 40 days showed no significant difference.

&

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

At 50 days treatments involving a manual weeding at 
40 days after the application of the pre-emergence herbicides



Table 25. Effect of treatments on the potassium uptake by crop (kg/he)

Treatments 30 BaS 40 DAS
Stages 

50 DAS 60 DAS Harvest

Tq 13.49 21.98 35.14 48.91 120.24
To + 20 16.00 31.21 50.6 83.41 193.76
To * 30 13.49 32.24 45.76 57.5 147*32
To + P 30 13.39 26.68 38.28 64.53 160.87
To 4 H.W 12.83 25.15 50.00 75.29 170.87
Bo 10.4 18.38 32.06 35.00 99.26
Bo 4 20 12.8 29.00 35.64 53.24 131.61
Bo 4 30 10.73 27.04 34.02 42.98 112.8
Bo 4 P 30 10.48 29.5 34.44 64.39 156.86
Bo 4 H.W 10.81 24.64 51.83 72.83 151.38
P IS 6.97 ' 15.96 19.32 30.94 81.27
T IS 4 P IB 9.44 22.16 21.71 33.88 101.62
B 15 4 P 15 9.44 20.24 20.68 33.46 85.74
H.W 15.68 35.36 56.73 92.16 196.78
H.W 6.82 16.64 12.13 29.82 67.96
SEm+ 1.351 1.963 3.669 2.035 5.228
CD (0.05) 3.913 5.684 10.627 5.893 15.141



at aero 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 treatments.

The results on the nutrient uptake by the crop at 
different stages shows that in 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 J3PK content of the crop (Append ix-VI, VII, VIII) 
in different treatments did not show much variation between 
them and hence the differences in the uptake of nutrients 
by crop is actually due to the differences in the dry matter 
production. In earlier studies Senkoran et nJL. (1974) and 
Jayasroe (1987) have reported higher nutrient uptake by 
crop in hand weeded plot compared to unweeded control.

4.4 Economics of Different Treatments

The data on the economics of the different treatments 
is presented in Table 26 and illustrated In Eig. 7. The 
details of coat of cultivation and returns are given in 
Appendix-IX(a) and (b).
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Table 26. Economic* of rice cultivation under different 
weed control treatment s

Treatments
Total cost 
of culti­
vation 
(Rs./ha)

Total
returns
(fo./ha)

Net
profit
(Rs./ba)

Return/Rupee
invested

(23.)

To 4566.00 10,975.55 6409.55 2.4
To -r 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 + H.W 5574.00 12,970.75 7396.75 2.32
Qq 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 4* H.W 5563,2 11,652.00 6088.8 2.09
P 15 4885.00 4,111.25 -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 14,985.15 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 
(rs.8956.75 ps/ha) followed by hand weeded plot (Rs.7805.15 
ps/ha)• Compared to these treatments the unweeded plot 
recorded a loss of Rs. 2696.95 ps/ha.

The highest return per rupee invested was obtained 
in To + 20 treatment (fe.2.77 ps) followed by thiobencarb 
applied alone (Rs.2.40 ps)j To + 30 (Rs.2.38 ps) j T© + H.W 
(ed.2.32 ps). Among butachlor treatments Do + 20 (Rs.2.14ps) 
and Bo + P 30 (as.2,10 ps) were found to be superior. All 
the above treatments recorded higher return per rupee 
invested than the hand weeded plot. Propanil whether 
applied alone or in combination with butachlor or thioben­
carb and Bo + 30 gave low return per rupee invested. 
Unweeded control recorded the least return of te.0.34 ps per 
rupee invested.

In terms of total returns, the hand weeded plot, 
seemed to be superior giving a return of Rs. 14,985.15 ps/ha 
(Fig. 7) but when the high cost of labour is considered the 
net profit and thereby return 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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control, either complete (repeated application of pre- 
emergence herbicide) or a combination of pre-emergence 
application and a subsequent hand weeding* The poor return 
and net profit front propanil treatment* is due to the 
higher cost of the herbicide coupled with e lover crop 
yield, compared to other herbicide treatments*
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5. SUMMARY

A field experiment was conducted at the Agricultural 
Research Station, Mannuthy under the Kerala Agricultural 
rniversity, during the first crop season of 1987 to evaluate 
:he efficiency of repeated application of pre-emergence 
lerbicides as well as combined application of a pre-emergence 
md a post-emergence herbicide at early post-emergence stage 
>f rice. The main objective was to develop a cheaper and 
sfficient herbicide sequence for season long weed control in 
Iry sown rice. The experiment was laid out in randomised 
ilock design, with three replications. Treatments comprised 
if pre-emergence herbicide thiobencarb/butachlor applied at 
sero days alone or repeated after 20 or 30 days, combination 
>f pre-emergence application with propanil at 30 days or a 
land weeding at 40 days and application of propanil at 15 
iays alone or as tank mix with one of the pre-emergence 
lerbicides at 15 days. Efficiency of these treatments were 
:ompared with two controls viz., weedy check and hand weeded 
sheck. The salient findings of the experiment are summarized 
lelows

Grasses and sedges constituted major part of the weed 
:lora in the experimental field. A few broad leaved weeds 
rere also- present from 40 days onwards. Among the grasses,



114

Isachne miliacea. Saccoleppis interrupta and Echlnochloa 
coIona and among sedges, Cyperus Irla were the prominent 
weeds.

The grass weeds were very effectively controlled with 
thiobencarb application and repeated application of the same 
pre-emergence herbicide (To+20) had resulted in better 
effects while butachlor application at aero days and repeated 
after 20 days (Bo+20) controlled the sedges completely. When 
the total weed population 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 thiobencarb or butachlor at 20 days stage extended the 
weed control effect of the pre-emergence herbicide applied at 
zero days and thus gave an effect equivalent to hand weeding 
or propanil application. 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 efficiency during critical stages (upto 60 days) was
noted in hand weeded plots (H.W; Tb+H.W; Bo+H.w) and To+20 
treatment.

Both the herbicides thiobencarb and butachlor produced 
slight phytotoxicity on crop due to heavy rainfall after the 
application of the pre-emergence herbicides at 2ero 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 herbicides were repeated or a hand weeding 
given. Negative 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 recorded maximum length of panicle. There 
was no significant difference between thousand grain weight 
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.W was on. par with this 
treatment.
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Hutrient uptake by weeds and crop showed almost 
opposite trend, She N, P and K removal by weeds were 
minimum in To+20, The treatments where weeds were control­
led better resulted in lesser removal of N, P and K by weeds 
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 plot was higher, the high cost of hand 
weeding brought down the return per rupee invested.

Prom the results of the study it could be concluded 
that reputed application of thiobencarb (To+20) was the 
most efficient treatment for controlling the weeds and in­
creasing the yield of dry sown rice.
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1• Chemical name

2. Structural 
formula

3. Herbicide 
family

4. Manufacturer

5. Trade name
6. Formulation
7. Physical properties

Appendix-i 
Details of herbicides

Butachlor
1

N- (butoxymethyl) —2-Chloro 
2'# 6*-diethyl acetanilide

C2HS

CTi20C«H9

COCHgCl

Amides

Thiobencarb
2

Propanil
3

S \(C4-Chlorophenyl) methyl] 3*# 41 -dichloropropion- 
diethyl carbomothlvate anilde

S V s
Cl-^ _ CH.SCH

C2HS
Thiocarbamates

Cl— H- 
Cl

Amides

Pest Control Co.

Butachlor 50 EC 
EC 50

Molecular weight 311.9. 
Slightly sweet aromatic 
amber liquid. Melting 
point less than -5*C. 
Boiling point 156°C at 0.5 
mra Hg. Solubility in water 
■ 23 ppm at 24°C. Soluble in 
ether# acetone# benzene# 
alcohol# ethyl acetate and 
hexane at room temperature.

Pesticides India Ltd.# 
Udaipur# Rajasthan.

Saturn 50 EC 
EC 50

Molecular weight 257.8 
Oily liquid with pale 
amber to light yellow 
colour. Melting point 3.3*C. Boiling point 
126 to 129°C at 0.008 mm 
Hg. Soluble in organic 
solvents like Acetone, 
Ethyl alcohol and Xylene. 
Solubility in water 30 ppm 
at 20°C stable in acid and 
alkali

Indofil Chemicals

Stam F—34 
EC 35

Molecular weight 218.0. 
Light brown to gray- 
black liquid. Melting 
point 85 to 89®C. S©lv 
bility in water 0.05%# 
solubility in organic 
solvents 25%.

Contd.



Appendix-1. Continued

8. Rates

9, Mode of 
action

10. Method of application

11. Absorption 
character

12. Average
persistence 
at recommend­
ed rates

Approximately 1*12 to 
4.48 kg ai/ha as a broadcast 
treafcnent depending on type 
of application* crops* weed* 
stage of growth etc*
Information incomplete. 
Based on modeO of action of 
other dhloroacetanilides* 
butachlor probably inhibits 
protein synthesis in 
susceptible plants*
Pre-emergence soil surface 
treatment* application in 
water with transplanted rice 
and as a post emergence 
application in combination 
with propanil*
Absorbed mainly by the 
germinating plant shoots* 
secondarily by roots*

6 to 10 weeks* varies) with 
soil type and climatic 
conditions.

3*4 to 4*5 kg/ha 3.36 to 6.7 kg/ha

Inhibits protein 
biosynthesis and 
gibber1in biosynthesis*

Pre-emergence to early 
post-emergence appli­
cation In rice*

Absorbed by roots* stem 
and leaves* Trans­
located acropetally 
and basipetally.
2 to 3 weeks under aerobic conditions and 
6 to 8 months under
Canaerobic conditions.

Contact herbicide.

Ground or aerial applicat­ion used for selective post 
emergence control of grass (Echlnochloa) and broad 
leaved weeds in cultivated 
rice*
Moves from leaf to growing 
point* then back to the 
leaves*

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

Sources WSSA (1983) * Herbicide Hand Book of the Weed Science Society of America 
Heed Science Society of America* Illinois. S15p>p.

Fifth edition.



APPEBDIX-IX 

Weed flora in the experimental field
Botanical name Common' name Malayalam 

H&ntQ
Family

A. Monocots
(i) Grasses
1. Echinochloa colons Jungle rice Kavada Gramineae

(L) Link
2. Eleusin© indica (L) 

Gaertn
Goose grast Gramineae

3, Xsachne mlll^ce^, Roth Chovaripullu Gramineae
4. Saceolenois internintaL i

Polakkapotfcan Gram ins ae 
(Polappullu)

(ii) Sedaes
1. Cyperus iria (L) Riceflat

sedge
Muthanga Cyperacoae

2. Cvnarus difformis L0 3?halaekettan Cyperaceae
3. Eriocaulon on Eriocaulaceae
4. Flmbristvlis miliaeaa

Vahl.
Hoorah grass Kung Cyperaceae

(ill) Broad leaved
1m Ammania baceifera

Linn
Blistering 
Amman!a

Kallarvanchi Lythraceae

2. Lindernis on Scrophulari-
aceae

3- Ludwiaia parviflora,
Roxb.

Nirgrambu Onagraceae

4. Monochoria vaainalis
Prestl*

Keelolpalam 
(Karimkoovalam!

Pontederiace&1
5. Snhaeranthus indicus,

Linn*
Adakkaman ian Compositae

6, Sphenochlea sevlanica*
Gaertn* Campanulaceae

7* Emilia sonchifolia Moyalcheviyan Compositas



Appendlx-ixj.
Nitrogen content of weeds at different stages {%)

Stages
Treatments ----------— — ----  —30 BAS 40 BAS 50 BAS 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 + H.W 2.3 1.9 1.7 1.9 1.4
Bo 2.2 2.0 2.0 1.5 1.9
Bo + 20 2,5 2.1 1.8 1.4 1.3
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 + H.W 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 1 5 2.1 1.8 1.9 1.5 1.8
H.W 2.5 1.9 2.0 1.7 1.8
U.W 2.3 2.3 2.1 ■2.2 , 1.9



^ Stages

Appendix-IV
Phosphorus content of weeds at different stages (%)

30 OAS 40 DAS 50 DAS 60 DAS Harrest

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 0.21 0.18 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
r is + p 15 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
J.W 0.16 0,2 0.2 0.16 0.15



Appendis-V
Potassium content of weeds at different stages (%)

Treatments Stages

-» to to 30 BAS 40 DAS 50 DAS 60 DAS Harvest
To 1.8 •2.2 1.6, 1.7 M • CD

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 2.1 ■1.8 .1.7 *1.6
To + H.W 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 1.7 1.7, 1.8 -1.6
Bo + 30 1.6 1.7 ■1.4 ' *1.8 *1.5
Bo + P 30 1.6 2.3 1.2 ■1.6 *1.6
Bo + H.W •1.6 2.1 1.8 .1.8 *1.5
P 15 1.7 1.9 *1.2 , 1.4 1.6
T 15 + P 15 1.8 2.3 1.2 ■ 1.5 *1.7
B 15 + P 15 2.0 2.1 *1.8 , 1.5 .1.7
H.W 1.1 2.4 1.2 2.0 .1.6
u.w ■1.8 .1.8 .1.6 1.9 *1.9



Appendix-VI
Nitrogen content of crop., at different stages i%)

■ Treatments
30 DAS 40 DAS

To 2.2 2.1
To + 20 2.3 2.2
To + 30 2.2 2.4
To +P30 2.2 2.4
To + H.W 2.2 2.3
Bo 2.0 2.1
Bo + 20 2.1 2.2
Bo + 30 2.0 2.2
Bo + P 30 2.2 2.2
Bo + H.W 2.1 2.3
P 15 1.8 2.0
T 15 + P 15 1.9 2.0
B 15 + P 15 1.9 2.1
H.W 2.3 2.4
u.w 2.1 2.0

Stages

50 DAS 60 DAS
Harvest 

Grain Straw
2.0 2.1 1.6 1.3
2.3 2.6 1.8 1.2
2.3 2.3 1.6 1.3
2.1 2.4 1.9 1.4
2.4 2.5 1.8 1.3
2.2 2.0 1.6 1.3
2.1 2.1 1.7 1.3
1.9 2.1 1.7 1.2
2.1 2.4 1.8 1.2
2.2 2.4 1.8 1.1
2.0 1*9 1.5 1.4
2.1 2.0 1.6 1.3
1.9 2.0 1.5 1.4
2.3 2.7 1.8 1.2
1.8 1.7 1.4 1.4



Appendlx-VXI
Phorphorua content of crop at different stages (H)

Treatments
stages

30 DAS 40 DAS 50 DAS 60 DAS Harvest
Groin 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 0.23
To + H.W 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 0.25 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 o.ie 0.27 0.31 0.27 0.19 0.12
Bo + H.W 0.17 0.3 0.28 0.31 0.18 0.12
P 15 0.14 0.22 0.16 0.24 0.21 0.16inrS + P 15 0.18 0.25 0.21 0.26 0.2 0.15
a 15 + P 15 0.18 0.26 0*22 0.26 0.21 0.15
H.W 0.14 0.29 0.28 0.33 0.18 0.12
u.w 0.16 0.29 0.18 0.23 0.21 0.16



Stages .Treatments  .--------------- ------   — ---------
Harvest

30 DAS 40 DAS 50 DAS 60 DAS Grain Straw

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

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 2.2 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 0.3 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 lb 2.4 2.3 2.2 2.1 0.7 2.4
B 15 + P 15 2.3 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(a)
Cost of cultivation excluding cost for weed control (Es./ha)

Particulars

1 Land preparation 
(Tractor-12 hrs +9 M + 3 W)

2 Seeds (125 leg) 
Sowing (3 M)

3 Fertiliser 
Urea (155 kg) 
Hussorlphos (175 kg) 
M.O.P. (58 kg) 
Application ( 3 M)

Cost of 
input

Labour charges
Tractor Ken

600

375

3B7 *5 
175.0 
101.5

261
Women

84

87

87

Total

945

375
87

387.5 
175.0
101.5 
87.0

4 ‘ Plant Protection 
Malathicn (1000 ml)" 85 85



Appendix-IX(jj) • Continued

Particulars

Application (2H) 
Water management (5 M)

S. Harvest operations
Harvesting (22 W) 
Threshing (20 W)
Cleaning and drying
(2 M + 15 w)

Cost of 
input

Labour charges 
Tractor Men Women

58 
145

Total
Seeds
Paddy seed ®  8s, 3/kg

1124 600

58

696

616
560
420

1680

Total

58
145

616
560
478

4100
Insecticides 
Malathien ® Es.85/lit

Fertilisers
Urea ® fe.2.50/kg 
Musaoriphos @ Rs.l/kg 
M.O.P. « Rs.l.75/1£g

Labour charges
Men $ 29/day 
Women ® Es. 28/day 
Tractor # fe. 50/hr



Appendiac-IX (b)
Economics of different treatments (Rs./ha)

Treatments Cost of 
cultivation 
excluding 
cost for 
weed control

Cost of 
weed cont­
rol operat­
ion

Total cost 
of

cultivation
Return from 
grain yield

Return from 
Straw yield Totalreturn

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 4,100.00 932.00 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 + H.W 4,100.00 1,474.00 5,574.00 8,615.75 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 5,563.2 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 15 4,100.00 1,091.00 5,191.00 6,283.75 3,146.00 9,429.75
B 15 + P 15 4,100.00 920.2 5,020.2 2,887.50 2,639.00 5,526.5
H.W 4,100.00 3,080.00 7,180.00 10,106.25 4,878.9 14,985.15
u.w 4,100.00 - 4,100.00 638.00 765.05 1,403.05
Price of paddy 9 fe.275/Quintal Cost of propanil (Stam F—34) • fe. 125/litre
Price of straw 9 Es.65/Quintal Hand weeding (3 hand weeding*)
Cost of thlobencarb (Saturn 50 EC) $ Bs. 102/litre 9 to.28/W<
Cost of butachlor (Butachlor 50 EC) 9 fc.98.40/litre Spray application, 5 Hen • Rs. 32/



Appendix-X 
Abstract of analysis of variance

Character Mean sum of squares

1
Source

2
df
3

30 DAS 
4

40 DAS 
5

50 DAS 
6

60 DAS 
7

Studies on weeds 
Isachne an. count Treatment 14 64.4* 489.35* , 441.73* (13)400.92*

,Error 28 3.29 33.93 54.93 . (26) 25.47
Saccoleonis so. count Treatment' 14 8.18* 14.24* 33.29* 66.69*

Error 28 1.79 3.44 2.71 15.9
Echinochloa sn.count Treatment ' 9' 14.96* 14.32* (7) 23.34* (10) 34.06*

Error 18̂ 2.08 7.04 (14) 8.14 (20) 1.68
Total grass weed Treatment 14 83.‘53* 511.85* 509.15* 448.08*count Error 28 3.31 23.92 44.99 14.9
Cyperus so. count Treatment ’ 9' 26.97* (12) 53.13* (13) 33.96* (12) 34.9*

Error 18 3.18 (24) 3.24 (26) 6.64 (24) 0.86
Broad leaved weed Treatment 13 - 13.4* (14)24.55* (12) 42.5*count Error 26. - 9.98 (28)13.49 (24) 10.99
Total weed count Treatment 14 101.53* 461.48* 531.3* 375.11*

Error 28* 3.45 17.52 32.55 24.83

Harvest
8

321,63* 
41,85 
65.61* 
9,35 

(10)25.22* 
(20) 2.85 

411.33* 
34 .26 

(10) 5.61* 
(20) 0.96 

18.85* 
12.15 
333.62* 
31.74

NBs Values in parenthesis indicate the degree of freedom for those 
characters whose df is different from the general df in the 
3rd column.

Contd.



Appendix-X. Continued

Weed dry matter

Weed control 
Efficiency
Studies on crop 
Crop dry matter

Nutrient uptake
Drain by weeds 
Nitrogen
Phosphorus

Potassium

Potato by crop 
Nitrogen

Treatment 14
Error 28
Treatment 13
Error 26

Treatment 14
Error 28

Treatment 14
Error 28
Treatment 14
Error 28
Treatment 14
Error 28

Treatment 14
Error 28

6.54*
0.44

733.11*
98.92

368.04*
45.83

24.28*
1.25
0.11811
0.007

15.19*
0.77

26.09*
2.04

5 6 7 8

35.2* 44.88* 69.45* 77.14*
1.34 2.87 6.88 5.7

350.43* 585.69* 1209.05* 1506.96*
52.8 80.11 244.95 268.45

1326.23* 8611.33* 19818.52* 93603.0*
201.16 747.82 251.55 2090.86

360.53* 600.84* 1162.95* 969.43*)
8.32 23.12 74.91 88.3
2.735* 5.24* 7.71* 7.034*
0.076 0.19 0.69 0.557

219.57* 344.65* 849.56* 1001.721*
7.38 13.64 82.14 77.104

103.31* 546.62* 1915.43* 2075.01*
9.72 37.91 13.62 57.35

Contd.



Appendix-X. Continued
1 2 3

Phosphorus Treatment 14
Error 28

Potassium Treatment 14
Error 28

Observations at harvest
Total tillers/hill Treatment 14

Error 28
Height of plant Treatment 14

Error 28
Productive tillers/ hill

Treatment
Error

14
28

Length of panicle Treatment 14
Error 28

Grains/panicle Treatment 14
Error 28

Thousand grain weight Treatment 14
Error 28

0.11*
0.01
22.18*
5.48

8

1.45* 9.33* 23.75* 12.47*
0.15 0.55 0.21 0.51

102.18* 535.63* 1244.49* 4907.14*
11 CK in  lO 12.19 R1.QQ

8. 1*
2.73

261.93*
87.44
7.02*
1 . 2

15.29*
0.08

754.04*
68.23
6.82
3.98

Cnntd.



Appendix—X. Continued
1 2 3

Grain yield Treatment 14
Error 28

Straw yield Treatment 14
Error 28

Grain s Straw Treatment 14
Error 28

Harvest index Treatment 14
Error 28

Weed index Treatment 14
Error 28

^Significance at 5% level
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abstract

Field experiments were conducted during Virtppu 
(1st crop season) of 1987 ie. from June to September at 
Agricultural Research Station# Mannuthy under the Kerala 
Agricultural University, Vellanikkara# Kerala with the 
objective of evaluating the efficiency of repeated appli­
cation of pre-emergence herbicides as well as combined 
application of pre-emergence and post-emergence at early 
post-emergence 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-emergence application of propanil alone. The experi­
ment was carried out in R.B.D, with three replications.

The dominant weeds were Isachne miliacea, Saccoleoois 
Interrupta and Echinochloa colons in grasses# Cyperus iria 
in sedges and Ludwlala parvlflora and Aramania bacclfera 
in broad leaved weeds. Control of Bchinochloa colons and 
other grasses were most effective in the treatment where 
thiobencarb was repeated at zero and 20 DAS whereas repeated 
application of butachlor at 0 and 20 DAS controlled the 
sedges effectively. Higher weed control index and weed 
control efficiency were noticed when thiobencarb applied at



aero days was repeated after 20 or 30 days or followed up 
with propanil at 30 days or a handweeding at 40 days, 
compared with the single pre-emergence application of - 
thiobencarb at. zero days only.

Weed management through the thiobencarb 0 + 20 days 
treatment was more effective in improving the growth, 
yield attributes and yield of rice and gave higher grain 
yield on par with that of hand weeded plot.

The benefit/cost ratio also worked out to be maximum 
in the thiobencarb 0 + 20 treatment, proving it to be the 
most effective and cheapest method of weed control in dry 
sown rice.




