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INTRODUCTION

Rice ‘Qryza sativa (L) is the staple food crop of Kerala
and it is the main source of energy to more than 50 percent of
world population., Total area under paddy in our state is
7+78 lakh hectares producing 13,06 lakh tonnes (Anon, 1985).
Thus the average yield of rice in our state 1s'very low
(1678 kg/ha), Among the many factors that contribute to
this low yleld, the part pleyed by weeds is quite substancial,

Without weed control, yield reduction would occur
despite improvement in any of the cultural practices, Weeds
are probably present in every hectare of rice grown In the
world, Therefore it is often pointed out that Yagriculture
is a fight against weeds®™, To achieve the level of rice
production, required to feed an over increasing population,'
new strategles for weed management must be developed and old
strategies re-examined (De Datta, 1981).

Gopalakrishna Pillai and Rac (1974) estimated that the
reduction in rice yleld due to weeds alone 15 to the tume of
15-20 percent in transplanted rice, 30 - 35 percent in direct
seeded rice under puddled condition where as it exceeds 50 pere
cent In direct seeded upland rice,

Based on 108 dry season trials and 176 wet season trials
in farmers fields in Philippines, 11 = 13 percent yield gap is



accounted for beiween farmers weed control practices and

improved weed control techniques (De Datta, 1981).

Out of the total area under rice in Kerala, 3.43 lakh
hectares are cultlvated during Virippu season, 3.52 lakh
hectares during Mundakan season and 0.83 lakh hectares during
summer Season., .Of these weed problem is more during the first
e¢rop Viripnu season, Sizable area of first crop and majority
area of second and third (summer) crops are transplanted

(Anon, 1985).

Weed management has always been one of the major inputs
for rice production, because a large portion of the total
labour required traditionally has been devoted to weeding..
Competition between weed and crop plants are mainly for
nutrients, water, sunlight and space, Direct and most
important loss due ﬁo weeds 1s the reduction in crop yield
resulting from the competitlon for the above factors. Further
the weed infestation deteriorates the quality of rice, increa-
Ses cost of operations such as harvesting, drying and cleaning.
By altering the micro climate and serving as alternate host,

the weeds harbour pest and disease organisms.

Till now weed research in our state has been concentrated
more on weeds and weed control for individual crops in
individual secasons. Now the strategy reduires a change.
Cropping system approech has to be adopted for effective and

economic weed management,



Yeed research in cropping system concentrates on
the management of weedsg by all aveilable methods throughout
the cropping pattern. Sinece the weed community in our
Pield is determined largely by previous cultural practices,
we are interested in the long~term effects of our control
- measures, With intensive cropping under high management,
weed gpecles commonly shift towards the difficult to control
grasses and sedges (Anon,197%4).

With high rates of chemicals continuously being -
applied, the weed community rapidly shifts. In a two
season weed study at T R R I, it was found that butachlor
at the rate of 1.2 kg a.i./ha shifted the weeds in the second
season to an almost uniform stand of the difficult to control
Cyperus rotundus under low corn populaticn (Anon, 1974).
Tt was also found that in all crops tested, the ﬁeeds shifted
towards Cyperus spp.as chemicel rates increased.

Repeated applicatiOn of herbicides at high rates,
season after season may lead to high residual toxicity in
the field, Tt will also affect the employment potential of
human labour available in our country, Unscientific use of
herbicides at exorbitant rates may iead to the poliution of
atmosphere end water. This will be detrimental to other
organisms living in water and associated media, besides
causing health hazards to human beings and other animals,



So a suitable weed management technique for a rice based

cropping system is highly essential,

The present investigation was undertaken'to find out

a suitable weed management technique for a Rice-Rice cropping

system with the following objectives.

1.

2,

3.

5.

To find out a suitable weed management technique for
low land rice,

To find out the effect of herbicide treatment on weed

. Species in rice crop.

To find out the residugl effect of herbicides on weeds

of succeeding crop,

To find out the effect.or weed management on yield
and quality of rice,.

To work out the economics of weed management in rice

cultivation,
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REVIEW OF LITERATURE

Research on weed management in rice based cropping
system is in its infancy and as such available literature
on this aspect is very meagre. A brief review of the work
done on weed control in rice fields especially in tfansplanted
rice is presented in this chapter under the following headings.,

T, WEED SFECTRUM TN RICE FIELDS

1Y, CROP=-YEED COMPETITION

1+ Critical periocds of growth
2., Competition for nutrients

3+ Influence of competition on growth, yield
components, yield and quality of rice,

IIXI. METHODS OF WEED CONTROL
1. Hand weeding

2+ Chemical weed control
i. Nitrofen,
ii., Butachlor.
1ii. Thicbencarb.
iv. Fluchlorelin,
V. Pendimethalin,
3. Weed management in cropping systems




1V, EFFECT OF HERBICIDES ON GROWTH, YIELD COMPORENTS,
YIELD AND QUALITY OF RICE

V. UPTAKE OF NUZRIENTS BY WEEDS AND RICE
VI, HERBICIDE RESIDUE IN RICE FIELDS

WEED SPECTRUM IN RICE FIELDS

Qeed flora varies widely with respect to varying
cropping situations and regions. The weed flora found in
the upland pice is different from those in wetland rice,
The weeds assooiated.with thg cultivated crop gets all
the favouéable conditions given to the erop for its growth
and multiplication, 1In the case of rice, weed flora has
been studied’ in detail all over the world. The review on
the yeed spectrum in rice fiel&s i1s summarized below,

Fredominant weeds found in the rice fields of
Coimbator were Echinochloa crus-galii, BE. colonum, Cyperus
difformis, C. gggg_andlﬁarsilea guadrifolia (Mohamed Al4
and Sankarar{, 1975)« 1In the rice fields of Pattambi,
Kerala, weéds commonly found were Echinochloa crus-galli,
Brachiaria épp;, Cleome spp. and Fimbristylis miliacea
(Nair et a1'..1975).

In a survey, Horng (1976) found 39 species of weeds
in Taiwan covering a total of 282 sample paddy fields during




the first and second crops under flooded condition., Among
them Monochoria vaginalils, Cyperus difformis, Echinochloa
erus-galli, Rotala indica and Lindernia pyxidarias were the
most widely distributed, '

Important weeds found in Tamil Nadu according to
Mohamed Ali et 8l (1977), were Echinochloa crus-gaili (L)

Beauv, E. colona, Digitaria sanguinalis (L) Serop, Paspalam
Spp., Dactyloctenium aegyptium (L) Beauv, Leptochloa
panicoides (Presl) Hichts, Cyperus difformis (L), Scirpus
spp., Ipomoea reptens Poir, Melochia corchorifolia (L),
Leucas aspera Sprong, Phyllanthus niruri (L), Marsilia
quadrifoliats, Eichhornia crassipes (Mart) Solms, Ammenia

baccifera (L) and Monochoris vaginalis.

At the Rice Research Station and Instructional Farm,
Mannuthy, Sreedevi (1979) observed 32 different species of
weeds in the first crop season of 1978 of which broad leaved
weeds dominated followed by grasses and sedges, According
to De Datta (1981) most important weeds under transplanted
rice culture in India were Echinochloa 8pp., Ischaemum
rugosum, Cyperus spp., Scirpus spp., Bergia ammannioides,
Cvanotis axillaris, Eclipta alba, Ludwigia parviflora,

Marsilia guadrifoliata and Sphaeranthus indicus, John (1931)
reported that important weeds observed in the rice fields at

lMoncompu, Kerala were Echinochloa grus-galll and E. colonunm




anong grasses, Cyperug iria, C., difformis and Fimbristylils
miliaceae among sedges and, Monochoria vaginalis Ludwigia
parviflora, Mersiiia quadrifolia and Lindernia sp. among

broad leaved weeds.,

The predominant weeds found at Vellayani by Sukumari

(1982) were Echinochloa crus-gslli, E: colona, Brachiaria

‘ gggggg, Ischaemum rugosum, Fimbristylis miliacea, Cyperus
‘;gég, Monochoria va inalis, Ludwigia parviflora and Marsilia
guadrifolia, Ueed species comnonly found in the irrigated
wet 1andsuof Interrational Rice Research Institute were

Echinochloa crus=galli, E. glabrescens, Monochoria vaginalis
and Pasgal am distichum (Anom, 1983),

Predominant weeds found at Kayamkulem, Kerala during
the Tirst crop season were Brachiafia ranosa, Echinochloa
colona, E, crus-gallig Sacciolepis indica Cyperus iria,

C. rotundus, g;gggg viscosa and Monochoria waginalis
(Lakshm;,1983). In the Kharif (monsoon) and winter seasons
of 1983-84, dominant weeds found in Tamil Nadu by Subramanian

and A1 (1985) were Echinochloa crus-galld among grasses,
| Cyperus difformis among sedges and Eclipta glba among broad
1eaved weeds,

Shad (1986) reported that the major grass weeds found
in Pakistan were Echinochloa Spp., Paspalam distichum,




B. scrobiculatum end Cynoden dactylon. Scirpus sp.,
Cyperus spp,, and Fimbristvlis littoralis were the important

weed sedges while Sphenoclea zeylanica, Marsilia minuta,
Sagittaria spp. and Ipomoea aquatica represent the main

broad leaved weeds,

Summarizing the findings of above workers, most

important weeds widely seen in rice can be listed as follows:

Grasses - Brachiaris platyphylla (Griseb) Stapf

Cynodon dactylon (L) Pers
Echinochloa colona (L) Link

Echinochloa crus-galli (L) Beauv
Ischaemum rugosum Salisb |

Sedges = Cyperus difformis (L)
Cyperus iria (L)

Cyperus rotundus (L)
Fimbristylis miliacea (1) Vahl

Broad leaved weeds =
Ammania baccifera (L)
Ammania multiflora (L)

Eelipta alba (L)
Eichhornia crassipes (Mart) Solms

Ludwigia parviflora Roxb

Marsilia quadrifoliata (L)
Monochoria vaginalis Fresi



CROP WEED COMPETITION -
1+ Critical periods of growth

Chang (1970) reported that weeds emerging at 15, 30,
45-and 60 days after transplanting reduced yields by 69,
47, 28 end 41 percent respectively. According to G411l and
Kolar (1980), the most critical pericd of crop-weed competi-
“tion 15 rice crop was four to six weeks after transplanting,

Mohamed Alilet al (1977) iﬁund that the period of
weed‘freeléondition required.was 20 days after transplanting
which ensured more prnductive tiliers and higher yields in
rice. .They also opined that maintaining weed free condition
beyond three wecks did not enpaﬁce the yicld significantly,
Singlachar et al (1978) observed that the oinimun weed free
pericd after transplanting for optimun grain yield in the
dwarf and tall types were 45 and 30 days rESpectively.

For the short duration vagiety Triveni, the critical
period of competition wags foumd to be between 21 and 40 days
after transplanting (Abraham Varughese, 1978). Tillering‘
was reported to be the critical growth phase most affected
by weed ccmﬁetition.' Competition‘pfior to panicle initiation
staée affected the development and tﬁe number of spikeleté
(Gnosriaz,waﬂ_. Sultumari (1982) rovealed. that grain and
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straw ;ylolds suffered maximum from weed ‘competition during
21 to 40 days after sowing the rice variety Triveni.

Ali and Sankaran (1984) reported that for higher yield
in low land rice, the crop should be kept free from weeds
during the first 50 days in the monsoon season and 30 days in
the summer ‘Season. They also- found that Echinochloaifcrus-galli
: obmpeteg with rice at all stages.while competition of Cyperus

diffo;mis‘was severe ‘in early stages,

i

'Thelﬁéview:bf critical pe£iods of drop-ﬁeed competition
shows that competition cah;ed by weed is gevere in the‘eéﬂ:y
stages of crop growth and it varied with the type of rice
eillture and the duration, Fbr transplanted rice, the minimum
weed free period required is 20 to 45 days, !
2. 'Cdypétitidnliof»nutrients '
baetors like nutrients, water and 11rht were considered

to be of maJor 1mportance in determining the nature and extend
of crop-waed «compatition (Moolani and Sachan 1966). Since
the present 1nvestigation mainly pertains to nutrients,

literature .on competition for nutrients alone is presented‘

Ravindran (1976) opined that nitrogen uptake by weed
was negatively correlated with nitrogen uptake by the crop.



Kekati and Mani (1977) found that increasing the levels

of nitrogen suppressed weed growth and Iruthayaraj (1981)
observed that weed growth was greater under low levels

of nitrogen. Sukumari (1982) reported that unchecked weed
grovth in rice removed 44,21 kg N, 15,90 kg P and 21.48 kg X
per ha at harvest. According to De . _ . . and Mukhopadhyay
(1983), emong the weed species, Monochoria vaginalis (L) end
Ammania baceifera (L) were the heavy feeders of nitrogen,
while Eclipta alba and Monochoria vaginalls were the high
phosphate consumers and Morechoria vaginalis (L) anqd
Ludwigle parviflora (Roxb) were the ranked potassium
absorbers. According to Lakshmi (1983), weeds competed
with rice crop for nitrogen upto the 60th day of dié@ing
and in the case of Phosphorus and potassium upto harvest,
Mukhopadhyay et al (1985) reported that uncontrolled weeds
in rice removed 4.50 kg N, 1.87 kg 9205 and 6.85 kg K50 per ha
at 60 days after transplanting.

Above review shows that even though competition for
nutrients existed through out the crop period, maximum
competition is in the first half of the growing season and
the competition is more for nitrogen followed by potassium
and least by phosphorus. Monoehoria vaginalis compete
for all the major nutrients,



3« Influence of competition on growth, yield
components, yield and quality of rice.

Weeds cause two types of crop losses. The most
important one is the direct effect on yieid resulting from
competition. Second is the indirect effect from reduced
crop quality, Weeds increase the cost of operations such
as weeding, harvesting drying and cleaning (Moody, 1977).

Echinochloa crus-galli (L) Beauv and Cyperus difformis
(L) emerging 15 days after transplanting caused 72 and 60
percent yisld reduction respectively. Weed infestation of

100-200 weeds per'ma reduced grain yield by 51 to 64 percent

compared to weed free plot:(Chang, 41970).

Gopalakrishna Plllal and Reo (1974) estimated the
yield reduction in rice due to weeds as around 15-20 percent
for transplanted rice and according to them the potential
loss in production of rice in India would be about 15 nillion
tonnes per anmum, Tiller number, panicle number and number
of grains per panicle were reduced due to weed competition
in the urnweeded plots (Narayana Samy, 1976). Yamo gishi et al
(1976) found that leaf area index of crop plant was decreased
in weed infested plots. The extent of yield reduction in
unweeded plots at twelvg locations of A1l India Coordinated
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Rice Improvement Project was reported to be around 35
percent (Anon, 1977).

According to Chosrial (1981), tillering was the
critical growth phase most afﬁeoted by weéd competition.
Competition at panicle initiation stage affected the
development.and the number of spikelets. He calculated
that weed competition lovered panicle number per unit area
by 37 percent, mmber of filled grains per panicle by |
13 percent and weight of thousand grains by four percent.
At International Rice Reséarch Institute, De Datta and
Hoque (19825 recorded the yield losses due to weeds frem
9 to 83 percent.

&t Vellayani, Kerela, Sukumari (1982) found that all
the growth and crop yield characters|exqept plant height,
LAY and‘test welght of grains were affected by the weed
competition. She recorded the least protein.content in
unweeded contrnl plot., She also reported highest protein
in grains obtained from plots which were kept weed=free
from 1-60 days., Yield attributing factors like number of
productive tillerslper hill, length of the panicle, weight
of the panicle and number of filled grains per panicle,
wére adversely influenced by c&mpetition with weeds, Ali
and Sankaran (198&) reported that during the monsoonland
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sumer seasons, unchacked weed growth in low land rice

caused 53 percent reduction in paddy yield.

The review reveals that unchecked weed growth
adversely affects the growth and yield characters like
tillering, panicle number, number of total grains as well
. aalﬁercentége of £illed grains and quality of rice. The
| yield reduction due to weeds in transplanted rice varied
Ifrom 10 to 40 percent. '

' METHODS OF WEED. CONTROL

Based on 108 dry season trials and 176 wet season
trials in farmers fields in Philippines, 11 to 15 percent
of the yield gap is accounted for ‘between farmers weed
| control practices and 1mproved weed control practices
(De Data and Carica, 1930),

Among the different methods of weed control being
'adopted by farmers, 1mportant ones are hand weeding and
chemical weed control. ’ '

1+ Hand weeding

Sc” olari and Youn.g 1 975) found that two hand weedings
20 and 40 days after sowing decreased weed population and
nutrient upiake by them and gave higher grain yields,



They concluded that for small holdings, using family labour,
traditional methods remain the most economical.

Chang et al (1976) reported that the cost of manual
vweed control is about 90 times more than chemical weed
control. Ravindran (1976) opined that,hand weeding on 20th
. and 40th day of transplanting rice though increased the
yield, the net profit was lowered due to increased labour
charges. Experiments conducted at Indian Agricultural
Research Institute, by Kaushik and Mani (1978) revealed
that hand weeding treatments (hand weeding alone and hand
weeding p1u3-3lpércent urea) gaﬁe most effective weed control
and - increased grain yield and: plent prpductivity.

Sukumari (1982) suggested two hand weedings on 20th
and 40th day'tq‘be as effective as Qeed-free condition
during 21-40 days Qr'keeping'f;eld weed free from 1 to 60
days. Under semidry condition, Laksﬁmi {1983) observed
that hand weedings on‘15th and 30th days suppressed total
" weed population which was as good as the chemical treatments.,
She also reported.#hat herbicide treatment gave higher net
profit than hand weeding., Ali and Hao'(1985) opined that
hand weeding twice was less effective in controlling
Echinochloa crus=galli (L) compared to herbicide combinations,
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Hand weeding is still the most effective and common
method of weed control in almost all countries especially
under unfavourable conditions. When the area 'is limited
and family labour is available or local labour is cheap,
hand wee@ing is ecﬁnomical.

2. Chemical weed control

Modern farming relies heavily on chemicals for -
pfotecéing crops from weeds., In many instances, herbicides
offer the most practical, effective and economical means of
reducing weed competition, crop losses and production costs.
Effect of commonly used pre-emergent herbicides in rice
1ike nitrofen, butachlor, thiobencarb, fluchloralin and
pendimethalin and their herbicidal activity are reviewed here,

i. Nitrofen,

Pre-cmergence application of nitrofen at the rate of
2.5 kg per ha gave selective control of grasses, sedges and
broad leaved weeds and promoted yield in heavy soils of
mediun fertility (Verma et al, 1978). Singh et al (1979)
observed that nitfofen at the rate of 2 kg per ha as poste
emergence gave good weed control in rice,

Mulkhopadhyaya and Mondal (1981) found that nitrofen
2 kg per ha in granular form applied on the sixth day of
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transplanting vrice in the Kherif season of 1979 gave the
highest grain yield. Granular formulations of nitrefen

3 kg per ha broadcasted on the third day of transplanting,
reduced weed population than hand weeding and gave higher
paddy yield (Rao and Gupta, 1981),

., Under semi-dry condifion, Lakshmi (1983) observed
that nitrofen at 4,875 ké a;i.fper ha controlled monocot
weed population throughout the ¢rop growth and suppressed
weed dry matter accumulatidn. Nitrofen also recogded,a

weed control efficiency of more then 786 pereent, .

34, Butachlor.

Posh (1975) reported +that granular formulation of
butachlor at the rate of 20 kg/ha controlled grasses '
efﬁectivgly, but did not control sedges and broad leaved
weeds. In transplanted heavy soils during Kharif 1975
Verma et al (1978) observed that butachlor 1,5 kg per ha
_ gave. selective control of grasses, sedges and broad leaved .

weeds and promoted grain yield,

Among the granular herbicides evaluated by Fareira
. and Ghosh (1980) in transplanted Kharif rice, butachlor

3 kg per ha was found to be the most effective treatment
along with thiobencarb 3 kg per ha, both in terms of weed



control and rice yield.‘ Application of 1,5 kg butachlor
Reda per'ha 2=3 days after transplanting four rice cultivars
gave peddy yields similar to those obtained in weed free
plots (Chela and G111, 1981).

A comparative study ‘conducted in rabi season of 1981
by Sathasivan et al (1981) to evaluate butachlor emulsion
when applied as a spray or mixed with sand for control of
'weeds in tranSplanted rice, revealed that there was no
difference in field performance and crop safety. Singh and
Sharma (1981) recorded reduced weed dry matter production
and also increased grain yield from 2137 kg to 3500 kg per ha
due to butachlor EC and G application in transplanted rice,
Shahi (1985) observed that butachlor (std, herbicide) had
equivalent herbicidal effect to that of 1.5‘kg thiobencarb
and pendimethalin, Samapr Singh et al (1986) observed that
Macpete increased grain yield by 68,51 percent compared to
weed# check (2.35 t per ha), decreased weed infestation to

3 weeds per mz and in the second experimental year, yield

1

was: increased by 67.85 percent over the control,

111. Thiobencarb.

Obien and Calora (1976) reported. that thichencard at
1.50 kg per ha was effective against Echinochloa spp.,

Cyperus di;fonpis and.SEhenoclea zeylanica .but ineffective
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against Monochoria vaginalisg, Ravindran (1976) observed

in a trial during the third crop season in which six
hgrbicides were applied six days after transplanting rice

as spray that, thlobencarb 2 kg per ha was the most effective
one and gave highest yield. Yang et al (1980) reported that
Saturn is the only herbicide which reduced the total amount
of peremnial weeds and controlled annuals in rice fields,

Application of 2«3 kg thiobencarb a.i. per ha, two to
three days after transplanting four rice cultivars gave
peddy yields similar to those obtained in weed free plots
(Chela and Gil1, 1981), De Datta (1981) reported that
thiobencarb was highly effective against most annual grasses,
sedges and broad leaved weeds for a longer period. Gill and
Mehra (1981) observed “that thiobencarb 1.5 to 3.0 kg per ha
'applied three to four days after transplanting rice increased
vield components and yield. Under sewi~-dry condition,
Lakshmi (1983) noted that thiobencarb 2.0 kg a.i. per ha
controlled monocot weed population and suppressed weed dry
matter accumulation throughout the crop growth period,
Thigbencarb 2.0 kg per ha and 1,5 kg per ha recorded a Weed
Control Efficiency of more than 75 percent and 66«70 percent
respectively,

Dhananji Singh et al (1985) got yield comparable to
hand weeding 4n transplanted rice by applying benthiocarb
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1.5£kg old and new formulations. The effective control of
Echinochloa cruse alli, E. colomm, Cyperus spp. and other
weeds in transplanted rice was obtaiﬁed by applying 1,5 ke
thigbencarb per ha'within 4 DAT and resulted in a higher
yield (Shahl, 1985). 5ingh and Singh (1985) observed that
Thiobencarb was most effec#ive in controlliné weeds then
butachlor, basalin and two hand weedings, Patil et al (1586)
reported that, application of 2.0 kg thiobencard per ha

two days after transplanting reduced weed dry weight at
harvest from 58.2 to 0.2 g per 2° and increased yield to
5.70 t per ha.

if. Fluchloralin,

Fre-emergence application of fluchloralin at 0,75 kg
per ha provided selective coﬁtrcl of grasses, sedges and
broad leaved weeds and promoted grain yie¥§‘in heavy soils
during Kharif 1975 and 1976 {Verma et al, 1978).

Kahlon and Mukand Singh (1978) observed 194 and 74
percent increased yield by the use of fluchloralin over
weedy and weeded check respectively. Among the herbicides
tested by Misra et al (1981), fluchloralin at 0.8 kg per ha
applied as a soil spray before planting rice was most
promising at all levels of water management, Granulapr
herbicide formulation of fluchloralin at 2 kg per ha



applied seven days after transplanting recorded yield which
was on par with that of nitrofen and butachlor (Mukhopadhyay
and Mondal,-, 1981).

Kondap et al (1982) revealed that Basalin 45 EC
(fluchloralin) recorded the same level of yield and weed
dry matter production as that of two hand weedings. Singh
and Ghosh (1983) noted that total number of sedges as well
as total number of weeds were significantly lower in plots
tréated with fluchloralin. Use of Basalin (fluchloralin)
as a pre-eme;gencé herbicide in transplanted rice was also

suggested by Samar Singhet al (1986).

v, Pendimethalin.

Ravindran (1976) reported that penoxalin (pendimethalin)
at %5 kg a.1. per ha on sixth day after transplanting brought
down the weed growth and increased the yleld; pendimethalin (G)
gave the highest number of productive tillers per m2 and

panicle weight,

Balu and Sankaran {1977) recommended an economic dose
‘of 1.5 kg pendimethalin per ha and they recorded maximum weed
control and rice yield with pendimethalin applied six days
after tran3p1anting. But Abud'(1978) advocated pendimethalin
.gé 2.5 to 3.5 ;itres of the product per ha for rice. Moursi et al
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(1978) detected the greabest reduction in fresh and dry
weight of Cyperus difformis with stompaat 2 5 litre per
feddan (5.95 litres per ha) which was the most effective

_herbicide against Echinochloa colona and reduction in

fresh weight of E. crus-galli vas 80:9 percernit with stomp
at 1.0 litre per feddan {2.381 litres per ha). ‘Stomp was
less effective ' when applied as post~cmergence than pre-

emergence. Effective control of E. crus-galli, E. colonum,

Cyperus spp. etc. was also .obtained in trials conducted by
shahi (1985) in transplanted rice using 1.5 kg pendimethalin

per ﬁé.

° The use of herbicides in rice have indicated that
the yield recorded in many instances were better than or
on par with hand weeding., Review fupther reveals that
thiobencard 1.5 to 2.0 kg a.i. per he and butachlop 1.0 -
2,0 kg 8.4, per ha can safely be used for transplanted rice
for effective weed control and higher yield, closely followed
by nitrofen 1.5 - 2.0 kg a.i. per ha, fluchloralin 0.75-1.50 kg
asle per ha and pendimethalin 4,5 = 2.5 kg a.i. per ha,

3. Vleed Managemenf.in Cropping Systems

The perennial sedge Scifgus paritimus persisted under
continuous low land rice, but not Cyperus rotundus. Low land
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Tice grown in rotation with upland c¢rops given no weed
control measures had fewer weeds than did continuous low
land rice. This shows the advantages of planhed crop
rotations for reducing weeds and for reducing vield losses
through weed competition (Dattia and Jereza, 1976),

Moody (1977) ﬁhilé reviewing the crop sequences in
rice fields, has cautioned the importance of weed management

in cropplng system,

At thg International, Rice Research Institute as a part
of component ‘technology development and evaluation of cropping
- systenms, two trlals were being evaluated for (a) hand weeding,
(b) chemical weeding and (¢) no.weeding in continuous croéping
of transplanted riée. Prelimihaby results show that rice
grains vere highest in ta? fbllowed by b and least in 'c'
(Anon, 1978). '

"

Studies conducted by Bhandari and Moody (1981) on.the
weed comminities of cropping systems, show that the weed |
community was less. diverse in the herbicide treated rlots
‘and the number of weed speciea decreased significantly by
the herbicide for a 1onger duration in transplanted, than in
dry sown rice, Weed control practices applied to the dry
sown Ccrop qg@uced_the tota}lweed,weight in the transplanted

rice, ‘



29

Repeated annual application of butachlor at 1,50 ke,
thiobencerd + simetryne 2,55 kg, nitrofern 2,10 g and
2, 4=0 $sopropyl. 0.90 kg per ha four to six days after
transplanting rice on loam soil to control apnnual weeds
c&uacd an increase in weed dry weight creating a predominance
of the antual and perennial sedges. Those species increased
from 45 percent of the total weed population after the first
years treatment to 69 percent after the fourth year andlbroad
lcaved weeds decreaszed from 45 peﬁcent to 10 percent over the
same period (ANN et al, 1576).

In field trials conducted by Yang et al (1980), eight
herbicides were applied snmially to rice from 1972-77, plant
height and nusber of culms per hill ware a 1itile higher &n
horbicide treatments than in hand weeded plots in the first
year, but decreased siightly with cach succesaive vear of
-berbici¢e application and at ripening, horbicides decreased
stem length, panicle length and mumber of panicles per hili,
With six of the'herbicides, yields in the sixth year were
17-&5 percenﬁ lover than in the hond weeded control (6,04 t
per ha), but yields with 20 kg saturn per ha applied 10 days
after transplanting was similay o those of the hand weeded
control,

Butachlor applied to the dry sown first crop in a
rainfed cropping patitern in Bangledesh gave excellent wesd



26

control until 15 days after crop emergence., However there
waé’d’éigﬁificant'reductioﬁ in stand count of ‘BR-5'pice
anda?ieidé 'Weed weights and counts taken at four weeks
after transplanting show that butachlor had no residual
effect on the weed growth of the Second crop (Abmed and
Zahidal Hoque, 1981). o ' 1

. ,
P . LY L] Lo - [ B LI P . )

. .Bhargava et al (1982) conducted trials on cultural .
and chemical methods of controlling weeds in rice=rice and
other crop fotations;_”weed.cpﬁtrol treatments were applied
only to the first crop of a rotation and their residual
effect ‘on the second crop vere determined. In riceerice
rotation, 2 hand weedings or butachlor at 1.5 kg a.i. per ha
applied 8 days after transplanting were effective against

weeds and ‘increased paddy yields.

The above review reveals that, though there is a
decrease in weed count during second crop season eSpecialiy
certain species of weeds 1n herbicide treated plots, the -
residual effect is not sufficient to suppress the waed grﬁwth.
In Some cases, c¢ontinuous application of herbilceides was found
to have adverse effect on the yield components compared to
hand weeding. However, by planned crop rotation, weeds and

crop loss can pe reduced,
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.. EFFECT OF HERBICIDES ON GROWTH, YIELD COMFONENTS,
YIELD AND QUALITY OF RICE, -

Amoﬁg several granular herbicides tried, highest
numﬁer of tillers, increased panicle number and maximum
field were recorded in the thiobencard treated plots.
Sridhar et 31'(1974)‘attr1buted this to the better weed
control efficiency and least phytotoxicity of thiobencarb,
Chang et al (1976) observed that grain yield was closely
related to the number of panicles per m?. They got highest
grain yield by the application of 3.9 kg thiobencafb followed

by 1.5 kg butachior per ha,

Rav&ndran (1976) found that herbicide treatment
influenced productive tillers per,ma, percentage of produ-
ctive tillers, weight of panicle and percentage of filled
grains. Thiobencarb EC 2 kg pér ha recorded the highest
grain yield (4191 kg per ha) and straw yield (4756 kg per. ha)
which vwere on par with penoxalin (Gi, hand weeding and
butachlor (G). Penoxalin (G) treatment gave the highest
grain protein of 7.97 percent, Atwell et al, (1978) reported
inerease in rice quality or grade through the elimination of
weed seeds by the use of herbieides., Experiments at IRRI.
showed that thiobencarb 2.0 kg per ha recorded highest graiﬁ
yield (Anon, 1979),
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| Application of 1.5 to 3.0 kg a.i, per ha of butachlor
or thiobencarb three to four daya aftep transplanting
seedlings of five rice cultﬁ?ars grown undar’almOSt‘weed
free conditions ;9:1978-'79 incregsed'yield components ang
paddy yields (Gill and Mehra, 1981). Experiments conducted
by Lakshol (4983) showed that thiobencarb 2,0 kg a.i. per ha
and-nitrofen 1.875 kg a.i. per ha favoured plant helght,
tiller number per m® and LAT as similar to complete weed *
free condition, Thiobencarb 2.0 kg a.;. per ha gave highest
productive tillers per hill which was on par with weed free
condition. Thiobencarb 2,0 kg, nitrofen 1.875 kg, and
thiobengarb 145 kg a.i. per ha produced 14.8, 9.9.and 3.5|
percent higher ylelds respesctively than the -local practice

" of hand weeding twice, She also recorded a better eost .
benefit ratio with herbicides than hand weeding twice,

The above review reveals that Eﬁemical weed control
in general favoured vegetative characteré like plant height,
tiller numbgr and panicle characte;s likg length, welght and .
numbar of filled_grains per panicle and ultimately increaged
Yield over hand weeding and'unweeded contrdl. Among the
chemicals reviewed thiobencarb 2.0 kg a.i. per ha ranks
top in achieving magimup_growth aﬁd vield of rice,



UPTAKE OF NUTRIENTS BY WEEDS AND CROPS

‘Sankaran et a1 (1974) reported that weeds in unweeded
control removéd 62.1, 20,0, and 65,3 kg N, 3205 and K,0 per ha
respectively in rice, Shetty and Gill (1974) revealed that
the total uptake of nutrients by the crop and weed together
in a weeded plot was less than the uptake of nutrients by
the crop alone in the weed free treatments,

Ravindran (1976) found that unchecked weed growth
depleted soil 'N' to 20.86 kg per ha while a single application
of penoxalin (G) at 1,50 kg per ha brought down the uptake of
*N' by weeds to 0,95 kg per ha and considerably improved the
uptake by the crop (99.95 kg N per ha) while unchecked weed
growth resulted in an uptake of 65.54 kg N per ha by the crop.
In the same station, Abrahem Varughese (1978) observed that
the nutrient removal in weedy check was 23499, 7.92 and
30,48 kg per ha of N, P,0; and K,0 by weeds and 57.54, 28.44
and 70,04 kg per ha of N, F’zo5 and K,0 by the crop.

In weed free plots maximum uptake of mutrients by the
crop recorded as 108.8 kg N, 67.4 kg P505 and 178,6 kg K,0
per ha and in unweeded control plots the vaelues were 94.89 kg N,

61.91 kg P20 and 180,76 kg K50 for crops + weeds; indicating
an adverse effect of the crop weed competition on N and P
uptake (Nanjappa and Krishnamurthy, 1980).
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At Vellayani, Kerala again, maximum uptake of nutricnts
by crop was seen in plots kept weed free from 01-60 days
after sowing (Sukumari, 1982). Under semi-dry conditions,
nitrogen removed by weeds was lower in herbicide treated
plots than in hand weeded ones and weeds competed with rice
crop for nitrogen upto 60th day of dibling and in the case
of phosphorus and potassium upto harvest (Lakshmi, 1933).

Under all conditions, the uptake of nutrients by the
¢rop plants was highest in herbicide treated plots than the
hand weeded plots. Quantity of mutrients absorbed by the
crop in weed free plot exceeded the nutrients removed jointly
by the crop and weed ;n weedy check. Thiobencarb caused an
increase in the total dry matter production by improving
growth components there by enabled the crop for better
nutrient utilization,

HERBICIDE RESIDUE IN RICE FIELDS

Trials conducted at Taiwan revealed that, one
application of herbicldes such as butachlor, (M0-401)
nitrofen and thiobencarbd in rice does not have residues in
amounts toxic tp several upland crops that follow rice
(Anon, 1973). Rangiah et al (1974) found that Machete (G)
at 2.0-5.0 kg per ha applied & weeks after transplanting
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followed by one handweeding five weeks after planting
provided effective weed control but the chemicals themselves
1acked adequate residual activity against perennial weed
growth,

Ravindran (1976) also found that herbicides (butachlor,
thiobencarb and penoxalin) did not affect the germination of
cowpea seeds in the experimental area sown immediately after
the harvest, Application of butachlor at the rate of 1,00 kg
asl. per ha as pre~emergence herbicide to the transplanted
rice left no residual effect on the succeeding crops of
finger millet, black gram, cotton and sesamum (Mohamed Ali
and Sankaran, 1979 and 1981),

Ahmed and Zahidul (1981) found 'tha'b butachlor applied
to the dry sown first crop rice had no residual effect on
the weed growth of the second transplanted crop raised
in sequence., Even application of butachlor at 4,00 kg per ha
to rice had no residual toxicity on green gram in ¢lay soil
“(Anon, 1984), Subramanien and Ali (1935) reported that
application of 1.5 kg thiobencarb, 1,5 kg butachlor and 0.8 kg
fluchloralin did not show any residual toxicity to the following
crops such as cowpea and black gram.



MATERIALS AND METHODS
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MATERTALS AND METHODS

A field experiment was undertaken to find out a
suitable weed management technique for a rice based
cropping system. The materials used and methods adopted

are detailed below.,
Matexials

1.'§gperimenta1 Site and Cropging Histo;x.

‘The experimental site having irrigation and drainage
facilities was selected in blocks E, E5 and E6 located on
the western side of the Instructional Farm, College of
Agriculture, Vellayani. The experimental field is situated
at 8,5° N latitude and 76.9° E longitude and at an altitude
of 29.5 m above MSL. The area was under a bulk crop of

rice during the previous seasons,

1

2. Season. ¢

'The trial was conducted during the Virippu (first crép)
and Mundakan (second crop) seasons and a germination test of
covipea crop during the Punja (third crop) season of 1984-85
(May to December 1984).
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3. Weather conditions.

The experimental site enjoys a humid tropical weather
condition. The meteorological parameters rocorded were
rainfall, maximm-minimum temperature and relative humidity,
The weekly averages of all these parameters for the crop
périod, and the mean of the weekly averages for the pest ten
years are pregsented in Fig. 1 and Appendix 4.

43 Soil.

The texture of soil is séndy clay loam and acidic in
nature, The physico-chemical composition of the soil is
given below (Table 1),

Soil characteristics of the experimental fieid

A. Mechanical analysis

1. Coarse sand ve 43.24 percent
| 2, Fine sand .o 18.26 percent
3, 382t ;3 03.18 percent
L, Clay . 32.20 percent

B, Chemical analysis
1. Available nitrogen .. 311.0 kg per he

2. Available Py0g e 45,0 kg per ha
3. Available K50 s« 57,0 kg per ha
h‘o PH ®e 506

5. Oa’cdamic mafer confml™ .. 31 fag cont



s L T -

Tl

L T T T

TEMPERATURE (°C)
&
=
i

RELATIVE HUMIDITY (X)

180 —
160 —
140 —

120 u

& o © 6
s & 8 8
] | | i

»
o
]

-
-

[

RAINFALL (mm}

[=]

1 13 1 I 1 I 1 I 1T 1T 1T 1T 1. 1 ©— 1+ 17" 1™~ 1T"I """ 17 " T"T T°T9
21 22..2 24 25 26 27 28 29 30 31 32 33 34 15 36 3738 39 40 41 42 43 44 45 46 47 48 49 su 51
STANDARD WEEKS ,

HAY - JUN L JLY, AUG ] SEP . QGT . Hov L oEc

—— DURING THE CROP PERIOD

l
i1

-=ea MEAN OF PAST TEN YEARS

FIG.l WEATHER CONDITIONS DURING THE CROP PERIOD (21-5-84 TO 23-12-84) AND THAT OF THE PAST 10 YEARS MEAN




34

5. YVarieties.

The rice variety selected for the experiment was
Iriveni - the progeny of a cross between Annapurna and
Ptbe135, released by Central Rice Research Station, Pattambi,
Kerala, It is a short duration high yielding variety with
moderate tillering habits and maturing in 95-105 days,

It is widely cultivated in Kerala during all the three
seasons. Rice seeds with 90 percent germination obtained
from the Department of Agriculture, Kerala State was used

for the experiment,

Cowpea seeds (C-152) having 95 percent germination
supplied by National Seeds Corporation Ltd. was used for
conducting the residual toxicity test (germination test)
during the third crop season,

6. Manures and Fertilizers,

Cattle manure containing O.4 percent N, 0.3 percent

,Péos and 0.2 percent K50 was used for the exper&mept.

Urea analysing 46 percent N, super phosphate analysing
16 percent P;0g, muriate of potash enalysing 60 percent K50

and lime having a neutralising value of 165 were used for
the experiment,



7. Herbicides.

i. Thiobencarb (Saturn SO EC).

Saturn is a carbamate herbicide formulation containing
50 porcent active ingredient-thiobencarbe [Suﬁ (Chloro
benzyl) N, Nediethyl thiocarbamatéj . It is a product of
Rumiai Chemical Industry Company Limited, Tokyo~Japan,
which is marketed by Pesticides India, Udaipur. This is
highly selective between rice and barayard grass and applied
ags pre-emorgence herbicide. It is avallable in EC and G,

11, Butachlor (Delchlor 50 EC).

Delchlor 1s a proprietory product of Coromandel Indag
Products (P) Ltd,, Madras. The product eontaining the active
ingredient butachlor (2-Choro-2' 6' diethyl-l-Butoxy methyl
acetanilide) is available in the form of 50 percent EC.

It is a pre~cmergence herbicide with good efficiency for
controlling anmial grasses end broad leaved weeds. It is

applied as pre-emergence herbicide,
111, Pendimethalin (Stomp 33 EC).

Stoup is a proprietory product of Cynanid India Liniied
Bombay. It contains the active ingredient pendimethalin
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[:ﬂ-(1-ethy1 propyl)-2, 6-dinitro 3, A-Xylidin%] which is

the present name of penoxalin, It is available in the

form of EC and G. This is a pre-emergence herbicide used
fér selective weed control in rice, The weeds are controlled

by inhibiting scedling development.
iv, Nitrofen (Tok E=-25),

It is a phenyl ether compound used as a pre-erergence
selective contact herbicide aniit contains 25 percent active
ingredient, nitrofen (2, 4-dichloro phenyl-P nitrophenyl
ether). This is marketed by Indofil Chemicals Private
Limited, Bombay. HNitrofen is available as EC and G.

vs Fluchloralin (Basalin).

Basalin is a product marketed by BASF-India Limited,
Madras, containing 48 percent of the active ingredient
fluchloralinIiﬁ-(a-Chlorn ethyl) 2, 6 dinitro=N-Propyl-li-
trifuoro methyl anilinﬁ]. It is a pre-emergenceor pre-sowing
herbicide used for selective control of annual grasses and
broad leaved weeds, The susceptible weeds are affected

during germination or seedling emergence,
8. Sand,

Clean dry river sand of 2,0 mm size was collected and

used for preparing herbicide granules,



9., ¥ind screen.

A temporary wind screen made of cloth was utilised
To prevent spray'drift while spraying different herbicides
in the experimental plots,

10. Observation frame,

An iron frame of 0.5 X 0.5 m was used for taking

periodical weed counts,

HMETHODS

Experimental details

1. Degign and layout,
i+ First crop~Rice (Viripou)

The experiment was laid out in simple Randomised Block
Degign with three replications. There were elght treatments,
The layout plen is given in Fig. 2a and treatments are given

belew °
ii. Second crop-Rice (Mundakan)

In the second crop season, the experimental design
was split plot with non-factorial siructure in RBD using the
firét Crop season layout, Total number of treatments were
éa and replication three. The layout plan is given in Fig, 2b
and treatments are given below.

-



First crop

Thiobencarb 1.5 kg a.i./ha
Butachlor 1.0 kg a.1./ha
Pendimethalin 1.0 kg a.i./ha
Nitrofen 1.875 kg a.i./ha
Fluchloralin 1.0 kg a.i./ba
Hand weeding

Completely weed free

Weedy check

Y

TREATMENTS

Second crop

Thiobencarb-no weeding

Thiobencarb-hand weeding
Thiobencarb-thiobencarb 1.5 kg a.i./ha
Butachlor-no weeding

Butachlor-hand weeding
Butachlér-butachlor 1.0 kg a.i./ha
Pendimethalin-no weeding
Pendimethalin-hand weeding
Pendimethalin~pendimethalin 1.0 kg a.i./ha
Mitrofen-no weeding

Nitrofen-hand weeding

Nitrofen-nitrofen 1.875 kg a.i./ha
Fluchloralin-no weeding
Fluchloralin-hand weeding
Fluchloralin~fluchloralin 1,0 kg a.i./ha
Hand weeding-hand weeding

Weed free-weed free

Weedy check~weedy check
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2. Treatments.

M1 Re
b.

Co
Ma a.
b,

C»
Mg a.
b.

Ce

Ma B
. b

Ce

Vlriggu

Thiobencarb(1.5 kg a.1./ha)

=d0=-
=g 0=

Butachlor(4.0 kg a.i./ha)

udo -

Pendimethalin(1.0 kg a.i./ha)=

-do=

Ritrofen(4.875 kg a.i./ha)

~do=

-do=-
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M5 a. Fluchloralin(1.0 kg a.i./ha)«~

ba
Ce
g .
b,
C,
1, a.
b,
C,
My a.
b,

Cs

0=

w3O=

Hand weeding
~d0-~
~do~=

Completely weed
= 0=
=~(d0=

Weedy check
-@O=
wdo=

free

Mundakan

T1 No weeding
T2 Hand weeding
T3 Thlobencarb(1.5 kg a.i,/ha)

Th No weeding
T5 Hand weeding
Tg Butachlor(1.0 kg a.i./ha)

Tb No weeding
Ig Hand weeding
Tg Pendimethalin(1.0 kg a.i./ha)

T1O No weeding
Ti1 Hand weeding
Tqo Nitrofen(1.875 kg a.i,/ha)

THB‘NO weeding
T1 A Hand weeding
T4 Fluchloralin(1.0 kg a.i./ha)

T16 Hand weeding.
wd O~
~d O~
T17 Completely weed free
o=
=1 o=
T18 Weedy check
~do=-
s (e
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Individual gross plot size = 4,05 x 5.00
Weed observation area = 4,05 x1.00 m
Net plot 2'3.75 % 3.80 m
(Two rows allround were left as border rows)

In order to give the same herbiclde in three plots
each during the first crop season, three adjacent plots
of size 4,05 x 5.00 m were grouped together and applied
the same treatment. So although there are 24 plots in
a b;odk, only 8 treatments are applied during first

crop season,

During the second crop season, three adjacent plots
(previcusly grouped and received same treatment) are taken
as three .-independent piots and alloted three treatments
each viz._(i) No weeding, (1i) hand weeding and (141) same
level of same herbicide. The last three groups of plots
of first crop season ie, hang weeding, completely weed free
and unweeded control were maintained as such in second

Crop season also,

All the treatments were alloted randomly.

3. Standardisation of spraver.

A hand sprayer of 1.5 litre capacity was used for
Spraying herbicides, The discharge rate of the nozzle was



40 L ()

tested and walking time was adjusted so as to apply one litre
spray solution per 20,28 mz. All the herbicides at the
prescribed doses were applied at the rate of one litre gpray

solution per plot.

4, Herbicide application.

. The herbicides dose and Pre-emergence application of
herbicides on the 6th DT wére fixed based on the findings of
earlier workers. Considering the availability of the herbicides
in the market and variation observed in its herbicidal actiocn,
both fluchloralin and pendimethalin were included under the

treatments,

In Kerala, major area of the first crop is dibbled or
broadcasted where as during second crop season, it is
transplanted. So herbicides were sprayed during first Crop

season and it is applied as granules during uecond Crop season.

T0 compare the effect of weed manadement with herbicides
and complete removal of weeds, the treatment “completely weed
free" is also included. As cowpea is widely cultivated during
the third crop season, it isg taken as test crop for residual
toxicity study,

‘During the First Crop season, all the herbicides were
applied ag sbray on the sixth day of transplanting, after
draining the plots uniformly. The herbicide sdlution was

applied as a blanket spray in the respective plots in the
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early hours of the day to prevent spray drift., PFurther, wind

screen was used to prevent any possible wind drift during spraying.

During second crop season, all the herbicidés were applied
in granular form on thé sixth day of transplanting., Since all
herbicides are not available in granular form and those
available are in different concentrations, two percent granules
of all herbicides were formulated in the laboratory and usead
for the experiment. For thls clean dry river sand of 2.0 mm
size was mixed with individual herbicides as shown in Table 2,
so as to get twﬁ percent granules. EC forms of herbicides and
sand were mixed thoroughly using hand gloves and kept for 24 hours

for drying in the laboratory.

Table 2
Table showing details of preparation of 2% granular

herbicide for the second crop

Qty. of Otv. of Total gty.
Active Commercial AcgiVe Qty. of of Two
ingrediant pfoduct ingrediant sand percent
- ml) (a) granules
bPer plot
(q)
Thiobencarb (50 EQ) 6,00 3.00 147.00, 150.00
Butachlor (50 EC) 4.00 2.00 98.00 100,00
Pendimethalin (33 £C) 6.00 2,00 98,00 100.00
Nitrofen (25 EC) 15,00 3,75 183,75  187.50
Fluchloralin (48 EC) 4,20 2.00 98,00 100.00

Note: The commercial products were accurately measured with

graduated pipette and vaquopet.
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Then applied uniformly by hand protected with rubber gloves
in individual plots after maintaining a very thin £ilm of
standing water,

S+ Yeeding operations.

For the hand weeding treatment, weeds were pulled out
menually on the 20th day of transplanting (20th DT) and 40Cth
'day of transplanting (40th DT),

In order to maintain the completely weed free condition
in plots of treatment number H7 dubing first crop season and
treataent number Tﬁ? during second crop season, regular hand

weedings were done as and when the weeds appeared,

Detalls of cultivation

All the cultural practices except weed management were
carried out as per the package of practices (1982) recommended
by the Kerala Agricultural University.

1e Nursegg.

The nursery to get sufficient number of rice seedlings
vas raised under wet system,
2, ¥ain field, |
The experimental aree was initially ploughed with bullocks.



Plots of 4.05 x 5,00 m size were laid out with 24 plots
in each block. The plots and blocks were separated with
bunds of 30 and 60 cm width respectively. Irrigafion and
dfainage channels were provided for all plots. The plots
were dug twice, puddled and levelled individually,

Cattle manure at the rate of 5 t per ha aend lime at
the rate of 360 kg per ha were applied uniformly to all
plots, at the time of first digging.

Fertilizers were applied in split doses so as %o
'get 70 kg N, 35 kg F205 and 35 kg K20 per ha. Fifty percent
N, full.Pé05 and 50 percent K50 were applied as basal dose
Just before planting and the balance 50 percent N angd 50
percent K20 were applied as top dressing at panicle initiation
stage. | I

Elghteen day old seedlings were transplented at a
spacing of 15 x 10 cm and at the rate of two seedlings per
. hill,

., Date of sowing, transplanting and harvesting are

furnished below,

First orop Second crop-
) Sowing in the mursery = 25-5-g4 1=9=8%

Transplanting 7 12-6-84  19-9-8h
Harvest . O=0=84 81284

Total duration 104 days 98 days
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5. Plant protection.

Three prophylactic sprayings with (i) Nuvacron 40 EC
at the rate of 600 wl per ha at tillering stage (£i) Sevin
20 WP at the rate of 2.5 kg per ha at flowering and
(111) Sevin 50 WP at the rate of 2.5 kg per ha at milk
' stages were given for both the rice crops. There was no
serlous attack of pests and diseases. GCeneral stand of the

Crop was good,

4, Water management,

The water level was maintained at about 1.5 cm during
transplanting, There after it was gradually Increased to
about five cm upto 10 days prior to harvesting, after which
the plots were completely drained.

5. Harvesting,

All the border rows and plants left in the weed
observation area were harvested first, Then the net plots
were harvested individually, bundled ahd numbered and taken

for post harvest operations.

6. BHerbicide residual toxicity study,.

To find out the residual toxicity of the herbicides

applied during first and second creop seasons, an area of



oﬁe s¢.m> in the middle of each plot was prepared after

the harvest of second crop of rice, for sowing cowpea seeds.,
Rhizobium treated 100 ééeds‘of cowpea cv c-isa wefe unirprmly
sown in each of the treatment plots on 15—12f8h arid germination
wes assessed on 10th day of sowing and recorded.

 OBSERVATIONS

An area of 4.05 x 1,00 m was set apart cn the same side
of each plot for periodical weed observations., Biometric
observations and yield were recorded from the remaining area
of 4,05 x 4,00 m discarding two border rows allround,

Observation on Weeds

1. Weed species.
- ‘The weeds collected from the experimental site before
the experiment and during the experiment were identified and

gpoupe@ into grasses, sedges and broad leaved weads.

Even though weed species identified were érouped into
grasses, sedges and broad leaved weeds, while counting them
at periodical observations, they were grouped into monocots
and dicots.. This has become necessary because at the time
of counting and weed removal it has become difficult to

differentiate grass-and sedge seedlings due to their very
small size,
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2. Weed population,

Weeds were collected from an area of bne m2 fron
the weed observation area on the 20th D? and 40th DT
and at harvest, They were pulled out, washed and
identified; grouped into monocots and dicots and counted
separately, Veed population was expressed as number of

monocot, dicot and total weeds per m?.

S« Dry weight of weeds, .

The weeds taken as mentioned above were‘first Sun-
dried and later oven=dried at 70°C till it fecorded constant
weight. The dry weight of total weeds were recordedlon the
20th DT and 40th DT and at harvest and -expressed in g per mz.

&L, Veed control efficiency.

‘ Weed control efiiciency was calculated by using the
following formula
WCE = x—;xx 100

X = Veed count from the unweeded control plot or

treatment which recorded maximum number of weeds.

Yy = VUeed count from the treatment for which weed control

efficiency is to be worked out,
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Observation on Crop

1. Crop growth characters.,

For periodical observations, three sempling units
. of two hills x two hills were randomly selected in each
plot {Gomez, 1972) and the following observations were

- rgcorded,
i. Height of the plant.

Plant height in cm was recorded on the 20th DT
and 40th DT and at harvest from one hill per sampling
unit. Height was measured from the base of the plant to
the tip of the loﬁéest leaf or to the tip of the longest

earhead whichever was taller (deez, 1972).

ii, Number of tillers por ma.

Tillers on all the four hills of each sempling unit
were counted at maximum tillering .stage and the number of

.tillers per m2 was worked out.
111, Leaf Area Index.

Leaf Area Index (LAI) was computed at the flowering
. Stage as guggested by Gomez (1972).



Ten semple hills (at random) were selected from
each plot and the tiller number of each sample hill was
counted. Maximum width and length of each leaf of the
middle tiller were measured and computed the area of each
léaf based on the length-widthnfactor method, LAI was

computed as shown below,

Value of adjuatﬁent factor used is K = 0.67 on the
EOth day of tranSplanting and at harvest and 0.75 on the
40th day of tranSplanting.

Sun of leaf area per hill of six sample hills(cma)
Area of land covered by siz hills (cm2)

LAI =

24 Yleld_ﬁomponents.
2

i. Panicle number per m<,

At harvest, productive tillers from the three sampling
‘units (12 hills) were counted and number of productive

tillers per m2 wvorked out, _ : !

ii. Length of the panicle.

Length of the main culm panicles of &1l hills in a
sempling unit were measured and moan worked out and
expressed in em. -
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iii. Weight of the panicle,

All the panicles in the sampling unit were welighed

and computed as weight per panicle.

. iv. Number of filled grains per panicle.

The main culm panicles from all the 42 hills were
separated based on height, threshed and the numbor of
£illed grains (f), the number of unfilled grains (u) and
the weight of filled grains (w) ﬁere determined,

The rest of the panicles from all the 12 hille were
threshed and the number of unfilled grains (u) and the
weight of £iiled grains (W) assessed.

From this dafa, the number of filled grains per

.panicle was calculated using the formula given below

(Gomez, 1972).

Number of filled grains per panicle = é p 4 ¥ ; b

wvhere P 1s the total mumber of panicles from all the 412 hills.

Ve Thousand grain weight,

From the values obtaiped for calculating the number
of filled grains per panicle, thousand grain weight was

‘calculated and adjusted to 14 percent moisture using the

following formula given by Gomez (1972).

R

~0
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Thousand grain weight o —Q%— ? X 1000

where M 18 the moisture content of filled grains,

3. Yield,

.i."- Grain- yield.‘
Dry weight of grain was recorded ‘from the net

harvested area after cleaning and drying and the weight

adausted to 14 percent moisture and expressed as yield

"'in kg per hectare. '

110 Straw Yieldo ?

' The straw harvested from the net'plot was cleaned
by separating-weeds;'uniformly dried in sunlight, weighed
and expressed as yield in kg per hectare,

1ii. Crop dry mat ter prbduction.

Dry matter production of the crop was estimated at
harvest. The sum total of grain and straw yield on oven

ﬁry basis was taken and expressed in kg per hectare,

iv. Total grain yield of'first and second crops,
Total grain yield obtained from the experimental
plots during the first and second crop seasons were,asdded

together and statistically analysed.
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4, Weed Index,

Weed Index was computed by following the formula
suggested by Gill and Vijayakumar (1969},
WI = £ x 900

Where WI = Weed Index
X = Yield from weed free plot or the treatment
which recorded minimum weeds,

Yy = Yield from the treatment for which weed index

is to be worked out,

5. Economics of weed management,

Cost of different herbicides, cost of its application
and expenditure incured in hand weeding were worked out,
Calculated the increased yield obtained due to different
treétments and the income obtained based on market price
of the produce and herbicides and local labour charges,
From this, net income obtained by different weed management

techniques ware computed,

6, ‘Cermination of covpea sceeds,

Germination of cowpea seeds sown as reported earlier
was assessed on the 10th day of sowing and expressed as

percentage,
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CHEMICAL ANALYSIS

A. Plant analysis

The total nitrogen, phosphorus and potassium content
of the weed samples ¢ollected on the 20th DT, 40th DT and
at harvest were estimated. Nutrients removed by the weeds
at these staeges were estimated separately and expressed in

kg per hectare,

Four rice hills from the weed observation area of
.each treatment plot were carefully pulled out at randeom on
, ‘the 20th DT, 40th DT and at harvest and washed +o remove
the adheriﬁg seil particlesa"Then Qried first in sunlight
and later in the hot air over at 70°C ti11 it recorded
Iﬁoﬁstant dry weight,

This was’'used for estimating the total nitrogen,
phosphorus and potassium uptake of the crop and expressed

in kg per hectare,

1. Total Nitrogen.

Total nitrogen content was estimated by Microkjeldahl
digestion method (Jackson, 1957).

2, Total phosphorus.
Total phosphorus content was estimated colorimetrically
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by Vanadomolybdo phosphoric acid yellow colour method
after triple acid extraction, The colour was read in
8 Klett summerson photo-electric colorimeter at 470 ym
(Jackson, 1967).

‘3. Total potassium,’

Total potassium content of the samples were estimated
by Flame photometric method after triple acid digestion
with EEL Fleme photometef (Jackson, 1967),

4., Protein content of grains,

Protein content ox grains was computed by multiplying
the N content of whole grain by the factor 6 25 (Simpson et al,
1965).

bo Soil analysis

Composite soll samples collected prior to the commence-
ment of the experimenﬁ were analysed to determine the physical
and chemical composition and they are given in Table 1%,

1+ Mechanical analysis.

Percentage of coarse sand, fine sand, silt and ¢lay
vere determined by InternationallPipette method based on

sfoke!s law.
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2, Chemical analysis.

Available nitrogen, available phosphorus and available

potassium were estimated and expressed in kg per hectare,

- i. Available nitrogen.

It was determined by the Alkaline peraanganate method
of Subbiah and Asija (1956).

ii. Available phosphorus.,

Available phosphorus in the soil sample was estimated
by Bray's method (Jackson, 1967).

iii. Available potassium,

Available potassium was gstinmated by the ammonium
acetate method (Jackson, 1967).

iv. pH of the so0il,
pH of the soil (1:2,5 soil solution) was estimated

using a digital pH meter.

STATISTICAL ANALYSIS

ANOVA technique was used to analyse the data on all

characters under study. The data on variables which do not



follow the basic assumptions of ANOVA were transformed to
suitable forms before the statistical analysis,

The data on all characters under study of the first
c¢rop vere analysed as that of a simple Randomised Block
Design. The data on all characters of the second erop
were analysed as that of a split plot with non-factorial
structure (Federer, 1955),

The ANOVA of the second crop experiment with p = 8
(main plots), g = 3 (sub plots) and r = 3 (replications)

1s given below.

Source ‘ af,

Total - par-1 = 71
Replication = Crel = 2
Main plot - p=1 = 7

Error (1) - {r-1)(p~1) = 14

Between treatments within main plot 1 = q=% =
Between treatments within main plot 2 = g1 =
Between treatments within main plot 3 = Q=] =
Between treatments within main plot & w q={ =

LG T S T TS I 15

Between treatments within main plot 5§ = Q= =

Between control treatments within} = 3%2 = 6

main plot 6, 7 and 8 (Others)

Error (2) -« p (r-1)(g-1) = 32
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CD for comparison between the 2 HSE1
. t /
maln plot treatments L rxaq

CD for comparison betwaen the 2 MSE

sub plot trealtments r

€D for comparison of sub plot

= t MSE, (1/3 + 1/9)
treatments with control 32 V/ 2
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RESULTS

During the first and second crop seasons, the
experiments were conducted with different statistical
designs. Hence the results and discussion are presented

separately,
FIRST CROP SEASON (VIRIPEU)

Observation on Weeds

1. Weed species.
Weeds were collected from the experimental plats

before and during the experimentation. Weed species were ‘
identified and grouped into grasses, sedges and broad leaved
weeds and presented in Table 3. The predominant weeds were
Brachiarig ramosa, Echinochloa colona, E. cruse alli,

Cyperus irias, Fimbristylis miliacea, Ludwizia parviflora,
Marsilia guadrifoliata and Monochoria vaginalis,

2. Weed pobulation.

Weed observations were taken on the 20th day of
transplanting (20th DT) and 40th day of transpianting (AOtﬁ pT)
before hand weeding the plots. M, plot was kept weed free '
through out the period by removing weeds as and when appeared.
Since weed count in M7 was always zero, it is not mentioned
Separately. Herbicides were applied on the sixth day of
transplanting,
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List of weeds found in the experimental fielad

No. Scientific name Family
A, Grasses
1. Brachiaria ramosa (Griseb) Stapf Gramineae (Poaceae) p.
2. DBactyloctenium aegypti um (L) Beauv ~do=
5. Echinochloa colona (L) Link N Q
4. Echinochloa crus-zalli (L) Beauv =do= o
5. Ischaemum rugosum Salish -do- o
6. OQryza sativa var. fatua (L) ~do=- a
7. Panicum repens (L) ~J0- p
B. Sedges
1. Cyperus difformis (L) Cyperaceae a
2. Cyperus iria (L) =do- o
3. Cyperus rotundus (L) ~do= p
4. Fimdbristylis miliaceame (L) Vvani -do- o
5« Scirpus articulatus (L) wd Q- P
C. Broad leaved weeds
1. Alternanthera sessilis (L) g.gp. "y Amaranthaceae Qa
oth
2. Amgania multiflora (L) Lythraceae o
5. Ludwigla parviflora (L) Roxb Onagraceae a
4. Limnophile heterophylla Benth Scrophulariaceae
5. Marsilia quadrifoliata (L) Marsileaceae P
6. Monochoria vaginalis (Burmf) Presl Pontederiaceac Qo

a =
P =

annual
perennial
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HMonccot, dicot and total weed population were taken
from a sampling area of 0.5 e and converted to weed count
per square metre and analysed after /X + 1 transformation,

Hean values of weed count are presented in Table £,
A, Monocot weeds

i. 20th day of transplenting.

The data presented in Table 4 show that the lowest
weed count was in Mh vhich was on par with MH followed by Mé
which in turn was on par with M3 and MS. Highest weed count
was in MS which was on par with Mﬁ; but both were significantly

inferior to all other treatments,

ii. 40th day of transplanting

The lowest weed population was. observed in Mh which was
on par with M1, Mé, MS and Mg. ﬂj inturn was on par with M.,
The highest weed poPulation was observed in MB which was also
on‘par with Mﬁ.

i1ii. At harvest

m& continued to record the lowest weed count and it was
on par with Mﬁ, Y Mé, MS and Ms. Mé which recorded the
highest weed count was significantly inferior +o all other

treatments,



Table 4

¥eed population per > - stage wise - first crop

freatments

Group 20th DT 40th DT Ar harvest
as Monocot M, 31.26 (5.68) 178.56 (43.40) 200.64 (14.20)
weeds  p, 77,68 (8.87) 222.50 (14,95) 267,96 (16.40)
My 103,04 (10.20) 259.18 (16.13) 312.64 (17.71)
M, 19.43  (4.52) 117.16 (10.87) 19k.44 (13.98)
Mg 113,69 (10.70) 341.62 (18.51) 382.38 (19.58)
Mg 203,20 (14.29) 229.74 (15.19) 228,52 (15.15)
M 0 (1.00) 0 {1.00) 0 (1.00)
Mg 198,09 (14.11)  529.38 (23.,03) 555.49 (23.59)
¥7, 29, igwx 9. 30 5.19%x
cD 2.610 6.579 6.534
SE 0.86 2,17 2.15
b, Dicot M, 13.62 (3.69) 25,52 (5.15)  21.09 (4.70)
veeds M, 19.10  (4.37) 24,40 (5,04) 20,90 (4.68)
sy 18.45 (4.41) 21.85 (4.78) 22,62  (4.86)
M, 9.89 (3.30) 22.52  (4.85) 21.94  (4,79)
Mg 16.64  (4,20) 24,60  (4.96) 21.28 (4.72)
Mg 35.00 (6.,00)  28.92 (5.47) 26.56 (5.25)
M, 0 (1.00) o (1.00) 0. (1.00)
Mg 35.48  (6.04) 62,84  (7.99) 42,03 (6.56)
F7, 14 h.gs** 6.4 % 401
CD 2.028 2.344 2,462
SE 0.67 0.77 0,81
c. Total M, 44,02 (6.71) 218.04 (14.80) 236,48 (15.40)
weeds 100,20 (10.06) 259.82 (16.15) 209,33 (17.33)
My 114,56 (10.75) 294.15 (17.18) 347,94 (18.68)
M, 29.91  (5.56) 142,52 (14.98) 220.41 (14.88)
M 130,79 (11.48) 372,26 (19,32) 413,72 (20.34)
Mg 236,16 (15.k0) 259.82 (16.15) 246,43 (45,73)
M, 0 (1,00) 0. (1.00) 0 (1.00)
My 230,65 (15.22) 591.43 (24,34) 508.27 (24 ,48)
7. 14 35,07%* 11,2345 10.48%#
CD 2,523 6,318 6.397
SE 0.83 ¢Z,08 2,11
Note: Figures in paranthesis are the /x s 4 transformed figures.

#% signficant aF o-o1 fvel
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B. ID:lcot weeds
1, 20th day of tremsplenting |

My, recorded the lowest weed count and was on par with
all other herbilcidal treatments, My vwhich recorded the
highest weed count was on par with Hg and both were signifi-
cantly inferior to all herbicide treatments,

11, 40th day of transplanting

. The lowest weed population was observad in r-13 which
was on par with Ms l-25', Ma, H,, and Mg, Ma which recorded the
highest weed population, was significantly inferior to all

other treatments,
111, At harvest

M, recorded the lowest weed count which was on par with
all other treatments and Mg recorded the highest weed count.

C. Total weeds
1. 20th day of transplantmg'

The lowest weed count was observed 1n My, which was on
par with 1-51 and both were significantly superior to other '
treatments, while “2 vas on par with M3 and M5. The highest
weed population recorded by !—!6 was on par with Ma and hoth
wers sigx_:ificantly inferior to all other treatments. )
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ii. 40th day of transplanting

4, which recorded the lowest weed count was on par with
ma, Mé, Mg and Mz. The highest weed count recorded by My was
significantly inferior to all other treatments,

1if, At harvest

MA continued to record the lowest weed population which
was on par with all other treatments except My which recorded
the highest weed population.

3+ DBry natter production by weeds

Mean values of dry matter of weeds at different stages

are presented in Table 5,

i, 20th day of transplanting

The data presented in Table 5 show that the lowest weed
dry matier prpduction recorded in My, was on par with Mﬁ and
My and M, in turn was on par with ES and Mge Highest DY was
found in Mg which was on par with My and both were significantly

inferior to all other treataents,

ii. 40th day of transplanting

The lovwest weed dry weight was recorded in Mg which was
on par with Mps Mq and ﬁé, while M§ and M, in turn were on par
with Mz and Y5s The highest weed dry weight was recorded in
Msland was significantly inferior to all other treatments,
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Table 5

Dry matter production of weads (g/mz)wfirst crop

Treatments 20th DT LOth DT At harvest
M, 8,03 20.42 43,03
M, 13.27 26,40 bk 67
My 17.27 25,60 52,00
M, 7.18 17.32 42,83
My 19,38 31.58 72,00
Mg 32.67 11.60 42,73
M, o 0 0
My 31.33 61.43 105,17

Fo o a4 U HB5** 16,85** 18.62**
CD 9,195 13.243 20.939
SE " 3,03 4,37 6.90

*x5ignificent at 0,01 level,



1i1. At harvest

Mz produced the lowest weed dry matter and it was on
per with.},, B, M, and Mz Hz in turn was on par with Mg e
All the treatments were significantly superlor to Mb which -
recorded the highest weed dry matter.

4. Weed Control Efficiencx;

As the total weed population was higheat in Mé through
out the crop pericd, it was taken as the base for calculating
WCE and the calculated values are presented in Table 6.

i. 20th day of transplanting

The highest WCE was obtained from M, closel} followed
by My. Next in order were My, M 5 and M5 and Mg recorded a
negative valua,
11. 40th day. of transplanting

M, recorded the highest WCE followed in order by
!‘51’ r'%. Ns’ 243 and ]"SI l

111, At harvest

Mh continued to record the highest WCE followed by
M1’ Hs, b’z, M3 and MS. '
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Table 6

Weed Control Efficiency = first erop

Weed Control Efficiency

freatnents . 20th DT 40th DT At-harvest
M, s e 61
M, .57 56 50
My © 50 50 42
M, .87 76 63
My 43 37 KL

Mg 2 56 59
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5. - MNutrient removal by weeds,

Mean values are presented in Table 7. In the case of
M, (weed free plot), the observations on weeds were recorded

as zero and as such 1t was not mentioned separately.l
A, HNitrogen.

i. 20th day of transplanting

The weeds in Mﬁ removed the lowest quantity of nitrogen
which was on par with M¢ and M, and was superior to other
treatments. It was followed by Mé which was on par with MB‘

MB removed the highest nitrogen content which was on- “par with
Mé and both were significantly inferior to all other treatments.

ii. 40th day of transplanting

The lowest nitrogen removal was recorded by Mé which was
on par with H,, M, and M, vhile My and M, were on par with
M3'and Ms. The highest nitrogen removal 'was recorded by My
which was significantly inferior to all other treatments.

11i. At harvest

© Though the weeds in Mé removed ieast nitrogen, it was
on par with Mh' Mﬁ. Mé and HS and Mé in tu:n was on par with Mé.
Mé was significantly inferior to all other treatments,
B. Phosphorus.

‘1. 20th day of transplanting
Phosphorus removal was the lewest in My, which was on par
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Table 7
Rutrient removal by weeds (kg/ha) = first crop

Nutrient Treatnents 20th DT LOth DT At harvest

a. Nitrogen M, 1.76 4,29 8.18
M, 2.92 5442 8,49
My 3.80 5.38 9.88
My, 1.58 3.64 8.1

U 4,26 6.63 13.68
Mg _ 7.19 2.44 8.12
M, 0 0 0
Mg, 6.89l . 12.50 19.98

F#"1h 14.49§« 15.86** 15,01 %%
CD 2,022 2,780 3,991
SE 0.67 0,92 1.32

B. Phosphorus M, 0.62 1.57 3.3
1, 1.18 1.88 3.4
Mg 1.33 1.97 4,00
My, 0.55 1,33 3.30
Mg 1.49 2.43 5,54
Mg 2,52 0.89 3.29
Mo 0 .0 . 0.
Mg 241 b4,73 7.86

Foogy  13.58%% 16.85%% 44 ,25%x
D 0.729 1.020 1,611
SE 0.24 0.34 0.53

¢. Potassium M, 1.21 2.84 5,16
M, 2.05 3.49 5449
Mg 2.73 . 3.74 6.50
M[} ‘ 1-07 244 5.14
M 3.06 4,58 9.07
Mg 5.36 1.65 5 o0
My 0 0 o
Hg 5.23 9.34 13.48

7,14 45.49% 15,790 2046w
o 1.488 1,917 2,378
SE 0.49 0.63 0.78

##8ignificant at 0,01 level.
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with M1 angd Mé and, My In turn was on par with Mé'and Meo
The highest. phosphorus removal was observed in Mg which was
on par with My and both were' significantly inferior to all
other treatments,

i1, 40th day of. transplenting

Mg recorded the lowest phosphorus removal which was
on par with M, M, end Mo} M, end M, were on par with Mé
angd Hé. Hé recorded the highest phosphorus removal and was
significantly inferior to 211 other preatmepts,

1il. At harvest

 Phosphorus removal was the lowest in Mg which was on
par with M&, H&, ﬁé and HB anq,Mg in turn was on par with H5;
My recorded the highest phosphorus removal and was slgnificantly

inferior to-all pther treatments,

C. Potassium,
1. 20th day of transylgnting

Weeds in Mﬁ removed the lowest quantity of potassium which
was on par with ¥, and Mé, and M, in turn was on par with M3
and Ms. The highest potassium removal was in Mg yhieh was on
par with ﬂé and botb yere significantly inferior to all othepr

treatments.,
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ii, 40th day of transplanting

Mg recorded the lowest potassium removal which was
on par with M&, H1 and‘M2. M1 and My in turn were on par
with MS and MS‘ ' The highest potassium removal was recorded

by'Mé wnich was significantly inferior to all other treatments,

iii. At harvest

ﬁeeds in MG removed the lowest quantity of potassium
vhich was on par with ﬁh, Mys My and Mg, and Mé in turn was
on par with Msa All other treatments were significantly
superior to HB wirlch recorded highest potassium removal.
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Observation on Crop

T+« Crop growth characters

A, Height of Plants
Mean values are presented in Table 8,
1. 20th day of transplanting

The tallest plants were recorded in M, which was
significantly superior to all other treatments. Next ranked
treatment was M1 which was on par with MS M, and Nj The plant
height was the lowast in M& which was on par with Mé MS' 33,

Mé and Hs
1i, 40th day of transplanting

M7 produced the highest plant height which was on par
with M ’ Hl;’ M, and MG. It was followed by 1\13 which was on
par with M5 Mé was sgignificantly inferior to all other

treatments,
11i. At harvest

q M, continued to record the highesﬁfplant height which
was slgnificantly superior to all other treatments alsé., Tt
was followed by MH which was on par with Mgy My, and My The
next in the order wers M3 and Hs which were on par. The plant
height was the lowest in Mé which was significantly inferior
to all other treatments,
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Table 8

Crop growth characters - first crop

Height of plants (cm) Tiller
Treatments number LAT
20th bT 4Oth DT At harvest per m2

My’ 35.06 63.01 7he22 460,70 4,16
M, 33.31 60,31 72,12 . 459,70 3.95
My 33.09 57,03 66.49 430,20 3.58
M), 31,78 60.56 72.85 461,90 4,24
My 33.38 56,03 65.50 438,53 3.70
Mg 32,56  60.29 73462 464 .43 4,27
My 37.10  63.12 80,00 476,60 4,32
My 32,78 47,92 61.11 401,33 3,36
Fp gy 6™ 26,50 35,06%* hobb** 26, 27%*
* CD 2,939 2.921 3.065 34 884 0.214

SE 0,70 0.96 1.02 11.50 0.07

*#Significant at 0,01 level.



B, Tiller number per ma.

Mean values are presented in Table 8,

The largest number of tillers was recorded in ﬁ7
Which was on par with Mg ML' Hﬁ and M, wvhere as ”S’ ma
and M, were on par with Mb and Mj. The lowest number of
tillers wau produced by Ms vhich was on par with H3.

C. Leaf Area Index.

The LAT was calculated at the flowering stage and

the data analysed, "Mean values are presented in Table 8,

The highest LAI was observed in M7 which was on par
with Mg, “& and M,, and M1 in turn was on par with M2
followed by. MB and MB. Mé which recorded the lowest ILAT
was significantly inferior to all other treatments.

2. 'Yield components.

The data on yield components viz. Panicle number per mz,

1ength of panicle, weight of panicle and thousand grain weight

were analysed and mean values gre presgnted in Table 9,

A, Panicle number per ma.

The highest numbey of paﬁicles was produced by M7 which
was superior' to all other treatments, It was followed by Ms
which was on par with ¥, and Mse The next in order were My
and Msg MS was on par with 33, Iﬁa was significantly inferior
to all other treatments.,
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Table 9

Yield components « first crop

'l“}( )
e

-

No., of Length of Weight of No., of filled

icl 1 panicl i Thog:and
anicles panicle cle grains per. gra
Treatnents ; or m2 p(cm) () panicie welght (g)
M, 371,63 20,92 1.79 51.09 23.15
Ma 357 o735 18,43 1.73 45,70 23.25
Hy 339.23  19.28 1.64 38.58 23,79
MG . _378_.90 19.03 1.79 b7.86 23,06
147 406.53 22,10 2,01 59.20 23,15
HB _277.67 13.87 1.35 26,64 23.25
F.?’ 1“ 2&8 084“ | 22 950** . 8092** Ma 9*' N.S
Ch 7375 1.570 0.201 L.874 -
0.52 0007 1 |61 -

SE 2.43

**Significant at O o1 level.
N.S = Not signj.f:l.cant.



B, Length of panicle

M7 produced the longest panicle and was significantly
superior to all other treatments, M7 was followed by M,,
which was on par with My, y MB ard M;. The shortest panicle
was produced by MB which was significantly inferior to all
other treatments, ¥, and Ms were ranked in between M, and Mg

C. Veight of panicle

The heaviest panicle was produced by M7 which was on
par with MZ;.' ML,. in turn was on par with M‘l’ M, and MG' while
M, and My were on par with M3 and MB' The lowest panicle
veight was recorded by MB which was significantly inferior to
all other treatments,

D, Number of filled grains per panicle

The number of filled grains was highegt in M7 which was
on par with !-14 and both were significantly superior to all
other treatments, It was followed by M, which was on par with
Mﬁ and Mﬁ in turn was on par with Mz. 1‘-12 was followed by M5
which was on par with MB‘ Ma was gignificantly inferior to

all other treatments.,

E. Thousand grain weight

There was no significant difference among ‘the treatments

for this character.
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3. Grain yield, straw vield, Crop dry matter production -

and Frotein content.

A. Grain yleld.

The highest grain yield was obtained from M7 which was
significantly superior to all other treatments (Table 10).
The next highest yield was obtained from Mh which was on par
vith M M‘S end He The next in order were 215 and M 3 and they
were on par. The lowest yield was obtained from g which was

significantly inferior %o all other treatments.

B. Straw yield,

The highest straw yield was obtained from M? which was
significantly superior to all other treatments (Table 10).
It was followed by MS which was on par with Mﬁ, Mh and Hy.
The next in order was H5 which was on par with M3. “8 was
significantly inferior to all other treatments.,

C. Crop dry matter production.

M7 recorded the highest crop dry matter production and
was significantly superior to all other treatments (Table 10).
The next in order was HG, vhich was on par with My, Mﬁ and Mye
The lowest crop dry matter production was in Mg which was

significantly inferior to all other treatments,
D, Proteln content of grains.

Although there were no significant difference among the
treatments, M, recorded the lowest protein content (Table 10).



Table 10
Grain yield, straw yield, crop dry matter and protein

- gcontent of grains - first crop

Grain Straw Total Frotein content

' yield yield dry matter £
Treatments (kg/ha) (kg/ha) (kg/ha) of grains (%)

M, 3764 3938 7195 8.36
My, . 3687 3857 6% . 8.1
My o 3315 3539 6355 8.18
My, 3790 3986 7206 T 8.33
Mg 3382 3584 6617 8.8
Mg 3759 4022 7214 8.24
M, 3954 4204 7563 . 8.4
Hy 2360 2576 4580 8,01
Fo 94 127%* 76%*  .98* . NS
CD. 136.6  178.6 2874 -

SE 45 59 95 -

¥#Significant at 0.01 level.
N.S = Not significant,



Weed Index is the reduction in yield due to the presence

of weeds in comparison with the plots having minimum’ weods.

. My was taken as the base for the calculation of Weed Index
as it recorded the highest grain yield, Weed indices caleulated
are presented in Table 11,

The lowest Weed Index was worked out in My, closely followed
by My and Mg, The next in order were My, M5 and M3 and, My .
recorded the highest Weed Index.

5. Nutrient uptake by the Crop

Mean values of NFK uptake by the crop are presented
in Table 12\0

A, M trogen.
i. 20th day of transplanting

The data presented in Table 411 show that the highest
nitrogen uptake was in M, vhich was on par with M, and ¥y
in turn was on par with My while Mé was on par with M&,
M3 and Mé. Mg recorded the lowest nitrogen uptake which was
on par with MB and Ms.

ii. 40th day of transplanting

The nitrogen uptake was the highest in M? and vas
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Table 11 = Weed Index

Treatments Weed Index
Y 4,81
1‘12 6.75
M3 16,46
M, 4.15
M 14,52
Mg 4,93

40,31
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Table 12

Nutrient uptake by the crop (ke/ha) - first crop

Nutrient Treatments 20th DT 40th DT At harvest

a. Nitrogen M, 48,45 72.77 86.25
My b4 56 67.29 82,80
My 42,08 54.99 72,94
. Ma 43.55 71.56 87.21
My 41,21 56.01 73.80
" Mg ' 37.67 - 67.86. 84,93
.My ' 50468 - 78,86 92,80
My 37.22 L7.90 48,24
Foan  12.51%% 29,77#% 141 ,12%%
cob 4.063. 5.873 3.570
SE ¢ 134 1,94 1.18
‘. Pnosphorus 1, . 1861 . 29.82 30.58
- A 18,49 27,58 29,04
: M3 15,69 20.23 . 23,16
oM 17,67 . 29,56 31.37
Mg . 15,30, 21.47 23.91
| Mg 14,07 26,72 28.79
M., 19.32 32,87 . 34,16
Mg 1373 0 17069 18.34
T‘F§’ ag  1B.07F®  LB,00%% 34 ,05%%
cD 1.624 2,367 2.698
* SE - 0.53 0.78 . 0.89
c. Potassium ¥, - 33,18 45,65 48,65
M, 29456 . 43,36 45,62
My . 28,57 35,72 37.17
¥, 29,56 44,76 48,07
M L 27.Th 36.25 38,02
e . 24,80 4335 45,20
M, 34,25 50.27 52.59
Mg . 2444 28,02 32,52
FZ' 14 16.87%x 140,08%% 30.83 %+
c 2,755 1.817 3.620
SE 0.91 0.60 1,19

f*Significant at 0,01 level,
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significantly superior to all other treatments, M7 was

followed by M1 which ves on par with Mo MS and Mé The next
in order were Ms and MB which were on par. My was significantly
inferior to al} other tregtmepts.

iii, At harvest

.7 continued to record the highest nitrogen uptake and
vas, superior to all other treatments. It was foliowed by M&
which was on par with M1 and Mgi Mﬁ and MS In turn wera on

par with Mhe The next in order was Msfwhich was on par with Mg.
Mg was significantly inferior to ell other itreatments,

B.' PhOSphofus;
i. 20th day of transplanting.

The phosphorus uptake was the highest: in M? which was
| on par with M1 where as’ ma was on par with m& and Mh in turn
was on par with My M, was also on par with MB and Ms.
Phosphorus -uptake: was the lowest in MB which was on par with
-Mb and both were significantly inferior to all other treatments,
ii. hoth day of tranSplanting'

..Ihe highest phosphorus uptake was observed in M7 which
was significantly superior to all othep treatments, It was
followed by M, which was on par With M, and ¥, while M, in tum



was on par with MG. Next in order was M5 which was op par

with ﬁs. Mé was significantly inferior to all other treatments.
1ii. At harvest

M? continued to record the highest phosphorus uptake and
was significently superior to all other treatments. It was
followed by Mﬁ which was on par with Mq, Mé and MS‘ Next in
order was MS vhich was on par with MB' Mé was significantly

inferior to all other treatments,

C. ' Potassium,
i. 20th day of transplanting

The highest potassium uptake was observed in M7 wnich
was on par yith M1 and both were significantly superior to
all other treatments. They were followed by Mé which was
on par with M&, M3 and Mé' The lowest potasgium uptake was
observed in MB which was on par with Mg and both were
significantly inferior to all other tfeatments.

i1, 40th day of transplanting

M7 with the highest potassium uptake was significantly
superior to all other treatments, Next in order was My which
was on par with M, while M, was on par with ¥, and Hg.
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It was followed by MS vhich was on par with,Hs. MB was
significantly inferior to all other treatments.

1ii. At bharvest

H? continued to record the highest potassium uptake,
and was significantly superior to all other treatments,
It waz followed by M, which vas on par with Y, M, and Mg
Next in order was Mé which was on par with M3. Mé was
significantly inferior to all other treatments.

6. Economics of weed menagement.,

Hean values are presented in Table 43.

¥4 recorded the highest net profit which was on par
with M, and M,» and was superior to other treatments. Next
ranked treatment M; was on par with M5 and was followed by H3'
M7 recorded a negative value and was inferior to all other

treatments,
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Table 13

Economics of weed management - first crop

Increased Monetary Total cost
yield over value of ggngﬁeg Net Return
Treatments Weedy check 4, i nceq ; eragion (k/ha)
(kg/ha) yield (&/ha) {R7ral

Grain Straw
i, 1404 422 - 3570 496 3074 (hO7H)
M, 1327- 1281 © 3286 376 2910 (3910)
My 955 063 2513 460 1933 (2933)
My, 1430 - 1410 3558 791 2770 (3770)
My 1022 - 968 2517 4ot 2093 (3093)
Mg 1399 - 446 3530 1188 2342 (3342)
M, 1593 - 1628 4007 4554 -Sh7 (453)

¥#Significant at 0,01 level,
Figures in paranthesis are the "% + 1000" transformed values,

CD 316
SE 104
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SECOND CROP (MUNDAKAN)

During the first crop Season, main plots were treated
with five herbicides (M1, Né, Ma, Mh and MS) hand weeding
(Mé), completely weed free (M?) and weedy check (Mé).

During the second crop Season, each herbicide
treated main plot was divided in to three sub plots in
which one sub plot each was kept unweeded (T1, Ty T7, 10
and T13), one hand weeded (Tz, Tgs Tgy T4q and T14) and the
third was treated with the same herbicide (TB, Tes Tg» (P
and T15). The hand weeded, complete weed free and weedy
check main plots were also divided in to three sub plots
each but the same treatments were repeated (116' Ta7 and T,

18
respectively).

Hand weeding was given on the 20th DT and 40th DT to
those plots which were allotted for the same. Weed obser-
vations in these plots were *taken before hand weeding. In
the casge of completely weed free plot, weed observations
were recorded 88 zero and so it was not mentioned separately

in the results and discussion given below,

Data recorded during the second Crop season were
statistically analysed as a split plot experiment with
nen=-factorial str&cturea So the main plot effect is not

considered here for results and discussion.

-
k!

)

[
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In the presentation of the results, the following

comparisons were made and their notations (a to i) are

followed as such.

e

b.

Ce

d.

=

f.

" he

i.

Comparison among the sub plot treatments within each
main plot of first crop. (CD,)

Comparison of herbicides with hand weeding (T16) and
weed free (T&7) of both the seasons. (CD3)

Comparison of weeded sub plot treatments in second
crop season with hand weeding (T16) and weed free (T17)
of both the seasons. (CDB)

Comparison of unweeded sub plot treatments with hand

. weeding (T,.) and weed free (T4} of both the

seasons, (an)

Comparison of unweeded sub plot treatments in second
crop Season with continuous weedy check (T18)' (CD3)
Comparison among the continuous herbicide sub plot
treatments. (CD,)

Comparison among the herbieide-hand weeding sub plot
treatments, (CDZ) |
Comparison among the herbicide-unweeded sub plot
treatments. (CD,)

Comparison among all the 18 sub plot treatments, (CD3)
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Examples of notation used in presenting the treatments

for interpreting the results of second Crop season are

shown below,

herbicide treated sub plots

hand weeded sub plots

Unweeded sub plots

IThiobencarb—thiobencarb

Thiobencarb~hand weeding

Thiobencarb-no weeding

means sub plots which received
herbicides during both the

8easons.,

means sub plots which received
herbicides during the first
crop followed by hand weeding

twice during the second crop.

means sub plot which received
herbicides during the first
crop season followed by no

weeding during second crop,

means sub plots in which
thiobencarb was applied tn both

the seasons,

means thiobencarb applied in
the first crop season followed
by hand weeding in the second
Crop.

means thiobencarb applied in
the first crop secason followed

by no weeding in ithe second crop.
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Hand weeding~hand weeding - means hand weeding twice in
the first erop followed by
hand weeding twice in the
Second crop.

Weed free plot ‘ = means completely weed free

during both the seasons.

Weedy check « means continuously unweeded

plot during both the seasons.

Unlike other biometric obgervations, in the case of
obsérvation on weeds, treatments which recorded iow values
of weed number, weed dry weight and low nutrient removal,

were reckoned as significantly superior ones (treatment).,

Observation on Weeds

1. Yeed gpecies.

Weeds were collected from the experimental plots,
Yeed specles were idéntified and groupéd in to grasses,
'sedges and broad leaved weeds. They were same as that
observed during the first CIr'0p Season and'presented in
Table 3, ¢
2, Weed population,
A, Monocot weeds.

Mean values are presented in Table 14 and analysis

of variance in Appendix II,
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Table 14
Monocot weed nopulation per m2 - Second crop
£
Treatments 20th DT 40th DT At harvest

T, 79.28 (8.96) 323,00 (18.00) 357.34 (18.93)
T, 86,61  (9.36) 123.10 (11.14) 142,09 (11.92)
T3 24,20  (5.02) 130.79 (11.48) 176.96 (13.34)
Ty, 91.16  (9.60) 339.03 (18.44) 372.26 (19.32)
Ty 88.87 (9.48) 136.83 (11.74) 163.10 (12.81)
Tg 3512 (6.01) 146,87 (12.16) 192,77 (13.92)
Ty 95.84 (9.79) 352.82 (18.81) 394.21 (19.88)
Ty 99.60 (10.03) 133.40 (11.55) 179.36 (13.43)
Ty 44,16 (6.72) 154.75 (12.48) 208.09 (14.48)
Tao 100.64 (10.08) 332,79 (18.27) 371.10 (19.29)
Tqq 102,43 (10.17) 125,66 (11.21) 157.51 (12.59)
Tyo 25,32 (5.13) 123,55 (11.16) 171.92 (43.15)
Ty3 101.62 (10.13) 349.06 (18.71) 378.08 (19.47)
Tasy 83.64  (9.20) 135.85 (11.70) 173.77 (13.22)
Ts5 41,12 (6.49) 157.26  (12.58) 204.35 (44.33)

o, o 0,409 . 0.371 1.692
Tyg 88.49  (9.46) 158.26 (12.62) 170.30 (43.05)
Tq7 0 (1.00) o (1.00) o (1.00)
Tag 119,78 (10.90) 381.59 = (19.56) 431.11 (20.79)

CDy 0.334 0.303 1.382

SE 0.12 0.11 0.48

Figures in paranthesis are the

JZ + 1 transformed values.
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20th day of transplanting

All the herbicide treated sub plots were superior to the
respective hand weeded and unweeded sub plots where as
all hand weeded sub plots vere on par with the respective

unweeded sub plots,

All the herbicide treated sub plots recorded significantly

lesser number of weeds than T16'

Compared to THG’ treatments Tﬁ&’ T2 and T5 were on par
and, T8 and T11 inferior,

T1 was superiocr, 3& and T% on par and, T10 and T13 were
inferior to Tige : ' '

All unweeded sub plots were superior to T18‘
Among the herbicide treated sub plots, Tz and T, were
on par and superior to other herbicides, T6 was superior

to Th5 and Tb which were on par,

T, recorded less weed count which was on par with T5 and

superior to other hand weeded sub plots, Weed count

‘recorded by T., was on par with T. end T .
o 4 8 11

T1 wvas significantly superior to all other unweeded
Sub plots followed by 34 which was on par with 27.
Ty recorded higher number of weeds which was on par
with Tao.

Among all the sub plots, ?3 recorded the lowest number
of monocot weeds, This was on par with T12 and superior
to all other sub plot treatments. THB recoxded the

highest number of monocot weeds,
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ii. 4Oth day of transplanting

= 99

b,

Ce

d.

£,

Eas

'ho

were superior to TB, Tg and T15 respectively. All these

- herbiclde treated and hand weeded sub plots were superior

to the respective unweeded sub plotéa

Tyns TB and Tg were superior to T,z and, Ty and T4 were
on par with THS'

All hand weeded sub plots were superior to THS’

All unweeded sub plots were inferior to T16'

All unweeded sub plots weré superior. to weedy check,

Typ vanked f£irst which vas on par with Ty, followed

by Tg and Tg. T15 recorded highest nﬁmber of weells,

'Weed count was the lowest in Té '‘and was ‘on par with 11,

T11 in turn being on par with Té : Tb was on par with TH&

T10 was ok par with T;, which in turn was statistically

equal to T, and Toe

Té recorded the lowest weed population among all the
sub Plots and it was on paf'with 12, TH1 and T13.

. The highest weed count was obsérved in the weedy check,

90

.Ta was superiob tp Th. Ta3-and;T7 and was' on par with THO'
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111, At harvest

f¢

Ce’

e,

£,

h.

i.

All herbicide treated sub plots were on par with the
respective hand weeded sub plots and both were superior

to unweeded sub plots,

All herbicide treated plots except T9 was on par
with T16 where gs T9 vas inferior to T16‘

There was no significant difference between hand weeded

sub plots and T16'

All unweeded sub plots were inferior to T16'

Among the unweeded sub plots, Tys T10 and T), were
superior to Tﬁs and, ‘I‘7 and T13 vere on par with T18‘

Bven though T12 ranked first, all the herbicide treated

sub plots were on par with each other,

T, recorded lowest weed count and it was on par with
all other hand weeded sub plots,

L]
Though lowest number of weeds was observed in T1,

it was on par with all other unweeded sub plots,

Among all the sub plots, lowest weed count was recorded
in T2 which was on par with T11, TS’ T12 and Tﬁh' and

highest weed number was in T18'
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Dicot weeds.

Mean values are presented in Table 15 and analysis

of variance in Appendix II. -

i.

> 1Y

be
Ce

d.

€,

£,

ge
h.

i.

20th day of transplanting

A1l the herbicide treated sub plots were statistically
superior to the respective hand weeded apnd unweeded

sub plots.

T12 recorded lowest number of weeds and all herbicide

treated sub plots were superior to T16’

Tqy T, and T5 were superior to T,g and, Tg and T4q
were on par with T16'

Among the unweeded sub.plots, T1 and T10 vere superior

to T16 vhile T, T7 and T13 were on par with T16'

Ty and T4q were‘sdberior to T4q and, Tp, Ty and T3

were on par with T1B'

There was no significant difference between the herblicide
treated sub plots.

T14 was on par with T, and T5 but superior to Tg and Tyq.
Lowast weed count was in T1 which was on par with '1'10

and Ty, while Ty, T7 and T13 were on par with each other.

Among all the treatments T12 produced lowest weed number
which was on par with.T3, T15, Tg and Tg.
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Table 15

Dicot weed population per m2 = Second crop

9.3

Treatments 20th DT 40th DT At harvest
T, 7.41  (2.90)  60.31 (7.83) 54,20  (7.43)
Ty 7.29 (2.88) 13.29 (3.78) 19.34 (4.5%)
Ty 3.28  (2.,07) 11,97 (3.46) 13,29 (3.78)
Ty, 10.63 (3.81)  67.06 (8.25) 58,91 (7.74)
Tg 8.2  (3.04) 10,97 (3.46)  13.90 (3.86)
Te 426 (2,29) 6,90 (2.81) 8.00 (3.00)
Ty 11.39  (3.52)  65.26 (B.14)  58.29 (7.70)
Ty 9.89 (3.30)  16.64 (4,20) 18,98  (4.47)
Tq 4.67  (2.16) 6.62 (2.76) 7.29 (2.88)
Taop 8.24  (3.04) 60,94 (7.87) 52,29 (7.30)
Tyq 10,09  (3.33) 10,56 (3.40) 14,52  (3.94)
Typ 2,31 (1.82) 5.60 (2.57) 8.00 (3.00)
T43 12.18 (3.63) 65.91 (8.18) 58,60 (7.72)
Tasy 6.08 (2,66) 7.23 (2.88) 13.82 (3.85)
Ty5 3.58  (2.14) 6.62 (2.76) 8.00 (3.00)

cD, ‘ 0,581 0.451 0.482
Trg 12,40  (3.66) 8.00 (3.00) 12,18  (3.63)
T47 0 (1.00) 0 (1.00) 0 (1.00)
Tag 13.67 (3.83) 68.56 (8.34)  47.30 (6.95)

CDy 0.475 0,368 0.393

SE 0.16 0.13 0.14

| Figures in paranthesis are the X + 1 transformed values,
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ii. 40th day of transplanting

a.,

b.

Co

e,

£,

he

‘1‘2 and TB and, T“I 4 and T15 were on par; ‘1‘6, T9 and T12
vere superior over T5, T8 and Tﬁ1 respectively and all
these treatments were superior to the respective

unweeded sub plots.

Compared to Tﬁ6’ treatment THE was superior, Tb, T9

and T15 were on par and T3 inferior.

T11 and T44 were on par with T16 while TZ' T5 and Tg

wvere inferior to T16'

All unweeded sub plots were statistically inferior to T16'

‘I‘1 and T10 were superior and, T&’ T7 and T&B were on par

with TﬁB'

Lowest weed count was recorded in THE which was on par

with TG’ T9 and T15 while T3 was inferior to T12.

Among the hand weeded sub plots lowest weed count was

in T14 which was superior to other hand weeded sub plots,
Next in order was T11 which was on par with Tﬁ and Ta,
and the highest weed number was observed in Tb.

Eventhough 'I'1 recorded the lowest weed count, it was on
par with all other unweeded sub plots.

Among all the sub plot treatments, T12 continued to
produce less number of dicot weeds and was on par with
Tg, T15, TB and Tﬁh and greatest number of weeds was
counted in Tig*
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113, At harvest

2. A1l the herbicide treated sub plots were superior over
the respective handweeded sub plots and both were in turn
superior to the unweeded sub plots.

b, Al) herbicide treated sub plots except T3 were superior
to T16 while T3 was on par with T16'

c. Among hand weeded sub plots, T, 59 T11 and T14 were on par
with T 46 and, T, and Tq were infericr to T16'

d. All the unweeded sub plots were significantly_iﬁférior

e, Among unweeded sub plots T10 was on par with T18‘and, T1,
T#, T13 and Tk were inferior to 1t.‘

£, There was no signifiéant difference among the herbicide
trgatedlgub plots except 13 which recorded highest

weed count,

2. 14 recorded less number of dicot weeds and it was om par
with TS and TH1 followed by Tb and 22.

h. There was no significant difference among the unweeded
sub plots,

1. Lowest dicot weed population was obs;fved In Ty cﬁmpared
to 2ll other sub plots and it was statisticelly equal to
TB, T12 and T15. . The highest dicot weed population
was found in Ty
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Total weeds.

Mean values are presented in Table 16 and analysis

of variance in Appendix II,

1.

8.

b,

Coe

d.

<Y

£

Eeo

h,

i.

20th day of transplanting

A1l herbicide treated sub plots were statistically
superior to the respective hand weeded and unweeded

sub plots,
A1l the herbicide treated sub plots were superior to T16'

Compared to hand weeding-hand weeding, T1h and Té were

superior, T5 on par and, Ty and Tq44 were inferior.

Among the unweeded sub plots, T1 was superilor, Ty, and

T7 were on par and T10 and T%B wera inferior to T16'

All unweeded sub plots were superior to weedy check (Tﬁa).

13 recorded the lowest number of weeds which was on par

with T4 followed by Te T15 and Té,

Ty, ranked first and Tqq last. Ty, and T,, T, and T5
and, Té and TH1 were on par respectively.

T, was superior to the other unweeded sub plots followed
by 2& vwhich was on par with T7. Next in order were

T3 and THz recorded the lowest number of weeds and were
superior to other treatments., T18 recorded the highest

number of weeds,
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-~ gsecond ¢rop

a7

Treatments 20th DT 4oth DT At harvest
T, 86.80 (9.37) 376.52 (19.43) 411.50 (20.31)
T, 93.93 (9.74) 136.59 (11.73)  160.54 (12.71)
13 27,52  (5.3b4) 141.80 (11.95), 154,75 (12.48)
T, 101.82 (10.44) 405.83 (20.17)  431.22 (20.79)
T 97,21 (9.91) W7.8% (12.20)  177.22 (13.35)
Tg 39.45  (6.36) 153,75 (12.44) 200.64 (14,20)
T 106,54 (10.37) 418.84 (20,49) 452,26 (21.29)
Tq 109,46 (10.51) 149,06 (12.25) 198.37 (14.12)
Tq 47.86  (6.99) 161,56 (12.75) 21538 (14.71)
Tio 109.04  (10,49) 393.82 (19.8%)_ 423,36 (20.60)
T4q 113.28 (10.69) 135,19 (11,67) 17219 (13.16)
T, 27.62  (5.35) 12919 (11.41) 179.90 (13.45)
Ty5- 13,92 (10.72) K475 (20,39) | 437,06 (20.93)
Top 88.87  (9.48) 143.24 (12.01)  188.06 (13.75)
T, 44,70 (6.76) 163.87 (12.84) 2207 (15.19)
- 0D, - 0,378 | 0,269 1.490
Tig: 101.43  (10.11) 162.84 (12.80) 181.52 (13.51)
Ty o (1.00) o (1.06) 0 (1.00)
Tia 133.68 (11.60)  450.14 (21.24)  478.61 (21.90)

CD; 0,309 o.zéo 1,221
SE 0,08 0.42

0.11

Figures in paranthesis are the VX + 3 transformed values.
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40th day of transplanting

Tz and T3 were on par and superior to T1; T5 and T6
were on par and superior to TQ; '1‘8 was superior to T9
and both were superior to %7; T11 end T12 were on par
and were superior to T1O; Tﬁh was, superior to THB and
both were superior to T13.

TB' T and Tﬁ2 were superior and, T9 and T15 were on

par with T16‘

All the hand weeded sub plots were superior to T16‘.

All unweeded sub plots were significantly inferior to T15.

A1l unweeded sub plots were statistically superior to
weedy check (T18)a l

Among the herbicide sub plots, lowest weed count was
observed in T12 and it was superior to the other herbicidal

treatments,

T11 recorded lesser weed count among hand weeded sub plots

which was on par with T2 and superior %o TH3, T5 and Ta.

T1 was superilor to other ﬁnweeded sub plots., Next in order

Among all the sub ploits, lowest weed count in T12 was
superlor to all other treatments. Next in order was
T11 which was on par with T,. Highest number of total
weeds was found in T18' |
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1il, At harvest

.

b,

C.

d.

e,

Be

h,

No statistical difference in weed count was observed amoﬁg
the respective hand weeded and herbicide treated sub rlots;
however the counts were significantly less compared to

the respective unweeded sub plots.

All herbicide treated sub plots except T15 were on par
with hand weeding-hand weeding (TﬁG) while the former was
inferior to T16°

There was no significant difference in the weed count of

hand weeded sub plots compared to T16'
A1l unweeded sub plotswere significantly inferior to e

T1 and T10 were superior and 34, T7 and 1H3 were on‘par
with weedy check,

Among the herbicide treated sub plots, low weed count
was in T3 vhich was on par with T4o and superior to the

other treatments,

Eveﬁthough T2 recorded the lowest weed count, it was on

par with all other hand weeded sub plots,

Similarly, total number of weeds was less in T4 and it

+ was on par with all the other unweeded sub plots,

i.

Among all the sub plots, thiobencarb-thiobencarb recorded
the lowest number of weeds which was on par with 32. T11,
TS’ T12 and THG' Veedy check recorded the highest

number of total weeds,
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Dry matter production by weeds.

Mean values are presented in Table 17 and anelysis of

variance in Appendix IIT.

1.

8.

b,

Ce

d.

=

f.

[

h,

i.

20th day of transplanting

A1l the herbicide treated sub plots produced significantly
less DM than the respective hand weeded and wnweeded
sub plotS °

Significantly less DM was observed irn all the herbicide
treated sub plots compared to hand weeding-handweeding (ﬁHG).
Tz, TS and T11 were superior and Té and T14 were on par

with Tas.

Compared to T16’ treatment Ta and T10 were superior and,

Dry matter production of weeds was significantly less
in all the unweeded sub plots than the weedy check,
The lowest DM was in T12 which was on par with T3,

Tg and Tg, and the highest DM was in T15.

Tz recorded the lowest DM and was superior to all other
hand weeded treatments. It was followed by Tqqs which
was on par with Ty and, Tz in turn was on par with A
and Tau

The lowest DM was in T1 which was superior to the other
unweeded sub plots._ T10, Th and Tﬁﬁ were on par and
superior to T7.

Among all the sub plots DM of weeds was the lowest in

nitrofen-nitrofen which was on par with T3, Tg and Tg.
The highest DM was recorded in weedy check,
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Table 17

Dry matter production of weeds (g/ﬁz) - Second Crop

Treatments 20th DT 4oth DT At harvest
Th 7.27 40,88 78.41
T3 3.43 . 13.59 35.83
Ty, 8.47 43,31 82,47
T5 8,30 15.79 33.24
TG 3.82 14,67 36,36
T, 9.12 44,70 82,84
T8 8.83 15.93 36.78
Tg 3.93 16.28 38.50
T10 8.29 42,03 78.91
Tys 3.42 12.33 32.65
T13 . 8.70 4ty 26 72.79
T14 8,69 15.29 34,11
T15 4 .47 16.15 38.32
T16 9.01 18.05 33.73
'T17 0 0 0
T18 10.67 48,00 92.14

CD3 0.639 1.326 ) 8.039

! 8® 0,22 0.46 2.79
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1. 40th day of transplanting

a,

b.

d.
e,

£

[ ]

h,

i,

T12 was significantly superior to Tﬁ1 and the treatments

- 13, TG’ Tb and T15 were on par with Té, Tb, Tg and T1&

respectively. All the herbicide treated and hand weeded
sub plots were significantly superior to the unweeded
sub plots,

M1 the herbicide treated sub plots were significantly
superlor to T‘ZG'

Dry matter of weeds was significently less in all the

han¢ weeded sub plots compared to Tﬁﬁ'

Compared to T46» DM of weeds was statistlcally greater
in 811 the unweeded sub plots,

Compared to T?B' of weeds was significantly lower in
all the unweeded sub plots,

T12 recorded the lowest DM of weed and it was on par with
T3 and superior to Tg, T15 and T9. The latter three
treatments wera on par,

There was no significant difference among the hand weeded

- sub plots but the lowest DM was recorded in 131.

T1 recorded the lowest DM and .was on par with T10; while
T10 was on par with Th which in turn was on par with T13
and T7

Among all the sub plots, the 1owest dry matter accumulation

of weed: was observed in nitrofen-nitrofen, which was on par
with thiobencarb-thiobencarb. The highest DM was recorded
in the weedy check.

f
e
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fii, At harvest

Be

b

d,

e,

£,

Ee

h.

1.

All the herbicide treated sub plots were on par with
the respective hand weeded sub plots and both were
superior to the unweeded sub plots.

No statistical difference in DM was observed beiween
the various herbicide treated sub plots and T16'

Similarly no difference was found between hand weeded
sub plots and T4 in D,

A1l the unweeded sub plots were significantly inferior

A1l the unweeded sub plots were superior to THB‘

Though the lowest weed DM was recorded in qu, 1t was
on par with all the other herbicide treated sub plots,

No significant difference was observed among the hand
weeded sud plots.

The lowest DM was observed in T13 which was on par

with Ty Tyo and Ty, and was superior to T%.

Among all the sub plots thiobencarb-thiobencarb recorded
lowest DM and it was on par with Tos T11, TB, T12 and T15.
Highest DM was produced by the weedy check,
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4. Weed Control Efficiency.
Weed Control Efficiency is calculated on the basis of
reduction in weed count in comparison with the weed count

of weedy check and expressed in percentage,

Since the total weed population was highest in weedy
check through out the crop period it was taken as the base
for calculating the WCE,

Weed Control Efficiency worked out at different stages

" of erop grohth are presented in Table 18.

i. 20th day of transplanting

'T3 and T12 recorded the highest WCE followed by TB,
T15 and Tg. Lowest value was noticed in T11 and T13.

ii, 40th day of transplanting

,Among the various weed management techniques tried,
highest WCE was observed in T12, followed by Ty and T11,
TB' Tﬂk’ TS' Té, TG’ T16' Tb and T15' Lowest weed

indices were worked out in the unweeded sub plots.'
1ii, At harvest

T3 recorded the highest WCE followed by T2’ T11 and TS’
40th DT, all unweeded sub plots registered very low
values'of weed indices.
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Table 18

Weed Control Efficiencz =~ Second crop

Treatments 2Cth DT LOoth DT At harvest

T1 35 16 14
TZ 30 70 66
3 79 69 68
24 24 10 10
Ts 27 &7 o3
T6 70 65 58
T? 20 07 G5
Té 18 . &7 59
T9 64 64 55
T":' o 18 13 12
T11 15 70 64
Ty 79 7 62
T13 15 08 Co
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5. Nutrient removal by weedd,

The nutrient removal by weeds were recorded on the
20th DT, 40th DT and at harvest with respect to nitrogen,

phosphorus and potassium and analysed separately,

A, Nitrogen.

The mean values of nitrogen removal by weeds are

presented in Table 19 and analysis of variance in Appendix IV.
1. 20th day of transplanting

2, Weeds in all herbicide treated sub plots removed signifi-
cantly less nitrogen than the respective hand weeded sub
plots and unweeded sub plots. The hand weeded sub plots

and unvweeded sub plois were on par,
b, ALl herbicide treatod ‘sub plots removed sign_ficantly less
quantity of nitrogen than T16

c. In compqrison with T,., the treatments T,, T,, and Ty

were superior ard, Tgland ZH# were on par with THG'

d. Tﬁ apd1T10 were superior, aud Qﬁ, T7 and T13 were on par
with Ths°

@, Weeds in all unweeded sub plots removed less nitrogen and
were superior to weedy check,

f. Lowest nitrogen removal was observed in T5 which was on
par with other herbicide treated sub plots,
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Table 19

Nitrogen removal by weeds (kgz/ha) - Second _crop

Treatments 20th DT 40th pT At harvest

TH 1.56 777 13.58
T, 1.48 2.81 5.02
Ty 0.72 2.63 6.09
Ty 1.81 8.69 15,06
Ty 1.79 3.03 6.10
Tg 0.81 2,93 6.66
T 1.95 8.66 15.02
Te . 1.89 3.05 6.74
Iy 0.83 3.12 7.06
T40 1,76 8411 14 .46
T44 1.68 2,66 5.37
4o 0.73 2.26 5.95
THB 1.86 8.82 15.85
Tas 1.86 2.95 6.25
T15 0.94 3.15 7.05
CD,  0.50 0.419 0,251
T4 1,93 3.40 6.18
Ty7 0 0 0
T18 2.28 9.45 16.90
CD;  0.135 0.342 0.205

8B 0.05 0.12 0.07
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Weeds iﬁ Té recorded lowest quantity of nitrogen
removal which was on par with the other hand weeded
sub plots,

Lowest quantity of nitrogen removal was observed in
T4 which was on par with all the other unweeded sub plots.,

Among’ 411 the plots, Tz recorded the lowest nitrogen

' “'vemoval ‘which wag on par with T12 and Tg, and was superior

to all other treatuments, . Highest nitrogen removal was

" from weedy check,

ii,

e

b,

¢

Q.

£,

40th day of transplanting

A1l the herbicide treatments were on par with the

respective hand weeded sub plots and both were superior

'to imweeded sub plots.

-Iaa, Tg and Tg wefe superlior and Tb an§ THS weré on par

)
with T‘IG ¢

All hand weeded sub plots were superior to hand weeding-
hand weeding,

All unweeded Sub plots were significantly inferior to T16'

All unweeded sub plots removed significantiy less nitrogen

. and: thus superior to weedy check,

Among the herbicide treated sub plots, T 12 removed the
least quantity of nitrogen which was Superior to Tgs
Tg and T15 where as it was on par with T3
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Weeds in Ty, removed lowest quantity of nitrogen and
it was on par with 'all the other hand weeded plots.

Weeds in T, removed significantly less nitrogen and
was superior to Tps Tj, and Tz where as it was on

pa]." 'With T10- : : '

Among all the treatments, 1owest nitrogen removal was
from T12, Whlch uas on par with 3 and T11 and was
superior to the other treatments. Weedy check recorded

higher nitrogen and was significantly inferior to

+ other treatments,

‘iii. At harvest

Qe

'A11 hand weeded sub plots were found superior to the

[ i ]

'"'respective herbicide’ treated sub plots and both were

b.

Co

in turn superior to the 'unweeded 'sub plots.

‘Compared to T16’ T12 was superior, I3 on par and Té,

135 and T9 were inferior.

In comparison with T16,‘treatments T, and T11 were

superior, T5 and T1h on par and Tb inferior, .

' A1l unwéeded sub plots removed’ higher nitrogen and

were significantly inferlor to T16
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Compared *o weed& check, all unweeded sub plots

recorded signlficantly less nitrogen removal,

Among the herbicide treated plots, T12 recorded
the lowest nitrogen removal which was on par with

T3 and superior to TB, THS and T9.

Lowest nitrogen removal in Té was superior to other

treatments. Next in order were Tqq9 TS’ Tq4, and Té.

T1 recorded lowest nitrogen removal and it was

superior to all the other unweeded sub plots,

Among all the treatments, thiobencarb-hand weeding
recorded significantly low nitrogen removal and was
superior to all the other treatments. Next best
treatments were T11, T12, ?3 and Ts. Weedy check
recorded significantly higher nitrogen removal and
wvas inferior to all other treatments.

Phosphorus,

Mean values are presented in Table 20 and analysis

of variance in Appendix IV,
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Teble 20

Phosphorus removal by weeds (ke/ha) -~ Second crop

Treatments .: 20th DT 40tn DT At harvest
T, . 0.53 2.94 5,10
T, i 0,51 1.05 1.97
Tz 0.25 0.98 2.33
Ty 0.62 3.09 5.34
1,  o.61 1,14 2.16
T 0.28 1.06 2,36
To 0.67 3.22 5.38
Tg 0.65 1.15 2.39
Tqy 0.29 117 2.51
Tag 0.60 3.03 5.13
T4 0.57 1.04 1.96
T2 0.25 0.89 2:12
Ty | 0.64 3.19 4,75
T1Q 0.64 1.10 2,22
Ty5 0.33 1.16 2,49

CD, 0.057 0.116 G.640
T46 0.66 1.30 2.19
T17 0 0 0
Tyg 0.78 3.46 5.99

Chy 0.047 0.095 0.522

SE 0.02 0.03 0.18
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20th day of transplanting

All herbicide treated sub plots were significantly

Superior to both hand weeded and unweeded treatments,

All herbicide treated sub plots were statistically
superior to THG'

Compared to T16’ treatments T2, T11 and TS were superior

and T14 and TB were on par,

T1 and Eqépwere superior and TQ, T&B and T7 were on par
"fith T/‘ 6 [

A1l unweeded sub plots were superior to T18'

Among the herbilcide treated plots, weeds in Tﬁa removed,
lowest phosphorus, and was on par with other herbicides

exe ep‘t T1 5 .

T, was superior to all the other hand weeded plots.,

Next best was T11. T14 recorded the highest removal of
phosphorus,

T, was statistically superior to all the other unweeded
sub plots, Next best was 2&' The highest phosphorus
remeval was observed in THB’ ) |

Among all the treatments, weeds in T12 removed the lowest
quantity of phosphorus snd was on par with TB' TG* Tg,

and T12 vhereas highest quantity of phosphorus was
removed by T18'
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1i. 40th day of transplahting

a,

b.
Ca
de
=

£,

e

h,

i 'y

T4o was superior to T,”; TS was superior to T5 whereas
in other cases herbicide treated sub plots wére on
par with hand weeded plots. 1In all cases unweeded sub
plots were significantly inferior to both herbicide
treated and hand weeded plots.

All herbicide treated plots were superior to qu‘
A1l hand weeded sub plots were superior to T4ge
All unweedéd sub plots were inferior to THG‘

All wnweeded sub pléts were superior ﬁo Tyge

Among the herbicide treated plots, Eaa recorded the
lowest phosphorus removal. It was superior to Te»

THB and Tay and was on par with T..

Waeds in T11 removed the lowest quantity of phosphorus
and was on par with all the other hand weeded plots.

T4 recorded ‘the lowest phosphorus removal which was on

par with T10 and was superior to other unweeded plots,

Among' @ll the treatments, nitrbfen-nitrofen which’
recorded the lowest phosphorus removal was on par with
thiobencarb-thiqbencarb and was superior to the other
treatments, Weedy check removed the highest quantity of
phosphorus and was inferior to all the other treatments,
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iii. At harvost

B

b.

Cs

d.

£,

h.

1

All hand weeded sub plots were on par with the respective
herblcide treated plots and both in turn were superior
to the unweaded plots,

All herbicide treated plots were on par with T16’

A1l hand weeded sub plots were on par with Tyge

All unweeded sub plots were significantly inferior
tO T.lsc

ALl unweeded sub plots were significantly superior

T4o recorded lowest phosphorus removal and was on par
with other herblcide treated plots.

There was no significant difference . in phosphorus .
removal among the hand weeded sub plots.

Mo a*gnificant difference was observed among the unweeded

sub plots in phosphorua removal.

Among-all the treatments, lowest phosphorus removal.was
observed in T51,Iwhich was on par with T Taa, T >
T16';T5h' T3, Ty and Té. The highest phosphorus removal
was from weedy choek which was slgnificantly inferior
ﬁo'all other treatments,
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C. Potassiuvm,

Mean values of potassium removal are presented in Table 24

ahd anglysis of variance in Appendix IV,

1.

2

Co

d.

S

fa

h.

1.

20th day of transplanting

Yeeds in all the herbicide treated sub plots removed
significantly less potassium than the hand weeded and

unweeded plots,

All herbicide treatments were signifigantly superior to T16'
Treatments Ty T11 and Ts were‘superior and 1%4 and Té were

‘on pér with T15.

T1 and T10 werg superior and, Tyys T7 and 133 were on par

All unweeded sub plots were superior %o weedy check,

Fitrofen-nitrofen recorded significantly less potassium
removal than T9 and T15, and was on par with T3 and Tb.

Thiobencarb~hand weeding was significantly superior to
the other hand weeded sub plots.
Thiobencarbeno weeding was significantly superior to the

other unweeded sub plots,

Comparing all the treatments, T12 which recorded the
lovwest potassium removal was found +o be on par with TB
and Tg and superfor to all the other treatments. The

highest potassium removal was noticed in T18 which was
inferior to all other treatments,
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Table 21

Potassium removal by weeds (kgdha) - Secogd crop

Treatments 20th DT 40th DT At harvest

T, o 0.76 . 278 . 3.37
T, - 0,72 099 . 1.30
Ty 0435 0,92 . 1.5
Ty, . 0,88 2.94 3453
Ty 0,87 - 107 143
Tg 039 .. 1.00 . 1,56
T 0495 - 3.08 . 3,56
Tq - 0.92 1.03 1.58
Ty . 040 1M 1.65
: . 0.86 . 2.88 3,39
Taq ;o 0.82 . 097 1,30
Tys . 0,35 0.84 1,40
Tq3 .09 3.0 3.3
oy 0.9 R 1.47
45 0.45 1.07 1,64
CD, 0.047 0.106 0,424

Tug © 0.9 1.23 1,45
Ty7 K 0 .0 . 0

Tyg R B L . 3.6 3.96

. CDg 0.066 0.087 0,346

SE 0.02 0.03 0.12
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ii. 40th day of transplanting

e

b.

C,

d,
2
£f.
Ee

h,

i,

All herbicide treated sub plots were on par with the
hand weeded sub plots and both in turn were superior to
the respective unweeded sub plots except T12 vwhich was

superlor to both T10 and TH11

All herbicide treated sub plots were significantly

superior to hand weeding-hand weeding,

All band weeded sub plots were significantly superior
to T.IGQ

A1l unweeded sub plots were significantly inferior to T16'

Al unvweeded sub plots were significantly superior to T18'

T&z recorded lowest potassium removal and it was on par

with T3 and superior to TG’ T15 and Tg.

Weeds in T11 removed lowest potassium and it was on par

with Ta, T14 and T5, and superior to'Tb.

T1.recorded lowest potassium removal and it was on par

with T10 and superior to TQ, T13 and T?.

Among all the treatments, Tﬁz vwhich recorded lowest
potassium removal was on par with T3 and superior to
other treatments. Veeds in weedy check removed the
highest quantity of potassium and was significantly
inferior to all other treatments.’
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111. At harvest

Qe

b,
Ce

a.

e
L.

8s

he.

i.

All hand weeded sub plots vere on par with horbicide
treated plots and both in turn wers superior to unwesded
sub plots,

All herbicide treated sub plots were on par with Tei6*
All hand weeded sub plots were on par with T16'

All unweeded sub plots were significantly inferior
to T.‘sn I

Compared to weedy check, all unweeded sub plots ware

superior,

Tqo Tecorded low potassium removal which was on par
with other herbicide treatments,

'Though T%1 recorded low potassium removal, there was no

signiticant difference among the hand weeded sub vlots,

Yeeds in‘T13 removed less potassium and it was on par
with other unweeded sub plots except m?.

Among all the treatmente, lowest potassiun removal was

observed in T11 which was statistically equal to Ty
Tﬁa, TB' T16' T, and ?3. Higheat potassium vemoval
vas observad in T,, which was significently inferior to
all other treatments,

N
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Observation on Crop

Crop growth characters,

Height of Flants,

The mean values of plant height are presented in

Table 22 and analysis of variance in Appendix V.

i.

8a

b.

Co

d.

Ce

20th day of transplanting

All the hand weeded sub plots were on par with the
respective unweeded sub plots and all the herbicide
treated sub plots except T12 were superior to both the
hand weeded and unweeded sub plots. T12 was on par

$3 ang Tb were superior, T15 and Tg were on par and T12
inferior to T16' All these herbicide treated sub plots
were inferior to T1?¢

Ty and T&1 were on par with THG while T5, T14 and Té
were inferior to T&G' All these band weeded sub plots
were inferior to 137.

T1 and T10 were on par with T16 while Ty T43 and T7
were inferior to Tyg» All these unweeded sub plots were

inferior to T17.

All the unweeded sub plots were on par with weedy check,

P \g
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Table 22
Crop growth characters - second erop

Height of plants {(on) Tiller
Treatmnents ggi?gggﬂ a f%giéggng
20th DT 40th DT At harvest tillering stage
stage
T4 23.84 44,67 49,66 348,85 2.6
T, 23,20 55.80 64,50 &£29.34 3.3
T3 25,90 55.53 62,80 433.65 3.55
T, 21.71 42,40 46,97 349,51 2.59
Ty 22.00 54,60 61.63 420.50 3.29
Tg . 24,94 54,27 60.73 526 .95 2450
T 21,40 41,03 44,87 331.00 2.47
T, 20.23 5113 59,07 420,74 3.20
Ty . 23,50 50.27 56.43 386.71 3.43
T10 22,80 62,40 46,37 347,52 2465
Tqq 2243 55.80 65.00 432,02 3.28
Tqo. 21.30 55.20 62,13 433,22 3.61
Ty3 21,50 41.07 47.57 341.84 2,49
44 22,00 52,97 59.53 429,25 3.22
5 24,37 55.25 58.50 458 .57 3.45
€D, 1.618 1,493 2,362 49,927 0.045
46 23,59 53.36 59,49 W4 22 3.27
Tyq. 27.50 60,66 68.00 437,08 3.72
4. 22,73 39.42 45,23 328.93 2,43
cny 1,321 1,219 1.928 40,765 0,037

SE 0.46 0442 0.67 .14 0.01
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The highest plant height was obtained in T; which was
on par with TG and T15; T3 was superior to Té and THZ‘

The tallest plants were observed in T2 which was on

par with T11, T5 and TH& and was superior to qa.

Among the unweeded sub plant, the plant height was more
in T1 which was on par with T1O and superlor to ?h' TH3
and T7o

Among all the sub plots, tallest plants were observed

in T47. UNext tallest plants were recorded in Ty which

was on par with TB. The shortest plant was found in Tgs

L0th day of transplanting

No statistical difference in plent height was observed
among the respective herbicdide. treated and hand weeded
plots. However the plant height in both the plots were
significantly higher compared to the 'respective .unweeded
sub plots.

" Compavred’ to Tygr the treatmenﬁs'@B and' T,, were superior,

Tg and T, were on par and Tg was inferior in plant height,
But ell the herbicide treated sub plots were inferior

Compared to Tegs significant increase in plant height was

- noticed in‘Té, 4q and TE; plent height was on par in IHQ
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and less in TS' ‘1‘17 was superior to all the hand weeded
sub plots, .

d. The plant height in all the unweeded sub plots wvere

e, Compared to THB’ plant helght was superior in all the

unweeded sub plots,

£. Té recorded the highest plant height which was superior
to T9 and THSF and was on par with T12 and Tge

8. The plant height in T, was the highest which was on par
with T11 and T15 and superior to T1a and Tb.

h, The highest plant helght was obgerved in T, which was

superior to the other unweeded sub plots.

i. Among all the .sub plots, weed free plot produced plants
' significantly taller than all the other sub plots,

west plant hexghﬁ was measured in weedy check.

1ii. At harvest

a. T, and Ts; ?b an§ Tgs and Ty, an? T15‘were oé.par vhile
Tg and T11 werg superior to Té and T, respectively.
All these treatments were superior to the respoctive

., unweeded sub plots,

b, Compared to T16' the tréatments T3 angd Tha were sﬁperior,
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Tg and T55 were on par and Ty was inferfor in plant
height, Weed free plot was significantly superior to
all other treatments.

In comparison with T16’ plant height in T Ts and T11

© were found to be superior and that in Té and Ty were

d.
" were inferior to that of Tqg and Tqge -

S,

£,

h,

i.

on par. Veed free plot was significantly superior to
all the other treatments,

Flant height recorded in all the unweeded sub plots

T1. Tip» T10 and T13 were superior and T% on par with

- weedy check,

. The highest plant height was recorded in. T3 which was
‘on par with T12 and rg, and superior to T 15 and Té

which in turn were on par,

The plant height was more in T11 which was on par with
T, and superior to all the other sub plots., Next in
order were Tb, T4y and T

T1 recorded higher plant height, followed by THB’ which
was on par with Sn and Tﬁo. The lowest plant height
was in T7

Azong all the treatwments, T4 continued to produce
taller plents followed by T,, which was on par with Ty
Next in order were TS’ T12, T5 gnd TG and the lowest
plant height was observed in T1a.
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- By  Tiller number per mao‘

Mumber of tillers produced per Square metre at maximum
tillering stage was counted and analysed. Mean values are
presented in Table 22 and analysis of variance in Appendix V.

a. A1l the herbicide treated sub plots were on'par_with the
respective hand weeded sub plots and both were significently

superior to the unweeded sub plots.,.

b. Compared to Tigs Ty Was supertor and,Ty,, T3, Ty and Ty
were on'par. Compared to T§7; treatments T15, ng, T3
and Ts vere on par and Tg inferj.or._

€. There was no significant difference in tillepr number
between the hand weeded sub plots and that of T4g and T17.

d,’ Tiller number in'all the unweeded sub plots were signie
ficantly less than that of T4g and Toqe

= No statistical differenge in tiller number was observeg

between the wiweeded sub plots and that of T18'

£. The highest number of tillers was produced by x15 vhich
. Was on par with T&a' TB and Tg and superior to 19.

g. There was no slgnificant difference in tiller number of
hand weeded sub plots.

hf There was no statistical difference in tiller production

. among thé unweeded sub piots.

i; Among . all the sub plots, highest number of tiller per m2
was observed in Ty5 followed by Ty2s T4ze Tgo Tyqp Tpy
TH& and Tb. and the lowest tiller number was in the
weedy check,
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Leaf Area Index

Leaf Area Index was calculated at flowering stage.

Mean values are presented in Table 22 and analysis of variance
in Appendix V,

&,

D

Ce

d,

€
£,
ge
h.

1;

All the herbicide treated sub plots.were significantly
superior to the respective hand weeded sud plots and

both in turn were superior to the umweeded sub plots.

LA in all the herbicide treated sub plots were more than
that of T 469 but less than that of Tﬁ?‘

All the hand weeded sub plots recorded LATI on par with

LAT in all the unweeded sub plots were significantly
less than that of T 16 and 157. '

All the unweeded sub plots recorded higﬁer LAT than

LAI was higher in Tﬁz vhich was superior to other
herbicides, Next in order were T3, Tg and T4g5e Lowest
LAI was recorded in Tb.

Higher LAI was observed in T5 which was on par with T5
and Tyqe Next in order were Ty, and Tg»

10 recorded higher LAI and was on par with 11. It was
Pollowed by T&' T&3 and T7.
Among all the sub plots, highest LAI was observed in T17

which was superior to all the other sub plots. Second

highest LAI was in Thz followed by T3. Tge Tﬁ5, Tb énd
22 and lowest LAY was computed in weedy check,

2)
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Yield ‘components,

© Mean values of yield components ﬁiz. number of panicles,

length of panicle, weight of panicle, number of filled grains
per panicle and thousand grain weight are presented in Table a3

and analysis of variance in Appendix VI,

A.

Ba

b,

Ce

d.

e

L

Panicle number pen m2

No significant difference in panicle number was observed
between the herbicide treated sub plots and hand weeded
sub plots, And both of them were superior to the

respective unweeded sub plots.,

Panicle'number'in T16-was found to be on par with all
the herhicide treated sub plots. COmpared to TH7,‘
treatments T12, 13 and T6 were on par and T15 and Tb

were inferlor,

311 the hand weeded sub plots recor&ed panicle number
nearer to ‘that of Tyg, T, Tyqr Tg and Tﬁh were on par
and Ta was Anferior to T17.

11 the unweeded -sub plots were significant1y inferior

No significant difference in panicle number was observed
between the-unweeded sub plots am:d.f!','a.f

No statistical differcnce was observed among the herbicide
treated sub plots in panicle number,
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Table 23

Yield components - second ¢rop

Treatments ﬁgﬁigie ;gg??]l_ed ggﬁgeﬁ ¥ghg§ g‘gﬁl&nd
per m (cm) (g) gggigié wei gg
Ty 237,74 4 55 1.22 30.97 22,17
Ty 332.86 19.68- 1,55 . 53.27 23.05
Ty 320455 20,23 1.60 . . 56413 23,61
Ty 238.50  13.92 1.21 2897 22,24
Ty 319.39 17,72 1.53 47.27 23,24
Tg 318.82 1791 154 49,83 22.81
Ty 219,86 13.80 1,99 - 28.37 22,85
Ty 314,63 16,60 1.47 41,27 23.25
Ty 312,26 16.81 1.43 44,07 23.59
Ti0 236.41 14.31 1.25 30.47 22,28
Taq 330,90  19.73 1.55 52,07 23.15
Tin 325.77  19.49 1,64 58427 23.82
T13' 230,39 13.94 1012 28,17 22,68
Tas 319.47 16,90 1.49 41.37 23,37
T15 313.46 16,50 1.45 42,27 22 .44
cD, 21,503 1.193 0.128 6.195 0.540
Tyg 321.08 17.77 1.55 47.80 23.01
Ty7 333.61  20.08 1.66 60,11 22.95
T4a 230,05 13,40 1,08 28.13 22,87
CD3 17.557 0.974 0.107 5.058 0,441
SE 6.09 0.34 0.0k 1.75 015
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Similarly no difference in panicle number was observed

among the hand veeded sub plots,

A1l the unweeded sub plots were statistically similar
in the production of panicles, '

Among all the sub plots, highest number of panicles
yer unit area was observed in Weed free plot, which was

and lowest number was recorded in T7.

Length of panicle

length of panicle produced by the herbicide treated sub
plots were similer to that of the respective hand weeded

sub plots and both were superior to the unweeded sub plots.

Compared to T16’ treatments T3 and Tﬁa were superior,
Tg and Tg were on par and'T15 inferior, But in comparison
with Tym, treatmentéTé and Ty, were on'par and, Tg, Tq

and T15 were inferiér.

Panicle length of T, and T1? were superior to T16 whereas
that of Eb and T14 were on par and Té inferior to T15.
Compared to T17, treatments T, and T44 were on par. and

T5, T?& and Ts_were inferior,

All the unwecded sub plots were significantly inferior to
"that of TJIG and T17n

T4 and T, were superior to Tig vhile T, T43 and T, were
on par with it,
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T3 produced ‘the longest panicle and it was statistically
equal to iﬁa' followed by T6’ Tg and T15.

Ta and Ta1 produced panicles having more or less equal
length and they were superiler to the other hand weeded
sub plots. Next in order were Té, T4y and Tge

No statistical difference was observed among the unweeded

sub plots in panicle length.

Among all the treatments longest panicle-was in T3 and
it was on par with TH7, T11, Ty and 132. Shortest panicle

was observed in weedy check,

Welzht of panicle

All the herbicide treated sub plots were on par with the
respective hand weeded sub plots and both wore signifi-

cantly superior to the unweeded sub plots.

Panicle weight of all herbicide treated sub plots were
on par with that of T16 except T9 which was inferior.
T12 and T3 were on par with T17 and Tgs T15 and Tg were
Inferior to it,

No significant difference in weight of panicle was
observed between the hand weeded sub plots and T16°
Compared to T17, treatments T, and T4, were on par and
T5, T1 4 and *1"8 ware inferior.

All the unweeded sub plots were significantly inferior
to both THG and TH7.



@,

I,

h,

1.

e

b,

C,

T

130

Compared to T18' treatments T10, TH and TL were superior

and 27 and T13 werea on par,

T12 recorded the greatest weight of panicle and it was

on par with T3 and Tg while TB in turn was on par with

_&H5 and Tg.

Weight of panicle was more in Tg and it was on par with
all the other hand weeded sub plots.

No difference in panicle weight was observed among the

unweeded-sub plots.

Greatest weight of panicle was observed in Tqp (weed free)
arid it was on par with T12, TB, T, and 131. Lowest panicle
veight was recorded by weedy check.

Rumber of filled grains per panicle.

All herbicide treated sub plots were on par with the

_respective hand weeded sub plots except 132 which was

superior to Tﬁ1‘ All these sub plots were superior to

the respective unweeded sub plots.

Compared to THG' the treatments T12 and T3 were superior,
T6 and Té were on par and THS inferior, while THE and
T3 were on par with T1?, and treatments Tg, Tb and T15

were inferior to $§7.

With regard to number of f£illed grains, T2 was superior,
T11 angd T5 on par and T1h and Tb were infeprior to T16°
A1l the hand weedéd sub plots were inferior to Tﬁ?'
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All the unweeded sub plots were inferier +o both T16

No difference in number of filled grains was observed
between the unweeded sub plots and Tﬁa'

Number of filled grains was more in T;, which was on
par with T;, HNext in order were Tgs T9 and T15.-

7, produced higher number of filled grains per panicle
and it was on par with T., .and T. while T- in turn was
11 5 : 5

© on par with Tﬁh and Té.-

‘There was no significant difference among the unweeded

sub plots.

Among all the 'sub plots, number of filled grains was
more in T17 which was on par with T12 and THB’ followed
by Té; T11 ard Tg. Lowest number of filled grains was
in T180'

Thousand grain Qeight;

$3 was superior to T2 and both were superior to Tﬁ3
T5 and T& were on par and both were superior to Qh;
Té and T9 were on par and both were superior to T7§
T12 was superior to TH? and both were superlor to T10;

and T14 was_superior to T15 and THB'




b.

d.

-

£,

h.

1.

132

‘I'12, . T3 and T9 t-fere_ superior to T16' while Tg was on par
ang T15 Inferior to T15. ];n comparison with '.['.'.7 also,

'1‘1 29 T3 and '1'9 were superior and, Tg anq T15 were on par.

No significant difference was observed in thousand grain
weight between hand weeded sub plots and T16 while in

* comparison with '1‘17. T‘M was superior and '1‘ TB' T."

and T2 were on par,

Thousand grain weight of T.? and T 3 Were on par with
both T‘I g and '.1'17 while ‘1’10, TQ and T4 were inferior to

Compared to T1 g the treatments T7 and ‘.1‘13 were on par

and T4, T) and T, were inferior,

T12 recorded higher grain weight and 1t was on par with

T3 and Tg. Next in order was Tg which was on par with T15.

No significant difference in grain weight was observed
among the hand weeded sub plots.

‘1'7 recorded higher grain weight and it was statistically
equal to T‘IB while T13 in turn was on par with '1‘10, T&
and T1o

Among all the sub plots, greatest thous and grain weight
Tos Tags T‘i?’ T7 and Tg and the lowest test welght was
recorded in '.}?1 .
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3 . Yield.-

Mean values of grain-yield, straw yield, total dry
matter and protein content of grains are pregented in
Table 24 and analysis of variance in Appendix VI,

A. Grain yield

8. All hand weeded sub plots were superior to the respective
herbicide treated sub plots except T5 which was on par
with T6‘ All these hand weeded and herbicide treated
sub plots were superior to the respective unweeded

sub plots,

b; Compared to T16’ the treatments ?3 and Tﬁz were superior
and Tgo T15 and Té viere inferior. T17 was superior to
all the herbicide treated sub plots.

Ce T11 and Té were superior, T5 on par and EH& and Té
" inferior to T4ge ALl hand weeded sub plots were inferior
to Ty, |

d. All unweeded sub plots were inferior to both T16 and T17.

€, All unweeded sub plots were superior to T%B except T13
which was on par with Tyge

T, Higher grain yield was produced by TS and 1t was superior
to all the other herbicide treated sub plots, In the
order of high grain yield, T3 wvas fTeollowed by T12, Teo
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Table 24

Grain yield, Straw vield, Crop dry matter and Protein content
of grains « gecond crop

Grain yield Straw yleld rotal dry FProtein content

Treatments (kg/ha) (kg/hz) m%ggﬁgé) of %g?ins
T, 2189 3094 Loh6 8.21
T, 2830 Lotz 6480 8,350
Ty 2857 3914 6332 8.30
Ty, 2129 3014 4815 8.19
TS 2779 3945 5966 8.24
Tg 2769 3710 6055 8.24
Ty 2031 2944 4705 8.19
Ty 2761 3870 6207 8.20
Tq | 2698 3596 5880 8.22
Tio. - 2157 3052 haT? 8421
T11* 2895  40Gh 6513 8.29
Tyo 2833 3827 6226 8.30
43 2052 2845 4547 8421
Tys 2766 3886 6227 8.28
45 2721 3714 6017 8.27

cD, 21.2 38.0 2h7.5 N.S
T16 2790 3898 6179 8.21
Tyqe 3034 4157 6725 8,30
Tag 2042 2833 4611 8.18

CD5 17.3 3141 202.1 N.S

SE 5.6 10.8 70.1 -
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‘1'11 ‘recorded higher grain yield which was on par
wj.th Ty« Next in order was T5 ‘which was 'on par with

T‘Ih while T‘M in turn was on par with TB‘
. \‘
Higher grain yield was produced by T1 whic{x was superior

to the other unweeded sub plots. Nexb in order were '1‘10.
Pps T, and T, .. : B S
ln 7 13 4_ | _ - .- \\\ ;

1

Among all the plots, highest grain yield \s@s obtained
from T17 which was superior 'ho all other t%atmen’k.
Next in order were ‘1‘1.3, ‘1‘2, '1‘3, 112, '1‘5 and Ts,,, and the

Lowest yleld was recorded in T18'

Straw yield

Hand weeded sub plots'were found to be -superior to the
respective herblcide treated sub plots and both were

‘superior to the unweeded sub plots.

T3 was on par and T12' T15, Ty and Tg were inferior to
‘1‘16. | All herbicide-treated sub plots were inferior to T‘I?‘

Compared to Tage the treatments T4q9s Tp and 'I'5 were superior
and ‘1‘.1 A and TS were on par. All these treatments were

inferior to T,]?.
A1l unweeded sub plots were inferior to both Ty and Tqo.

A1l unweeded sub plots were superior to "T.l g except Ty3
which was inferior to T1a.
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Higher straw yleld was produced by TB and it was superior

to the other herbicide treated sub plots. T3 was followed

T11 recorded more straw yleld and it was on par with Té.
Next in order were TB' 1% and Tb

Among the unweeded Sub plots, more straw yleld was produced
by T, vhich was superior to others. T, vas followed by

Among all the plots, highest straw yield was obtained

from T4 which was superior to all the other treatments,

lowest yield was recorded in THB vhich was significantly
inferior to all the other treatments.

Crop dry matter production.

Comparison of sub plot treatments within each main plot
revealed that Té and TH1 were superior to Tb and Thz
respectively and all other hand-weeded.sub plots were on
per with the respective herbicide treated sub plots.

All these hand weeded and herbicide treated sub plots

were superior to the respective unweeded sub plots,

Ali herbicides treated sub plots were on par withkT15
except Tg which is inferior to‘T16. In comparison with
weed free plot, all these treatments were gignificantly
inferior,
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Compared to T16’ treatments T, and T11 ware superior,
TB and T14 wvere on par and TB inferior where as all the
hand weeded sub plots were inferior to Tﬁ7-

All unweeded sub plots were inferior to both T4g and T17.

In comparigon with Tﬁe' treatments T1, Q& and T10 were

superior and T& and T13 were on par,

Among the herbicide treatmepts T3 recorded highest total
DM which was on par with Tﬁz and superior to Tb, Tg
and T159 Taa in turn was on par with Tg and T15 and,

superior to Tg.

TH1 recorded the highest total DM which was on par with
Tzland superior to T5’ TB and T14.

Treatment T1 produced higher IM which was on par with
'Tg, T, and T,, and was superior to Tyze

Among. @11 the treatments, weed free plot recorded highest
DM which was superior to all other treatments. Second
highest DM was produced by Tyq 8nd 1t was on par with T,

Di1 was registered by T53 which was on par with ﬁ? angd T18'
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D. Protein content of grains,

There was no significant difference among the treatments

for this character.,

L, VWeed Index.

Weed Index explain the reduction in yield due to the
presence of weeds in a particular treatment plot In comparison
with the yield obtained from the weed free plot or the
treatment which recorded lowest number of weeds, Weed free
plot was taken as the base for the calculation of Weed Index
as it recorded the highest grain yield,

Weed indices worked out for the different treatments
are presented in Table 25,

Among the herbicide treated sub plots, T3 recorded
lowest Weed Index followed by T12, T6, T15 and Tg.

Among the hand weeded sub plots, lowest Weed Index
was worked out in T11 followed by To, Ts, T14 and Té.
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Table 25 = VWeed Index

Treatments Weed Index
'T1 27.85
Ty - © 5.08
JTS . 5.83
Ty, 29,83
'Ts - 8.41
Tg : 8.73
T7 ' ‘31.41
I ' 5.00
Tg ‘ : 11.07
T4o 28.91
Tq4 4,58
Tyo 6.63
T13 32.37
T4 8.83
T15 - 10.32
T16 8.04




T1 recorded the lowest weed index among unweeded

sub plots followed by T10, T&, ET and T13.

Hand weeding-hand weeding registered a weed index

value of 8.

| Among &ll the 17 sub plots, the best treatments in
the order of ranking were Taqs Ty T3y T40s T4go T5' Tge

Tqq 8nd Tge The highest weed index value of 32.7 was worked
out in weedy check.

5. BNutrient uptake by the crop.

A, Nitrogen.

The treatment difference were significant in the crop

[

o

uptake of nitrogen as is seen in the data presented in Table 26

The analysis of variance corresponding to the 20th DT, 40th DT

and at harvest are presented in Appendix VII,

i, 20th day of transplanting

a. All herbicide treated sub plots were superior to the
regspective hand weeded plots except T12 which was on par
with T11 and T10. All hand weeded sub plots were on par

with the respective unweeded sub plots.

b, All herbicide treated sub plots were on par with THS and
significantly inferior to T17.
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Nitrogen uptake by the crop (kz/ha) - Second crop

Treatments 20th DT 4L0th DT At harvest
T 50,62 46.47 61.87
T'2 39.82 68.76 82,67

Ty 45,97 70,10 82.01
Ty, 38,54 41.56 60.42
Ty 37.85 61.05 80,24
Tg 43,55 66.61 78.85
T, 34,76 41,79 58.86
Ty 35.82 57.55 79.19
Ty 43,86 59.28 76.37
Tao 37.84 46 .67 61.01
Ty 36.91 69.01 83.09
40.81 70,28 80.63
Ty 35,02 44,10 56.89
Tyy, 35.96 51.16 75.80
45 41,53 60,39 77.86

CD, 5.627 4.347 2.190
T4 41,68 66.86 79.82
Tqy 54,36 80.32 88.27
Tag 38,59 39.12 - 57.77

CDy 4.595 3.525 1.788

SE 1.59 1,22 0.62

o
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Compared to Tig0 treatments Té'and Tb were on par

and Té. T11;and T14 were inferior where as in comparison
with T17,-all the hand weeded sub plots were significantly
inferior.

All unweeded sub plots were statistically inferior to
T17 where as in comparison with Tag? treatment Ty Ty

and T4 were on par and T, and T3 were inferior,

All unweeded sub plots were statistically equal to T18'

23 recorded higher nitrogen upteke and it was on par with

other herbicides,

Rice plants in Ta absorbed greater quantity of nitrogen
and it was on par with other hand weeded sub plota,

Higher nitrogen uptake was observed in T1 and it was on

par with ?&, T10 and T13 and superior to Ts.

i.

ii.

Qe

Among all the treatments, T17 recorded highest nitrogen
uptake and it was superior to all other treatments.

Next best treatments were 23, Tg and TS. Lowest nitrogen
uptake was rescorded by T,.

40th day of transplanting

TB. Té and-T12 were on par with Tpy T and IH1 respectively;
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TG and T15 were superior to TS and T1h respectively,
All herbicide treated and hand weeded sub plots were

superior to the respective unweeded sub plots,

Tqz» T3 and Ty were on par with T,.- where as T4 and
Tg were inferior to T,g. All these treatments in turn

were inferior to T17.

Compared te T16’ treatment T11 and T2 wvere on par and
TS’ Tg and T14 were inferior. All hand weeded sub plots

ware inferior to Tﬁ7.
All unweeded sub plots were inferior to both T16 and T17.

Compared to Tqgs treatments Tqpr Tq and T were superior

and m7 and T, were on par,

Nitrogen uptake was higher in T12 which was superior to
T15 and Tg, and T4, Was on par with T3 and Tg.

T11 recorded high nitrogen uptake which was similar %o T,

and superlor to T5, Té and Tﬁa.

Nitrogen uptake was higher in T10 and it was on par with
T1 and T13 and superiocr to T7 and 24.

Among all the treatments, highest nitrogen uptake was
recorded by weed free plot which was significantly superior
to all other treatments. Next best treatments were T12,
33, T11, Té and T16° Lowest nitrogen upheke was from

weedy check which is significantly inferior to all other

treatments except TA and T,
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1i1i. At harvest

e Ta, ?5 and T14 were on par with T3,-TB and T15 respactively
whereag T8 and Tﬁ1 were superior to T9 and THZ regpectively.
But all these treatments were superior to the respective

unweeded sub plots.

‘b, Compared to T,g» T3.was superior, T,, and T4 were on par
3and, T 15 and Tg were inferior; ﬁhere as all these herbicide

treatments were inferior to T17.

Ce In comparison with THS’ treatments T11and T2 vere superior;
| T5 and Té on par and, T1& was inferior. All these hand

weeded sub plots were inferior to T17.
d, All unweeded sub plots were inferior to both T16 and T17.

e. Compared to T18’ treataoents T{,'T10 and Th were superior,

and T7 and T13 wvere on par.

f. Nitrogen uptake was more in T3 which was superior to Teo
T15 and Té and was on par with THZ‘

g. T11 recorded higher nitrogen uptake which was on par with
I, and superior to TS' Ty and Tase

h. Nitrogen uptake vas highgr in T, which was on par with
T10 and T, and superior to T? and T13.
i. Among all the treatments, greatest nitrogen uptake was
in Ty, and it vas significantly higher than all the other
treatments, Next bést treatments were T11, Té, TB' T
T5 and T16' Weedy check recprded lowest nitrogen uptake

which was significantly inferior to all treatments except
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Phosphorus.

MEap values are presented in Table 27 and analysis of

variance in Appendix VII,

i.

Qe

b.

Ce
d,

Oa
£.

8e

‘h.

i.

20th day of transplanting

ﬂh, T5 and ﬂs vere on par; TﬂO"T11 and T12 were on par;
T3 was superior to T2 but on par with TH; Té was superior
to.Té and T,; and T»s was superior to T14 and T13.

All herbicide treated plots were on par with Tﬁﬁ and
inferior to Tﬁ?

Compared to THG' treatments Té and TB were on par and T11,
T4y and Tg were inferior, but all hand weeded sub plots
were significantly inferior to 17° -

In comparison with THS’ troatments Ta, Th and T10 were on
par and T 3 and T11 vere inferior vhere as all unweeded
sub plots were inferior to T17.

A1l unweeded sub plots were on par with THB.

Though T3 recorded higher uvptake of phosphorus, there was
no significant difference‘amOng.theztreatments.

Similarly T, recorded higher uptake.of,phOSphorus, but
they were on par. | . ,

Tﬁ was on par with T& and THO but superior to T13 and T7.
Among all the treatments, highest, phosphorus uptake was

observed in T&? which,was ouperior to all other treatments,
Néxt begt treatments were TB' Tg, TE' T15 and T&z. Lowest
phosPhorus uptake was recorded in Tb.‘
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Table 27
FPhosphorus uptake by the crop (kg/ha) -~ Second crop

Treatments 20th DT 40th DT At harvest
T1 13.61 18.60 23,33
Ty 13.34 25,54 30.58

Ty - 15.25 26.53 25,85
Iy, - 12,90 16.55 22,73
-TS' . 12.78 23.69 29,72
T - 443 25,52 28,452
T 11.63 16.61 22.21
Ty - 11.98 . 22,60 29.29
Tg 14,83 22.83 27,69
Ti0 12.66 18.75 23.02
3 . 1235 26.93 30.74
- Tqs .- 13.54 27 11 29,33
-T13 11.70 17.76 2146
T4 12.01 20,23 29.38
- Tys 14,06 23.38 28,35
CD, 1.892 1.695 0,221

s 13.50 26.48 29,53
Tye 17.88 31.13 31.70
- Tyg - 13.01 15.39 21.82
Chy 1.545 1.384 0.181

SE - 0.54 - 0.48 0.06
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1i, 40th day of transplanting

2. T3, T9 and T, 12 were on par with T 2 Té and T51 where as
TG and T15 were superior %o Tb and Tﬁh respectively.
All these treatments were superior to the respective

unweeded sub plots.

b. Compared to THG’ treatments Tﬁz' TB and Tg were on par
and T15 and Tb were inferior, All of them were signi-
ficantly inferlor to T&7.

¢c. In comparison with Tﬁﬁ’ treatmentsT11 and T, were on
par but T, Té and T14 were inferior. All hand weeded
sub plots were significantly inferior to T17.

d. All unweeded sub plots were statistically inferior to

e. Compared to THB’ treatments THO’ T1 and 133 were
superior where as T7 and 2& were on par,
f, On par with T3 and Tb, treatment T12 recorded higher
_ phosphorus uptake and it was superior to T15 and Tg.

g, On par with Ta, T11 absorbed higher quantity of phosphorus
and it was superior to T 59 T and T1h'

h. Phosphorus uptake recorded in T10 was superior to T% and
T& and, was on par with Tﬁ and Ta3.

1. Among all the treatments highest phosphorus uptake
recorded in weed free plot was significantly superior

than all other treatment, Next best 4treatments were
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T12’ T11, T3, T16 and Tao Lovest uptake Of phosphor’us
was observed in weedy check which was inferior to all

other treatments except 2& and T%.

1i1, At harvest

Qe

b.

Co

d.

1=

h,

All the hand weeded sub plots were significantly superior
to both the herbicide treated and unweeded sub plots.

Compared t°'TH6' T3 was superior, T12, TB, T15 and T9
were inferior.: All herbicide treated sub plots were

inferioxr to T17. :

In comparison with T16’ treatments TH1, Té and T5 were
superior, Tﬁh on par and Ta inferior. But all hand
weeded sub plots were inferior to Tﬁ7.

All unvweeded sub plots were significantly inferior to
both T16 ‘and T17Q

All unweeded sub plots were significantly superior to
T.l 8 excep‘t T1 3 .
Highest phosphorus uptake was observed in ‘1‘3 which was

superior to other herbicides,

On par with Tz, T11 absorbed higher phosphorus and it

was superior to other hand weeded treatments.

T1 which absorbed highest quantity of phosphorus was

superior to other unweeded sub plots.

N
-
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Among all the treatments, highest phosphorus uptake
was in weed free plot which was significently superior
to all other treatments, Next best treatments were '
T11, Té, TB’ TB, T16 and T12. Lowest phosphorus uptake
was recorded in weedy check which was significantly
inferior to all other treatments except T%B.

Potassiunm,

Mean values are presented in Table 28 and analysis of

varisnce in Appendix VII,

i.

8+

b.

C,

d,

€.

20th day of transplanting

Tg was superior to TB and ET; T15 was superior to Tﬁa
and T13; T3y Tg and T,, were on par with the raespective

hand weeded and unweeded sub plots,
All herbicide treated sub plots were on par with T16’
but were inferior to T17.

Compared to T,s, treatments T, and T; were on par, and

In comparison with T4g0 treatments Tqs Ty and Tyo Were
on par and T% and TﬁB were Inferior where as all unweeded

sub plots were inferior to EH?‘

All unweeded sub plots were on par with T18’
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Table 28

Potassium uptake by the crop (ke/ha) = Second crop

Treatments 20th DT 40th DT At harvest
T, 26,20 27.33 36.40
T,  25.69 39,38 53415
Ty 29.10 40,01 51.86
Ty, 24,82 24,25 35.37
Ty 24,61 34,98 51.56
7g . 27,55 37.98 49.63
T7 22.4h 24,39 34,52
g 23.12 33,16 50.78
Tq 28.86 34,24 48,12
Tag 24 43 27.31 35.88
Tyq 23.83 39,44 53,49
Tas 25,84 40.28 51.13
T3 22.64 25.76 33,36
Tys 23.25 29,56 50.94
Tys 27.75 34,87 49,72

CD, 3.664 4,604 0.455
T46 26.88 28,66 51.07
T4y 34,01 46,70 55.42
Tia 24,35 20,85 33.38

CD3 2,992 3.759 0.370

SE 1.04 1.30 0.13
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T3 which recorded higher potassium uptake was on par

with other herbicide treated plots.

T2 which recorded higher potassium uptake was on par
with other hand weeded treatments,

Thiobencarbeno weeding was superior to T10 and 27,

and was on par with Th and THB'

Among all the treatments, highest potassium uptake was
observed in weed free plot and it was superior to all
other treatments., Next best treatments were st T9,
T15, Tg» T16’ T12 and T,. Lowes# potassium uptake was

cbserved in T7.
40th day of transplanting

All herbicide treated sub plots were on par with the
respectlve hand weeded plots and both were in turn
superior to the respective unweeded sub plots except

T,5 which was superior to both T,, and Tyxe

Compared to 136’ treatments T12, T3 and T6'were on par
and, T9 ang THE were inferior where as all the herbicide
treated plots were inferior to Ty

In comparison with T15, treatments T2’ Tb and T11 vere on

par and TB and T14 were inferior where as all the hand
weeded sub plots were inferior to T17.
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d.. A1l unweeded sub plots were significantly inferior to
bOth T16 and T17n

e, Compared to EHB’ treatments T1, T10 and 133 were

superior, and TB and T7 wers on par,

b igh T12 which recorded higher potassium uptake was on par
with T3 and Tg end superlor to T9 and T15.

g+ Ty4 which recorded higher potassium uptake was superior
‘fo TB and Tﬁh' and was on'par with Té and T5.

h.' No significant dlfference in potassium uptake was observed
' among the unweeded sub plots.

i, Among all the treatments, weed free plot which recorded
‘highest potassium uptake was superior to all other
treatments. Next ranked treatments were Tiz' T3, T11, Ta,

' T&s and ﬁs.' Loweat potessium uptake WQS'observed_in
weedy check.

111, At harvest

&, All hand weeded sub plots were sdperior to the herbicide
treated sub plots and both in turn were superior to the

respective unweeded sub plots.

b. Compared to Tas, treatments Té wvas superior, T&a on par
and Tb, Tb and TﬁS vere inferior., All herbicide treated
sub plots were inferior to TH7.
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Toy T5 and T,4 were superior to T4 Whereas Tg and T, h
wers on par with Tyge All the hand weeded sub, plots
were Inferior to Th7.

4

All unweeded sub plots were signiﬁcantly 1nferior to

. both T16 and T17

All unweeded sub plots were superior to Tﬁ,s except' T13

. which was on par with T 18*

Among the herbicide treated plots, 'i':hiobeni:arb-ﬂliobencarb
was signiﬁcantly superior to other herbicides followed

-T,” recorded Bignificantly high potassium uptake than

all the other hand weeded treatments except T, which was

-on par with it. Next in order were Tﬁ’ T44 @nd Tg.

T1 was gignificantly superior to all other unweeded

. sub plots followed by '.!.‘10, Th' 7 and 'T13'

i

Among all ‘the treatments, T‘I‘? reéorded '-highest potassium

~ uptake which was significantly superior to the other

6.

treatments, Next in order were Tﬁ, T2, T3, T5, ‘1‘12,
T6r, Ty and Tg. Ty3 recorded the lowest potassium
uptake which was on par with T,g, '

Economics of weed management.
Mean values are presented in Table 29 and analysis of

variance in'Appendix VIII.
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Table 29

Economics of weed manasement = Second crop

Increased yield Monetary Total cost
over control value of of weed

Treatments (kg/ha) increased control N%£/g§§urn
Grain Straw %é?%g)* ?gﬁgggions
T, 147 211 412 0 42 (2612)
T, 838 1160 2320 . 1100 1220  (3220)
15 815 = 1034 2188 ' 496 1692  (3692)
T 87 = 131 267 0 247 (2247)
Ts .0 737 4062 2070 . 1100 970  (2970)
Tg 727 827 888 . 376 1512 (3512)
T 3% 61 113 0 13 (2113)
Ty 719 987 1985 1100 885  (2885)
Tg 656 713 1680 L6 1219 (3219)
T10 © 115 169 325 0 325 (2325)
Tqq © 853 1181 - 2362 1100 1262  (3262)
Tys 791 okt 2085 - 791 1294 (3294)
Ty3 © =30 ~38 -8f 0 -81  (1919)
Tas, CoT2h 1003 2005 - 1100 905  (2905)
Ty5 - 879 - 83 1804 L2t 1380  (3330)
CD, - - - 164,2
Tug 748 1015 2057 1100 957  (2957)
T47 © 992 127k 2677 ¢ Lh4y -1767 (233)
CD . - - - | 141 .6
SE ' : - 49

Figures in paranthesis ara the “"x 2000" transformed figures,
*Price of produce Grain & 1.80/kg, Straw B 0.70/kg.
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Comparison of sub plots within each main plot reveals
that herbicide treatments were superior to the respective
hand weeded sub plots except Tha which was on par and
both herbicide treatments and hand weeding were superior

to the corresponding unweeded sub plpts..

A1l the herbicide treatments were significantly superior
than T#G énd 217-

’

Compared to T4 treatments T, and-ia1'were_superior, Tg

and T1h on'par'gnd Tb inferior where as these hand weeded

treatnents were superior to 217.

All unweeded sub plots were aignificantly inferior to T46

-

'Among the. herbicide freatments,'high net profit. was recorded

by T3 'which was.superior to'all the other herbicides and

~ closely followed by Tge Ce

T11 recorded high net prqf;t'among the hand weeded

- treatments which was on par with T, and both were superior
" to the other hand weeded treatments. :

Highest net profit was obtained fron TH among the unweeded

" sub plots and it was superior to all other unweeded sub

plots.
Among all the treatments, highest net profit was obtained

. from 13, which was superior to all other treatments. It was

followed by TB, 15+ 12, T11; Té and Tb. The most uneconomic
treatment was found to be the completely weed freg treatment

* which recorded a negative value.
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7. Total Grain vield of First and Second Crops.

Hean velues are presented in Table 30 and analysis
of variance in Appendix VIII,

a. All hend weeded sub plots were on par with the respective
herbiclde treated plots and both were superior to the

uniweeded. sub plots.

be Compared to hand weeding-hand weeding, Ty and T,, were
superior and-Ig, T§ and T15 were Inferior, All these

herbicide treatments were inferior to weed free plot,

C. Similarly, T, and‘131 wereg superior and TE’ Ty and T4e
were inferior to T16', All these hand weedgd sub plots

~ were inferior to TH%; - ’

d, A1l unweeded sub plots were significantly inferior to
THG ang T17. ,

e, All unweeded sub plots were significently superior to T18'

fe Among the herbicides, nitrofen-nitrofen .ranked first and

" was on par with 23 and both were superior to other herbicides.
£ T11 recorded higher grain yield and it was superior to other
‘hand weeded treatments, fbllowpg by Téawhich was els8o superior
' to T5, Tb and T14. . . o ,

h. 'I'1 registered higher grain yield among the unweeded sub plots
and it was on par with T40 and both were superior to other
unweeded Sub plots,

i, Among all the treatments, _17 recorded highest grain yield
which was significantly superior to all other treatments,

Next ranked treatments w§re IH1, T,' 132, TB, ?16' Tb, 13,
Tﬁh,.T15, Tb and Tg. Lowest grain yleld was recorded by 7
which was significantly inferior to all other treatments,
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Table 30

Iotal grain yleld of first and second erops

Treatments Tota%igigin

(kg/ha)
T, 5953
T, 6644
Ty 6621
Ty, 5816
T5 6477
Tg oL57
T7 5396
Tq 6076
Ty 6013
o 597
Tq9 - 6685
- Tyo 6623
T13 ' 5393
Tag 61483
T15 6103

'CDh, 19.8
Tig 6549
Ty 6989
Tig 4402

CD3 16.2

SE ‘5.6
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8. Herbiclde Residual Toxicity Study.

To find out the residual toxicity of the herbicides
applied in the first crop and second crop seasons on the
succeeding crop, 100 seeds of cowpea cv 8152 were sown
in each of the treatment plots during the third ¢rop season,
Germination of cowpea seeds was assessed on the 10th day of
sowing. Mean values are presented in Table 31 and analysis
- of variance in Appendix VIII,

Observation on the germination of cowpea seeds as
influenced by the residual toxicity of herbicides shows
that there was no significant difference among the various

treatments,



159
Table 31

Germination of cowpea seeds as affected by the residues

of herbicides (%)

Treatnents Cermination %

T, 87.33
T, 87,33
Ty 86,33
T, 87.00
Ty - 86,67
Tg 86,67
T, 87.00
Ty 86.33
Tg 86,00
oo 86.33
Tyq 87.33
Tyo 86.00
Tyz 85.33
Tog - 84,67
5 84,67
CDy N.S
Tig 86.34 -
Typ 85t
Tys 85.44
. CD; .5

N.S - Not significant.

——
e,
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DISCUSSION

A field experiment was undertaken to find out a
suitable weed management technique for rice based cropping
system under transplanted condition, using rice variety
Iriveni, The experiments were conducted at the College of
Agriculture, Vellayani, during the Virippu-Mundakan seasons
of 1984-85, Results obtained from the experiments were
statistically analysed and are discussed here under.

FIRST CROP

Observation on Weeds

1. Weed species.

Observation on weed species (Table 3) revealed that
grasses, sedges and broad leaved weeds competed with rice
plant. But the competition was mostly by grasses followed
by sedges and broad leaved weeds. Most important grass

weeds identified were Brachiaria ramosa, Echinochloa colona

and B, crus-galli, Cyperus iria and Fimbristylis miliacea

dominated among sedges where as Ludwigia parviflora, Marsilia
quadrifoliata and Monochoria vaginalis were the prominent

among broad leaved weeds. Most of them were annuals and were
completing their life cycle along with the rice crop.
Ravindran (1976), Abraham Varughese (1978) and Sukumari (1932)

also made similar observations.



161

2. ¥Yeed population,

Monocot and dicot weed population were estimated
Scperately and recorded on the 20th DT, 40th DT and at
harvest. The data presented in Table 4 show that the
monocots out numbered the dicots through ocut the crop period,
The monocot weed population constituted more than 85 percent
of the total weeds. The monocot weeds having similar growth
habits of rice could compete more efficiently with the crop
especially dwarf indices. They also persisted throughout
the crop perfiod. During the later stages of growth, tho
canopy of the rice crop suppressed the dicots growth, where
&3 1t could not suppress monocots like Echinochloa colona, E.
crus-galli etc, This might be the reason for the presence
of more number of monocots compared to dicots. This is in
agreement with the findings of Ravindran (1976), Abraham
Varughese (1978) Sukumeri (1982) and Shahi (1585)., Figure 3
reveals that the weed population in weedy check increased
almost steadily up to the 40th DT and there after the increase

in number was negligible,

A. HMonocot weeds.

The results of the weed count presented in Table &
show that the monocot weed population in the weedy check
increased from 198 on the 20th DT to 529 on the 40th DT and
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to 555 at harvest., In terms of competition the weed number
per rice plant works out to 1,48 on the 20th DT,. 3.95 on the
40th DT and 4.14 at harvest,

fAmong the herbicides tried, nitrofen and thiobencarb
were superiér in the early stages of growth, while during _
the later stages, they were on par with all other herbicides
and hand weeding., The number of weeds per rice plant in
nitrofen and thiobencarb treated plots were only 0.15 and
0.23 on the.20th DT, 0.87 and 4:33 on the 40th DT and, 1.45 and
1.50 at harvest respectively., Similar trends in weed number
and competition on the 40th DT and at harvest were seen. in
other herbicide treated plots also., After 40th DT, the
increase in weed number was not éﬁhStantial. This also
prbves that the weed number and there by competition was
" severe from the 20th to 40th DT,

Abraham varughese (1978) and Sukumari (1982) observed
that the weed growth and competition within 40 days have
significant influence on the rice yield,

In the hand'weeded plot, the monocot weed count was on
par with weedy check on the 20th DT because on both the plots
no weed control measures were taken up to this stage. The
number of weeds increased from 203 on the 20th DT to 230 on

the 40th DT and decreased to 229 at harvest. 'This shows that
hand weeding carried out on the 20th and 40th DT did not prevent
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further germination and establishment of weeds. In terms

of per plapt competition, the weed numbers were 1,5, 1.7

and 1,7 on the 20th DT, 40th DT end at harvest respectively,
which shows that by hand weeding the number of wecds competing
with the rice crop could not be reduced substantially.

From the above discuséion, it can be inferred that by
hand weeding or by hefbicide treatment, the monocot weed
population can be considerably reduced and thus competition
can be minimised compared to weedy c¢heck, Similar results
were, reported by Mukhopadhyaya and Mondal (1981), Rao and
.Gupta (1981} and Dhananjal Singh et al (1985).

B, Dicot weeds,

In general the dicot weed population was comparatively
low in all the plots (Table &), The dicot weed population
vas lowest in the plot treated with nitrofen on the 20th DT
where as it was lowest in, the plot treated with pendimethalin
on the 40th DT; however the effect of other chemicals was
also on par, , At all stages of c¢rop growth the highest number
of dicot weeds was observed in weedy check.

Among the tréatments, nitrofen and pendimethalin were
fbund to be most efféctive 1n reducing the dicot weed population
during the eritical periods of crop growth. | '
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Mukhopadhyaya and Mondal (1981) got similar results
with nitrofen. Verma et al (1978) and Lakshmi (1983)
observed that the dicot weed population can be efféctively
controlled by herbicide treatment.

C - Total weeds .

It may be noted from the Table &4 that the total weed
population in the weedy check increased from 231 per m2 on
the 20th DT to 591 on the 40th DT, after which the increase
was only 6.84 weeds at harvgst. In terms of competition,
the weed number per rice plant increased from 1.72 on the
20th DT to 4,41 on 40th DT and 4.46 at harvest, This shows
that the competition from weeds is very severe from the

20th DT to 40th DT in the weedy check.

Among the herbicides tried, nitrofen and thiobencarb
were'found to be superior to other herbicides on the 20th DT
and there-after all chemicals and hand weeding were on par
except fluchloralin on the 40th DT, VWhile studying the total
nupber of weeds competing with a rice plant in the nitrofen
and thiobencarb treated plots, it was found to be in the
order of'0.22 and 0.33 on the 20th DT, 1.06 and 1.63 on the
40th DT, and 1.64 and 1,76 at harvest respectively. Similar
trend of competition was observed in othep herbicide treated
plots also. From this it becomes clear that after the 40th DT,



iFhe increase in weed number was negligible which again proves
‘that the weed number and thereby weed competition wiS;severe
!En the early stages of crop growth (up to 40th DT)., Similar
observations were made by Abraham Varughese (1978) and
:Sukumari (1982),

I
|.a$ on par with weedy check on the 20th DT, because no weed

Lontrol neasures were attempted in these plots upto 20th DT,

||
|I ‘The data presented in Table 4 show that hand weeding

fgone on the 20th DT did not prevent further germination and
Lstablishment of weeds between the 20th DT and 40th DT,
letually the number of weeds was more (260) than that was
available on the 20th DT (236). The number of weeds per
rice plant on the 20th DT, 40th DT and at harvest were 1.76,
l% 94 and 1.84 respectively., At the time of hand weeding,
soil is stirred, which might have induced germination of weed

In the hand weeded plot, the total weed population

I‘eeds and also seeds lying below were brought to surface,
i
:3 During the process of hand weeding due to human error,
;Fome small weeds are left unnoticed, and some weeds get broken
at ground 'level and regenerated, which may not give a tough
loompetition as fully grown weed., This may be the reason why
'the hand weeding was found to be on par with all the herbicides
Ln 40th DT and at harvest,

|
ji
i
'
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In general, it may be seen that by herbicide treatment
and by hand weeding, the total weed population can be reduced
which in turn provide a congenial environment. for growth and

establishment of rice crop.

Singh et-al (1979), Mukhopadhyaya and Mondal (1981) and
Lakshmi (1983) have reported the superior herbicidal action
of ﬁitrofen vhile Ravindran (1976), Chela and Gill (1981),

De Datta (1981) and Shahi (1955) got better weed control with

thiobencarb.

3. Dry matter production by weeds.

~ An appraisal of the data presented in Table 5 and Fig. 3
reveals that the total weed DM in weedy check was the highest
on’ the 40th DT end at harvest, ' However, the DM was almost
proportional to the total number of weeds on the 20th and
40th DT, But at harvest, eventhough the incremental - increase
in total weed population per n> was the lowest (6.84), the DM
was' more (0.18 g per weed) compared to the 40th DT (0.10 g)
and the 20th DT (0.14 g). Unchecked weed growth might have
" enabled to absorb. mutrients in greater amounts and thus

produced highest Dy,

Among the herbicides, nitrofen, thiobencarb and
butachlor decreased the total weed DM at all stages of cTop
growth, The reduction in the total DM in these herbicide
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treated plots was more due to the reduction in weed number

per un;t area, rather than due to individual plan? accumulation,
Rao and Gupta (1981) and Lakshmi (1983) found reduction in DM
by the application of nitrofen while De Datta (1981) and

Shahi (1985) pfoved that thiobencarb was more effective in
reducing DM in transplanted rice. Pareira and Ghosh (1980),
'Singh and Sharma (1981) énd Shahi (1985) recorded reduced Dif
'5y the application of butachlor in transplanted rice.

In the hand weeded plot, the DM was more or less equal
to:that of weedy check in the early stage of growth, since no
weed control measure was taken in both the plots upto 20th DT,

" The DM per weed on the 20th DT, 40th DT and at harvest
'in the hand’ weeded plot was 0.14, 0.14 and 0.17 respectively.
' Probably weeds could not accumulate- sufficient dry matter
during the period from the 20th DT to 40th DT as-in 'the early
'and later stages:' This may be due to the ;évere competition
- of the rice crop and in the later stages of growth (after the
4Oth DT) the weeds got nearly 45 days for growth and dry
matter accumulation.  On the hoth DT and at harvest, hand
weeding was on par with nltrofen, thiobencarb and butachlor.

§1m11ar findings were reported by Dhananjai Singh et al .~
(1985) and Patil et al (1986).

In general it can be seen that the variation in DM was

more due to the weeéd population rather than due to individual

contribution.
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4, Weed Control Efficiencx.-

Weed control efficiency worked out for various treatments

are presented in Table 6.

The highest weed control efficiency of 76-87 percent
during the critical period of crop growth was found in
nitrofen treated plot, closely followed by thiobencarb
(63-81 percent). Fext highest efficiency was shown by hand
weeding (56 percent). Pendimethalin had a weed qontroi
efficiency of 50 percent only. Fluchloralin had the least
efficiency.

In general, the above discussion reveal that nitrofen
and thiobencarb have the highest weed control efficiency,
which is higher then hand weeding, This is in conformity
with the findings of Mohammed Ali and Sankaran (1975),
Ravindran (1976), Sreedevi (1979) and Lakshai (1983).

5. HNutrient removal by weeds,

It is seen from the Table 7 that in general, nutrient
rezoval by weeds at all stages of growth was highest in the
wéedy check. This reveals that large quentities of the
available nutrients in the soil have been exploited by weeds
for their growth and development which in turn adveraely
affected the yield of the erop (Table 10).
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Weeds in the weedy check removed nitrogen, phosphorus
and potassium at the rate of 6.89 kg, 2.41 kg and 5.23 kg
per ha on the 20th DT; 12.90 kg, %4.73 kg and 9.34 kg per ha
on the 40th DT} and 19,98 kg, 7.86 kg and 13.46 kg per ha

at harvest respectively,

Among the herbicides tried, nitrofen and thiobencarb
treated plots closely followed by butachlor showed lowest

NPK removal by weeds compared to other treatments.

Weeds in hand weeded plot removed almost equal amount
of NPK as 1n'the case of weedy check on the 20th DT, probably
due to noneweeding t1ll that stage. But on the 40th DT the
nﬁtrient removaliin this treatment was lowest and at harvest

second lowest as compared to other treatments,

In general, nitrofen, thiobencarb; hand weeding and
butachlor significantly reduced the NPX removal by weeds
compared to other treatments at all stages of growth.

" It can also be noticed that the nutrient removal is
directly related to the dfy matter accumulation of weeds,
Among the treated plots, the trend of removal of NPK 1s almost
‘the same at all stages and no preferentiasl absorption of any
of the nutrients by weeds was observed in these plots,

John (1981) and Lakshmi (1983) also expressed this view,

In geheral, the'nutrient rémoval was more in the case of
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nitrogen followed by potassium and phosphorus. . Similar
observations were madé by Ravindran (1976), John (1931) and
Lakshmi (1983),

Observation on Crop

Results of ‘observations on biometric characters,
yield attributes, yield and chemical analysis of plant parts

are discussed below,

1. Crop growth characters,

A. Helght of plants,

Completely weed free treatment produced the tallest
plants at all stages of growth (Table 8) and shortest plants

were recorded in the weedy check on the 40th DT and at harvest,

This corroborates with the findings of Patil et ai (1986).

In the early stage of crop growth, there was not mueh
difference in plant height iIn herbicide treated plot, hand
weeded plot and weedy check except in nitrofen treated plot.
On the 40th DT, thiobencarb, nitrofen and butachlor were
found to be on par with hand weeding as well as completely
weed free. This shows that. in the early stage the plant
helght was not adversely affected by the weed competition
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as well as by the chemical effect of the herbicides on the

CIop.

At harvest, thiobencarb, nitrofen and butachlor
continued to show parity with hand weeding in producing
tallest plants, This reveals that these herbicides and
hand weeding suppressed the weed growth both in number as
'well as total DM. So the crop piants were able to establish
well and produce nearly uniform height as in the case of
weed free plot, But in weedy check the plant height was
s;gnificantly redu&ed'oh the 40th DT an& at harvest.

. Mohamed A1l én& Sankaran (1975) énd Yamogishi et al {(1976)

expressed similar views,

B, Tiller pumber.

The tiller count was taken at maximum tillering stage
and ihe data presented in Table 8 show that completely weed
free plot which produced highest number of tillers (476.60
per mz) was on par with hand weeding, nitrofen, thiobencard
and butachlor. This shows that these herbicides couid

effectively contain weed competition and increaseéd the tiller
}

production equal to that of weed free situation,

Due to severe weed competition,. tiller number was
lowest in weedy check (401.33 per ma)a Experiments of
Narayana Swamy (1976), G111 end Mebra (1981) and Shahi (1585)
recorded identical results.
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The highest tiller count of 476,60 per m? obtained in
the weed free plot may be due to the additional benefit of
soil stirring given at the time of weeding there by providing
better aeration in the root zone. ' The hand weeded plot also

received such a benefit twice compared to herbicide treatments,

C. Leaf Area Index,..

The leaf area index was the lowest (3636) in the weedy
check (Table 8)., Severe weed competition in this plot
adversely affected the vegetative charactors and growth of
the plant which was reflected in the low plant height and
' least tiller number recorded in that plot. Similar results
were obtained in trials conducied by Yamogishi et al (1976)
and Sreedevi (1979),

Among the herbicides, nitrofen and thiobencarb had LAI
as good as that of hand weeding (4.27)'and»comp1etgly weed
free (4.32) trecatments, This shows that the crop hed a
normal growth and the remaining weeds could not signitiéantly
influence this character in these plsts. The LAI of butachlor
treateq plot was nearly equal to that of thiobencarp treatnent,

This result indicate that the thiobencarb, nitrofen and
hand. weeding treatments produced LAI as good as that of weed

free plot. Since there was no competition for nutrients,

space and suniight from the weeds, the weed free plot was able
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to express pronounced growth parameters inecluding the LAI
where as in weedy check, severe weed competition retarded

the crop growth and registered the lowest LAI.

The above discussion points to the fact that weeds
growing in association with the crop will reduce the

vegetative potential of the crop.

2. Yield components.

Comparative study revealed that all the herbicidal
treatments as well as hand weeding significantly influenced

almost all yield components,
A, Panicle number,

The data presented in Table 9 show that all the
treatments had significant and favourable effect on panicle
number over weedy check. Highest number of panicle (407 per mg)
was produced in completely weed free plot, followed, by hand
weeding (379 per m2), Complete removal of weeds has created a
condition conducive for maximum tiller production and highest

nunmber of panicles per unit area,

The panicle number in nitrofen and thiobencarb treatments
were the highest among the herbicides tried and these two herbi-
cides were on par with hand weeding. This is in conformity
with the findings of Ravindran (1976) and Lakshmi (1983),



174

Percentage of productive tillers also show that weed free
plot had the highest (85.3 percent) followed by hand weeding,
{81.6 percent) nitrofen (81.2 percent) and thiobencarb

(80.7 percent).

Extreme weed compeiition in weedy check adversely
affected the tillering of rice plant and lowered the panicle
number to 278 per ma. Findings of Mohamed Ali and Sankaren
{(1975), Ghosriel (1981) and Patil et al (1986) highlights the

reduction in panicle mumber due to weed competition.

B, Length of panicle.

As in the case of panicle number, the length of panicle
was also significantly influenced by the various treatments
(Table 9). Weed free treatment produced the largest panicles
(22,10 ecm), followed by thiobencarb, nitrofen, pendimethalin
and hand weeding, All these three herbicides and hand weeding
were on par with respect to this character, May be due to
heavy competition for nutrients, space and sunlight, the
length of panicle recorded in weedy check was significantly
reduced (13.87 cm). Narayana Swamy (1976), Sukumari (1982)
and, De Datta and Hoque (1982) observed decrease in length of

panicle due to weed competition,
C. WVeight of pénicle and number of filled grains per panicle,

The greatest weight of panicle (2.01 g) and the largest



numbér of filled grains (59.20) were produced by the plants
in weed freeé plot, These characters Wereléisd on par with
that of nitrofen tréafﬁent, which revealed that rice -plant
in weed free plot and nitrofen treatment could enhance theip
photosynthetic activity and store more photosynthate in
their reproductive parts, . -

Out of the five herbicides tested, nitrofen, thiobencarb
and butachlor produced panicles with greater weight and they
were on par with hand weedinq while nitrofen was superior to
other herbicides dnd hand weeding with respect %o the total
number of filled grains. Weed competition in these plots
was effectively checked there by the crop was able to exXpress
its maximum poten 1al to produce these attributes,

Weedy check recorded the lightest panicle (1,35 g).
with;the,lowest number of filled grains.per panicle (26.64),
Sreedevi (1979) and John (1931) haveralso reported adverse
effect of weed growth on the panicle weight and nmumber of -
£illed grains per panicle.

D. Thousand grain weight.

1

None of the treatments could significantly intluence
the thousand grain weight. Grain weight being more or less
a genetic character, the presence or absence of weeds ﬁight

not have significantly influenced this character, Similar
observations were made carlier by Ravindran (1976) and

Sukumari (1282),
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A, Grain yield,

It is cleér from the Table 10 and Fig. 5 that the grain
yielﬁ was slgnificantly 1nf1uenced by various weed conitrol
.treatments. The highest grain yield was ohtained from the
plots free of weeds (67.54 percent increase over control)
and the lowest yield was from weedy check, Zero weed
competition enabled the rice crop in weed free plot to
exploit.thg riutrients, light and spaee for it normal grovwth
and development to the maximum extent, This high yleld of
395& kg per ha is the overall effect of the superior yield
attributes such as panicle number, ﬁaniéle length; panicle
weight and number of filled grains per panicle observed in
the weed free plot.

' Wéedy-eheck produced the lowest grain yield of 2360 kg
per ha due to severe weed competition as evidenced in Table
showing yield attribubing factors. ﬂltrofen recorded the
highest grain yield among the herbicides followed by thiobencard
and butachlor and they recorded an increase 1n yield to the tune
of 60,0 percent. 59,5 percent and 56 2 percent resPeotively, ,
over the weedy check., But,they were on par with hand weeding
which recorded .an yield of 3759 kg per ha and an increase of
593 percent over control treatment. Ravindran (1976) and

Lakshmi (1983) recorded identical yiéld with nitrofen 1.875 ke
a.i. per ha, Above yield of thiobencarb was supported by
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Shahi (1985) and, Singh and Singh (19854). Comparable yield
of butachlor was reported by Pareira and Ghosh (1980) and
Samar Singh et al (1936).

B. Straw yield.

A study of the data presented in Table 10 reveals that
straw yield was significantly influenced by the various
treatments. As in the case of grain yield, lowest straw
yield of 2576 kg per ha was recorded in the weedy check,
where the plant height end tiller production were lesser due
to severe weed competition., Weed free treatment produced
the highest straw yield of 4204 kg per ha which is contributed
by the high plant height, larger leaf area and more number
of tillers and higher absorption of nutrieﬁts by the crop.,

Among the herbicides, thiobencarb produced 55.2 percent
higher straw yield than weedy check followed by nitrofen
(54,8 percent higher) and butachlor (49.7 percent higher) and
they were equal to that of hand weediﬁg.

Second highest straw yield was obtained from hand weeded
treatment (4022 kg per ha), Hand weeding not only remove the
weaeds but also provides favourable soil conditions, Ravindran
(1976) Jomm (1981) and Lakshmi (1983) also got similar results.,
Patil et al (1986) reported that unchecked weed growth reduced

straw yield significantly,
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C. Crop dry matter production.

Study of the data presented in Table 10 revealed that
various treatments had significant effect on the total crop
dry matter production., Crop plant in the weed free plot was
in the most advantageous situation, vhere they could exploit
all the available nutrients and other inputs and produced
highest DM of 7563 kg per ha, On the contrary, unrestricted
weed growth, reduced the c¢rop DM in weedy eheck to 60 percent
of that of weed free plot. It may be noted that lowest
values of almost all growth characters and yield were
registered by the weedy check, This is in agreement with
the findings of Ravindran (1576) and, Ali and Sankaran (1984),

Next to weed free plot, hand weeded plot produced
higher crop dry matter which was statigtically equal to that
of nitrofen, thiobencarb and butachlor., These herbicides
showed the efficiency in countering the weed competition
equal to two hand weeding and created a congenial atmosphere
wvhere the crop could exhibit its noymal, growth and development,
Similer results were reported by Dubey and Rao (1985) and
Patil et al (1986),

D, tein content of grains,

Data presented in Table 10 show that there was no
significant difference among the protein percentage recorded
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by various treatments, Thus it is evidént that preéence or
absence of weeds could not influence the protein content of

grains,
&4, Weed Index.

The lowest weed index of 4.15 (Table 11) was worked
out for nitrofen closely followed by thiobencardb (4.81),
hand weeding (4.93) and butachlor (6.75). This shows that
nitrofen and thiobencarb were better than hand weeding,
Next in order having high efficlency were fluchloralin and

pendimethalin.

The control plot showed a very low efficiency compared
to the herbicides referred above and hand weeding. And it
recorded the highest value of weed index {40.31), Lowering
of weed index by proper control of weeds was reported by
Ravindran (1976), Sreedevi (1579) and John (4981) and the
present findings are in agreement with these earlier findings,

5+ Hutrient uptake by the crop,

Results of the study on the pattern of NFK uptake by
the erop (Table 12) revealed tﬁat, in all the treatment
plots N and K uptake was more than P through out the crop
period. Sukumari (1982) and Lakehmi (1983) reported similar
trend in nutrient absorption by the crop.
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The weedy check registered the lowest uptake of
nutrients at all stages of growth and it was 48.24 kg N,
18434 kg P and 32.52 kg K per ha at harvest. Compared to
the weed free treatment which recorded the highest nutrient
uptake the unchecked weed growth in the control plot reduced
the absorption of NPK by the crop to the tune of 52 percent,

54 percent. and 62 percent respectively.

Cn 20th DT, the NPK uptake in weed free plot was the
highest and 1t was on par with that of thiobencard and they
were closely follewed by butachlor and nitrofen,

Nutrient upteke on the 40th DT and at hervest also
was highest in weed free plot and was superior to the
herbicides tried and hand veesding. Thiobencerb, nitrofen,
butachlor and hand weeding'treatments showed next higher

uptake in general.

Taking the whole crop growth in to cansideration, it
may be noted that uptake of nutrients by the crop was more
where the weeds were comparatively less., Comparative study
of data in Table 5 and 10 revealed that wherever the dry
gatter production of weed was higher, the dry matter production
df crop was low.and vice versa. This was reflected in the
nutrient uptalte pabbern also. Figure &4 show that the total
upteke of nitrogen by the crop + weed in the weedy check was
less than that of craplalone in the weed free plot. This might
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be due to the ecrop weed antagonism, Same trend was noticed

in the uptake of phosphorus and potassium also.

Significant influence of herbicides and hand weeding
on nutrient upteke of rice has been reported by Shahi (1985)
and Singh and Singh (1985 b).

It can also be seen that upto the 20th DT, the crop
plant did not suffer significantly from the weed conpetition.
This is in agreement with the views expressed by Mocdy (1977)
and Sukumari (1982),

6, Economicz of weed management,

Application of thiobencarb resulted in the highest net
return of . 3074 per ha and was as good as butachlor and
nitrofen. Data presented in Table 10 and 13 show that on par
with farmers practice of hand weeding these herbicides produced
“an increased yield of 59 percent, 56 percent and 60 percent
respectively over weedy check where as tbe cost of manual
weeding in hand weeded plot was about 2.4, 3.2 and 9.5 times
greater than these herbicides,

Labour charge incured for maintaining the weed free
condition was about nine times more than that of thiobencardb
treatment and thus, eventhough it registered the highest grain

yield, weed free treatment was found to b2 a loss,
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Above discussion revealed that application of
thiobencarb or butachlor or nitrofen was the most profitable
vweed manegement technique for rice in first crop season,
Chang et al (1976), John (1981) and Lakshmi (1983) also
reported that herbicide treatment gave higher net profit
than hand weeding treatment. -
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SECOND CROP

Observation on Waads

1. Weed species.

Weed speciles collected and identified from +the
experimental plot during the second crop season were compared
with those present during the first CTrop sSeason. It was
found to be the same as that observed during the first crop
season (Table 3). It revealed that there was no shift in
weed species during the second crop season due to the
application of herbicides during the first Crop Season.

The low rate of the herbicides used in this study may be

the reason for the above observation,

2. Weed population,

r

The data presented in Table 14 and 15 revealed that
the number of monocot weeds was always higher than the dicot
weed populatlon throughout the crop growth pericd, The
incremental increase in weed population in general was more
in the early stage than in the latgr stages, This was the

trend cbserved during the first crop season also, *

A. Monocot weeds,

With respect to monocot weed population, the previous
Season's herbicide application had not influenced their
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number during the second crop season (Table 14). In the
early stages of crop growth during the second CI'op Season,
herbicide application suppressed tﬁe number of weeds and as
the growth continued, both herbicides and hand weeding
suppressed the population compared to the unweeded sub plot,
So it may be concluded that the monocot weed population could
not be controlled substantislly in the second crop season by

the application of herbicides in the fiprst Crop sSeason,

Comparing the monocot weed population of herbicide
treated sub plots with the plots hand weeded in both the
seasons, it was observed that in the early stages of crép
growth, all the hgrbiciées suppressed the weed population,
Nitrofen, thiobencarb and butachlor were superior to others

in all the stages of crop growth.

On 20th DT, fluchloralin-hand wveeding, thiobencarbe
hand weeding and butachlor-hand weeding were superior to hand
weeding-hand weeding., As the growth advanced, the herbicidese
hand weeding plots were on par and at harvest stage even
superlor over hand weeding-hand weeding. This indicates that
the residual effect of herbicide application was not effective

for suppressing monocots during the second crop,

With respect to herbicide residual study, ie: herbicide-
no weeding, results indicate that only on the 26th pT,
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thiobencarb-no weeding was superior to hand weeding-hand
weeding, while butachlor-no weeding and pen&imethalin-no ,
weeding were on par andrnitrofen~no weeding and fluchloraline
no weeding were inferior. This indicate that thiobencarbe-
no weeding showed a tendency of suppressing monocot weed

population in the second crop season.

Keeping the plots unweeded continuously during second
crop seasen substantially 1ncréased the hondcot weedlpépula-
tion compared to herbicide-no weeding plot. This is natural
because there was no hindrance either mechanical or chemical
in the establishment of this group of weeds in the weedy check,

In compa;ring the herbicide treated sub plots, it was
found that thiobencarb and nitrofen suppressed the monocots
throughout the crop period and at harvest all the treatments
vere on par. This show that repeated appl;gatiqn of thiobencarb

and nitrofen were superior than other herbicides.

Superior herbicidal effect of thiobencarb was also
reported by Dubey and Rao (1985) and Patil et al (1986).

Thiobencarb-hand weeding showed its superiority in
suppressing monocot weed population throughout the crop growth
period and ;t was qlosely followed by nitrofen-hand weeding,

. Among'the unweeded sub'plots, it was again'found that
thiobencarb-no weeding réigned supreme in the early stages of
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crop growth compared to the other unweeded sub plots,

COmparisoh bf all the sub plots of the second crop
season, it was found that thiobencarb-thiobencarb was
effective in the early stages followed by thiobencarb-hand
weeding.

It can be concluded that herbicide~herbicides was
better than herbicide-hand weeding or herbieide-no weeding
in the early stage of growth and in the reproductive phase
herbicides~hand weeding and herbicide-herbicide were superior.
Taking the monocot weed population 1% may be concluded that
repeated application of thiobencarb in both the seasons was

‘more eifective than other herbicides.

Effective control of monocot weeds by thiobencarb was
reported by Lakshmi (1983) and Patil et al (1986) and, that
of nitrofen by Lakehmi (1983). Dubey and Rao (1986) found
that equal weed conirol can be achieved by two hand weedings,

The present findings are in agreement with these results,

B, Dicot weeds,

At 21l stages of crop growth repeated application of
herbicides could reduce the dicot weed population better than
herbicide~hand weeding (Table 15). Application of herbicides

in the previous season did not reduce the number of dicots
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substantially during second crop season. On the 40th DT,
butachlor and flgthbralin. followed by same treatment or
hand weeding in the second crop had equal offect.

Compared to hand weeding=hand weeding, repeated
application of nitrofen, pendimethalin, fluchlbralin and
butachlor were superior at all stages of crop growth;
nifrofen—hand weeding, butachlor-hand weeding and thicbencarbe
hand weeding gave bettér performance than hend weeding=hand
weeding upto the 40th DI; but at Larvest, they were all equal,

Throughout the crbp period, dicot weed population was
more in unweeded sub plots then hand weeding~-hand weeding
which shows that herbicide application during the first crop
‘season did not reduce the weed population in the succeeding
season; but in the plots of thiobencarb-no weeding and nitrofen-
no weeding, dicot weedIPOpﬁlgtion vas less than weedy check,
The possible reduction in weed seed number in the soil by the
action of herbicides might have resulted in the. above réduction
of dicot weed popuiation. L ‘

Among the herbicide treated sub plots, nitrofen controlled
dicot weeds more efficiently upto the 40th DT followed by pendie
methalin and 'fluchloralin, while at harvest, the weed population
was levelled off,

Considering the dicot weed popuiation as a whole ,
fluchloralin, nitrofen and butachlor in the first CI'op season



'
[ o4

188

followed by hand weeding in the second crop season could

reduce dicot weed population at later stage of crop growth,

Summarizing the above discussion, it can be concluded
that hand weeding in the second crop preceded by nitrofen,
butachlor or thiobencarb or other herbicides in the first

crop were better than hand weeding-hand weeding,

Verma et al (1978), Singh et al (1979) and Lakshmi
(1983) observed that the dicot weed population can be
effectively controlled by herbicide treatment and or on par
with hand weeding,

. C. Total weeds.

Herbicides applied during the firgt crop season alone
have not influenced substantially the total weed pbpulation
during the second crop season. In an experiment with
butachlor, Ahmed and Zahidul Hoque (1981) found that this
herbicide had no residual effect on the weed growth of the
second crop. In the'early stage of crop growth, the herbicides
applied during the second crop season suppressed the number of
weeds and as the growth continued both herbiéides and hand
weeding suppressed the weed population compared to the

unweeded sub plots,

Comparison of the herbicide treated sub plots with the
hand weeding-hand weeding shows that on the 20th DT, all the
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herbicides suppressed the weed population; on the 40th D?,
thiobencarb, butachlor and nitrofen were superior and at

later stage, they wefe equal to han& w@e&ing-hand weeding,

Compared to hand.WEeding-hand weeding, thiobencarb-
hand weeding and fluchloralin-hand veeding were superior
land butachlor-hand weeding was equazl in the early stage of
crop growth and at harvest there was nO'difference between
‘herbicide-herbicide and hand weeding-hand wéeding,

Regarding the residual effect (ie. comparison of no
weeding sub,plots) thiobencarb-no weeding shows a substantial
reduction in total weed p0pu1ation.1n the early stage and as
the crbp growth advanced, none of the herbicide showed any
residual effect in reducing the total weed population in the

second crop season, '

.. In weedy check, the total number of weeds were very
high compared to herbicide-no weeding plots,

Among' the plots in which herbicides were applied in
both the seasons, thiobencarb and nitrofen effectively checked
the total weed population throughout the e¢rop period,

Throughout the crop periocd, thiobencarb-hand weeding
ranked first and on the 40th DT, it was.on par with nitrofen=-
hand weeding; This revealed that thiobencarb application in
the first crop season and hand weeding during second crep '
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Season was the best combination in the system approaéh.
This was again 1llustrated by the fact that among . the
unweeded- sub plots, lowest weed count was observed in

thlobencarb-no weeding treatment.

A comparison of all the sub plots during the second
crop season, it was fbund that epplication of thiobencarh °
and nitrofen in both the seasons were very effective in the
early stages of crop growth followed by thicbencarb-hand
weeding. Unchecked weed growth 1n two consecutive seasons
resulted in the production of highest total number of weeds
in weady check.

It can be concluded.in general that total weed popula=-
tion of second crop could not be reduced by ‘the residunl
effect of herbicides applied during the £irst crop season,
Among the herbicides, thiobencarb and nitrofen very
effectively-checked the‘weed growth dﬁrihg the eritical
stages of crop growth, followed by thiobencarb-hand weeding
and nitrofen=hand weeding. : L

" Singh et al (1979), and Mukhopadhyaya and Mondal (1981)
reported the superior herbicidal action of nitrofen, while
Dubey and Rao (1985) and Patil et al (1986) found better
weed control with thiobencarb (equal to hand weeding),

3. Dry matter production by Weeds,

Comparison of sub plots within each main plot revealed
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that dry matter producuion in herbicide treated sub plots
were the lowest and the application of herbicide during

the first crop season ‘had not significantly 1nf1uenced the '
DM of weeds during the second crop season (Table 17).
Similar observation was made by Ahmed and Zahidul Hoque
(1981) also., No difference was observed between hand weeded
and unweeded sub plots in the early stage as they were sub-
jected to same conditions upto the 20th DT, 'On the 40th DT
and'at harvest, DM was statistically equel in the respective
herbicides treated and hand weeded plots-and both produced
significantly less weed dry matter than unweeded sub plots,

Up to the 40th DT, dry matter production in all the-
herbicide~herbicide sub plots were less then hand weeded-hand
weeded plots, The herbicides not only reduced the germination
of wéeds, but &lso could'suppresé the further growth and
development of weedé glready germinated, compared to hand
pulling., At harvest stage, the effect of herbicides was not
significant,

Similarly upto’ the 40th DT, thiobencarb-hand weeding, '
butachlor-hand weeding and nitrofen-hand weeding were superior
in reducing the DM than the hand weeding-hand weeding,
Significant control of weed floralduring-the first crop
season by the ‘use of herbicides might have helped in the

reduction of weed population and DM during the second crop
seagson., In the case of hand weeding such control was not
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possible bocause of the human error. This might have
resulted in a higher number of weeds in the hand wecdede
hand weeded plots compared to herbicide treated plots,

Compared to hand weeding-hand weeding, wunweeded sub
piofs of second crop produced more weed dry matter- whereas
in comparison with weedy check, herbicide-no weeding recorded
less DM, This may be due to the possible reduction of the
weed flora during the first crop season in' the praviously
herbicide treated plots or due to the highest number of
weeds germinated, grown and multiplied in the weedy check,

Among the herbicides, highest DM by weeds was in
nitrofen treated sub plot followed by thiobencarb, which show
that they could reduce!the germination and establishment of
weeds better than other herbicides,

With respect to reduction inh dry matter production of
weeds in the hand weeded sub plets, though thiobencarb-hand
weeding was. superior in the early stage, there was no statie
sticai difference in the later stages,

Among all *he sub plots of second croplﬂeason, upto
the 40th DT, lowest weed IM was found in nitrofen-nitrofen
plot followed by thiobencarb-thiobencarb sub plat, At harvest
stage nitrofen~hand weeding, followed by thiobencafb-hand
weeding and nitrofen-nitrofen plots were better.
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In general weed DM in herbicide-no weeding sub plots
was less than that in weedy check. In the systen- approach
Jowest weed DM was notlced in nitrofen-nitrofen and thioben-
carb-thiobencarb plots followed by nitrofen-<hand weeding
and thiobencarb-hand weeding. It can therefor be inferred
that efficient weed control methods can supress weed

competition and reduce the weed dry matter accumulation,

Rac and Gupta (9984), and Lakshmi (1983) observed
reduction in weed DM by the application of nitrofen where as
Dubey and Rao (1985), and Shad (1986) recommended thiobencarb
for reducing the DM of weeds,

4, Weed Control Efficiency.

In general it was observed that Weed Control Efficiency
of all herbiclde treatments manifests its maximum effect in
the early stages ard that of hand weeded sub plots on the
40th DT (Table 18), It slovly decreased towards the harvest,

On 20th DT, all herbicide treated sub plots showed WCE
above 64 percent with a highest value of 79 secored by
thiobencarb-thiobencarb and nitrofen-nitrofen. All hand
weeded sﬁb plots as well as unweeded sub plots at this stage
regorded low values of WCE (less than 35 percent), It may be
noted that upto the 20th DT, no weed control operations were
attempted in these plots,
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On the 40th DT, highest WCE was observed in nitrofen-
nitrofen (71 percent) closely followed by thiobencarb=hand
weeding (70 percent) and nitrofen-hand wveeding (70 percent),
and thiobencarb-thiobencarb (69 percent). At this stage
lowest WCE was noticed in pendimethalineno weeding (7 per-
cent) and fluchloralin-no weeding (8 percent), The highest
number of total weeds found in these plots om the 40th DT

tself shows the low efficiency of these treatments,

At harvest, highest WCE was ghown by thiobencarb-
thiobencarb (68 percent) followed by thidbencarb-hand weeding
(66 percent), thiobencarbeno weeding (64 percent), butachlor-
hand weedy (63 percent),ﬁitro£9n—nitrofen (62 percent) and
“hand weeding-hand weeding (62 percent). Pendimethalin-no
weeding and fluchloralineno weeding recorded the lowest WCE

of 5 percent and 9 percent respectively,

Lakshmi (1983) and, Dubey and Rao (1985) reported high
WCE of thiobencarb and nitrofen.

5. Nutrient removal by weeds,

The data presented in Table 19 to 21 revealed that, the
nutrient removal by weeds varied with the type of nutrient
and stage of the crop, Different weed nanagement techniques

adopted also affected the nutrient absorption by weeds,
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While comparing the nutrient ramoval of sub plots
within each main plot, it was found that on the 20th DT,
‘weeds in all herbiéide treated sub plots removed significantly
less NPK than that removed from the rESpectiva hand weeded and
unweeded sub plots, But on the 40th DT, herbiclde treatment
‘and hand weeded treatments could equally reduce the nutrient
removal than the no-weed;ng treatment, This trend was noticed
at harvesting staée also with respect to P and K removal, where
as weeds in hand weeded plots removed only less nitrogen than
those in herbicide t;eated plots and nnﬁﬁeded blots.

Csmpéfed to hand veeding-hand weeding, weeds in all
herbicide treated sub plots, thiobencarb-hand weeding, nitrofen-
'hand weeding, butachlor-hand weeding, thilobencarb-no weeding
and nitrofep-no weeding sub plots cculd remove less NPK only
.on the 20th DT. This may be due to the reduced number of
weeds present and iow levels of weed dry matter'éccumulationl
observed in these plots. "On the 40th DT also, all hand weeded
sub) plots and thiobencarb-thicbencarb, nitrofen-nitrofen and
butachlor-butachlor could effectively reduce NPK removal than
nand weeding-hand weeding,” - b ‘

' Though nitrofen-nitrofen, thi&bencarb—ihiobencarb and
‘nitrofen-hand weeding maintained théif gupepiority in checking
the nutrdent removal by weeds, compared to hand weeding=hand
weeding, there was no significant difference in the nutrient
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removal of other herbicides and hand weeded sub plots,

The weed growth in all the unweeded sub plots in
general removed higher quantity of nitrogen (13.6 to 15.8 kg
per ha), phosphorus (4.7 to 5.4 kg per ha) and potassium
(3.1 to 3.6 kg per ha) than hand weeding-hand weeding (6.2,
2.2 and 1.5 kg NFK per ha respectively), but less then that
. of weedy check which registered a nutrient removal of 16,9 kg N,
6.0 kg P and 4.0 kg K per ha,

Among.the various herbicides used in the second crop,
there was no significant difference in NPK reﬁoval in any
of the stages except nitrofen-nitrofen and thiobencarb-thicbene
cardb which could reducq, NPK removal more effectively than
other herbicides in the early stages.,

Among the various hand weeded sub plots, there was no
significant difference except thiobencarb-hand weeding which
was superior in reducing P and K removal on the 20th DT and N
removel at harvest whereas nitrofen-hand weeding recorded less
NPK removal at later stages, '

Though thiobencarb=-no weeding recorded ccmparatively
low nutrient removal in most of the stages, thers was no

significance among the unweeded sub plot treatments,

Up to the 40th DT, thiobencarb-thiobencarb or nitrofen-
nitrofen significantly reduced NPK removal by weeds while
butachlor-butachlor could'suppress'NPK removal only in the
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early stage, which may be due to the suppressing effect on
weed growth by the former treatments for a longer period
than butachlor-butachlor.

At harvest repeated application of nitrofen or.
thiobenéarb or butachlor and or in combination with hand
weeding, and hand weeding-hand weeding could reduce NPX
removal of weeds with equal effect, except thiobencarb-hand

weeding which recorded significantly low nitrogen removal,

The NPK removal by weeds in the weedy check was
very high (16.9, 6.0, 4.0 kg per ha respectively) when
compared to all other treatments, This showed that a
larger quantity of aveilable nutrients in the soil have
been exploited by the uncontrolled weeds for their growth
and development which adversely affected the vield of the

Crop.

Experiments conducted by Ravindran t1976), Sreedevi
(1979) and John (1981) revealed that weeds in weedy check
absorbed higher quantity of NPK and that the nutrient
removal by weeds could be reduced by the application of
herbicides and hand weeding.
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Observation on Crop

1« Crop growth characters,

Study of the observations taken show that the treatments
have influenced a1l the crop growth characters (Table 22),

A. Height of plants,

Comparing the sub plots of edch main plot, it was Zound
that in general herbicides in the early stages and herbicides—
hand weeding in the later stagqp significantly influenced
plant height in relation to the unweeded sub plots of each
main plot,

Application of thiobencarb during the first and second
crop seasons significantly and favourably influenced plant
height throughout the growth period while nitrofen-nitrofen
and hgnd weeding=hand weeding showed its superior efficlency
from the 40th DT onwards. These herbicides were superior
than hand weeding=hand weeding.

Compared to hend weeding-hand weeding, thiobencarbe
band weeding, nitrofen-hand weeding and butachlor<hand weeding
significantly infiluenced the plant height in the later stages
of crop while, they were as good as hand weading-hand weeding

on the 20th DT except butachlor-hand weeding. Thiobencarb=hand
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weedling and nitrofen-hand weeding could control the w&ed
growth and could help the crop better thanm hand wesding-hand
weeding in increaﬁing the plant height whers as butachlore
hand weeding.could‘not help the crop plant upto this level
on 20th DI, '

Plent height was eignificantly reduced in the unweeded
sub plots compared to hand weeding~hand weeding and weod
free plot from 40th DY onwards, In the early stage, the
plant height was erratic. Upto the 20th DF, no hand weeding
was given to any of these plots and @o tho plant haight was
not influeﬁceﬂ at the time of ohservation, Hand weeding
given on the 20th DT had influenced the crop In increasing
the height by suppressing the weed competition and by
providing.mora seration conseguent to soil stirring, Crop
plants in hend weegded sub plots recaive&‘tha sxme benefits
on the 40th DT also, |

Comparing the unweeded sub plots with weedy check, it
was found that though the plent height was not influenced in
the eariy stage, it wax noted that at later stazes, the '
unwaeded sub plots shewéd a significant increase in plant
height. This may be due to the fact that, at the time of
lend preparation, comperatively large quantity of weed seeds
and vegetative parts of weed plants availeble in the weody

check were brought to surface and established quickly.
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Thus competition became severe in the weedy check compared
to other unweeded sub plots,

Continuous application of thiobencarb and butachlor .
significantly influenced the plant height throughout the
crop period, while influence of nitrofen was noted in the
later stages only,

In the comparison of the hand weeded sub plots, it
was found that thiobencarbdb~hand weeded sub plots significantly
increased plant height and was on par with butachlorehand
vweeding and nitrofen=hand weeding during the 20th DT and 40th
DT, while at harvest butachlop could not maintain 1ts parity
with thiobencarb and nitrofen.

In general, among the unweeded treatments, thiobencarb-
unweeded plot has significantly higher plant height compared
to all other unweeded sub plots through out the crop period,
thus indicating that thiobencarb not only suppresses weed
population arnd DX of weeds but also encourages the height
of the crop plant,

In comparing all the sub plots it was found that highesﬁ
plant height throughout the crop peried was recorded in complo=
- tely weed free situation (27.5 to 68.0 cm). This deplcts the
maximum utilization of nutrients, water, light and space,

Next best treatment in general was found to be nitrofen<hand
weeding (22.4 to 65,0 em).
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Taking all the situation in to consideration it may
be noted that thiobencarb, nitrofen and butachlor either
repeatedly applied in both the season or concerned horbicide
followed by hahd weeding, significantly helped in increasing
the plant height and they were nearly as g00d as completely
weed free situation. The influence may be the resuitant
effect in the reduction in weed competition either in the

previous season and or in the second crop season,

Mohamed Ali and Sankaran (1975) observed that unchecked
weed growth reduced the plant height, Singh et al (1979),
and Lakshmi (1983) reported that nitrofen could effectively
control weeds and increase plant height where as Dubey and
Reo (1985) and Patil et al (4986) found that thiobencarb
suppressed weed competition and increased plant heigﬁt.
Beneficial effect of butachlor was reported by Samar Singh et al
(1986) end Fatil et al (1986).

-

B. - Tiller number,

Thé'study on the production of tillers indicates that
both herbicides and hand weeding given to-the sub plots during
second crbp‘ﬁélped in increasing the tiller number and the
unweeded sub plots reduced the number. substantially. The weeds
cqmpéte with ¢rop plants for water, nutrients and light affec=
ting the photosynthetic activity of the crop and reflecting
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the same on the production of tiller number per unit area,

Continuous application of fluchloralin, nitrofen,
thiobencarb and butachlor produced the highest number of
tillers which were statistically equal to complete weed

free situation or hand weeding-hand weeding,

¥hile compairing all the sub plots, highest number
of tillers were recorded by the fluchloralin applled in
both the seasons, which was on par with nitrofen-nitrofen,
Qeed free situation,thiobencarb-thiobencarb and nitrofene
hand weeding, This increase in tiller number may be due
to the favourable envirommental condition obtained by the
crop for its establishment and unobstructed rhotosynthetic

activity.

Findings of Narayana Swemy (1976) and Shahi (1985)
revealed that tiller production can be enhanced by adopting
proper weed control measureé, while Samar Singh et al (1986)
reported thet fluchloralin increased the tiller number per

unit area.
C. Leaf Area Index.

A comparison of the sub plots of each main plot revealed
that the herbicide treated sub plots recorded significantly
higher LAI followed by hand weeded sub plots and both were
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sub plots regorded LAI higher than the weedy check, thg
above result show that, in general, the residual effect of
the herbicides applied during the previous seascn could not

influence the second crop to increase the LAI.

In comparison 'with hand weeding-hand weeding, the
LAT was in general higher in tho herbicide treated sub plots
and émong the herbicides, nitrofen~-nitrofen helped the crop
plant to proﬁuce significantly higher LAI followed by thichen-
carb-thlobencarb and butachlor-butachlor.

Reduction in weed number and gr&wth caused by these
herbicide treatments might have helped the crop plants to
exhibit their vegetative potenﬁial to a high degree and this
was reflected in the higher 1AI,

Enhanced IAT was recorded in trials conducted by
Yamogishi et al (1976) and Lakshmi (1983) by the application

of herbicides,.

All éhe hand weedéd sub plots recprded LAI as good as
hand weeding-hand weeding and among them thiobencarb-hand
weeding ranked {irst followed by butachlor~hand weeding and
nitrofen~hand weeding. 'Manual removal of weeds helped the
crop plant to have a normal growth and the remaining weeds

could not influence the crop 4o any appreclable extent.
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Leaf area index in all the unweeded sub plots were
less than thet of weed free situation and hand weeding=hand
weading, but higher than weedy check. Lowest LAI was recorded
in the weedy check. This low LAT observed in these unweeded
plots was due to the reduced. photosynthetic activity of the
rice plant under high weed competition. -

Yamogishi et al (1976) reported reduced LAI due to

sevar weed competition.

Comparing all the sub ploté, highest LAI was produced -
by completely weed free plot which is quite natural and this
was followed by nitrafennnitrofen{ Above discussion reveals
that in general thiobencarb and nitrofen either applied in
both the séasons or fqllowad'b& hand weeding in second erop
zeason significantly enhanced the LAI compared to other
treatments, This pronounces the superiority of these two
herbicides. ' '

2, Yielad comggnenﬁs.

Comparison of the data (Table 23) show that all the
_treatmenfs have signiffcantly influenced almost all yield
‘components viz. panicle number, length of panicle, weight of
' panicle, nunber of filled grains per panicle and thousand
graiﬁ weighk..

A+ Panicle mmber,
Both the treatments herbicidesaherbicideg and herbicides-
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hand weeding were found to have equal effect and produced
significantly higher number of panicles than the unweeded
sub plots. = These herbicides and hand weeded sub plots were
also found to be as' good .as bhand veeding-hand weeding, This
illustrate that the residual effect of herbicides applied
‘during the first croﬁ was not preéént in the second crop

to have a favourable effect in checking ‘the weed growth and

there by increase the number of productive tillers.

Repeated application of thiobeacarb or nitrofen in
both the seasons or these herbicides in the first crop
followed by hand weeding in the second croﬁ and or hand
weéding in both thé.seasons vere found to have equal effect
of weed free situation in the production of higher number of
penicles. This indicates that these treatments reduced weed
compeéitioﬁ and enabled the crop to make use of available
nutrients ef%ectively and converted most of the ﬁillers in

“to productive tillers,

Reduction in proéuctive tillers due to unchecked weed
grovth was reported by HOhamed AL and Sankaran (1975),
Ghosrial (1981) and Patil et al (1986) Lakshmi (1983)
observed that apnlication of thiobencarb and nitrofen enhanced
the panicle numher.

Be Length of panicle..
Hand weeded and herbicide treated sub élots during second
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erop season had equal effect in producing lengthy panicles,
As in the case of number of panicle, heavy competition of
weeds in the unveeded plots significantly reduced the
panicle length 35 percent less than the weed free plot,

But thiobencarb-no weeding and nitrofén-no weeding could
produce comparatively higher panicle length than weedy check,

Thiobencarb-hand weeding and nitrofen-hend weeding
produced even superior panicle length than hand weeding-hand
weeding, Among all the hand weeded and haerbicide treated
sub plots, greatest panicle length was measufed-in'thiobencarb-
thiobencard, nitrofen-hand weeded. thiobencarb—hand weeded and
- nitrofén-nitrofen plots and’ they were equal to that of conple=
tely weed free situation (20 cm). These treatments could
record hearly 50 percent increase in panicle length compared
to weedy cheek, '

' As in the case of panicle runber, repoated ‘application
of thiobencarb or nitrofen and or these herbicides in first
crop followed by hand weeding 1n second crop could produce
panicle length egqual to thnt of weed free condition, -

ﬂubey and Rao (1985) and Samar Singh et al (1986)
reported beneficial effect of herbicides in increasing the
'pgnicle length, '
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C. VWelght of panicle,

Repeated application of herbicides in both the seasons,
and herbicide in the first crop season followed by hand weeding
in the second crop season had egual effect on the welight of

panicle. They were also equal to hand weeding-hand weeding.

In general, in all the sub plots where weeds were .
allowed to grow freely during second crop season, panicle
weight Was significantﬂy lowered than other treatments.
Competition of weeds in these plots might not have allowed
the crop plant to absorb nutrients freely and produce more
photosynthates which was required for increasing the panicle
weight., In the weedy check, the weight of panicle wa§ reduced
by 35 percent compared to weed freevplot. Compared to weedy
check, nitrofen-no weeding, thiobencarb-no weeding and butachlor-
no wWeeding produced heavier panicles, Here the reductien in the
welght of panicle was 32 percent, | |

Among all the treatments, combinations of ﬁitrotén or
thiobencard and hand ﬁeeding produced ‘heaviest panicles equal
to weed free situation (1.66 £}« This reveals that for the
" se¢ond crop season, to get higher panicle weight, best treate
ments were repeated application of nitrofen or thiobencarb in
both the seasons and thiobencarb or nitrofen in the first crop
followed by hand weeding in the second crop season,



208

‘Sreedevi. (1979), John (1981) and, De Datta and Hoque
(4982) have reportedthe adverse effect of weed competition
on the panicle weight, '

ﬁ. jNUmber 6f £i1led .grains per panicle,

~ As in other yield parameters, number of filled grains .
in all the unweeded sub plots as well ag weedy check was less
”(28-31) compared to other treatments (ahove 41). - Heeds in
unweeded plots competed for nutrients and sunlight which
_directly affee*ed the photosynthetic activity of the plant
as well as oonversion of nhotosynthate in to grains. Repeated
application of herbicides in both the seasons and hErbicides-
hand weeding have almost equal effect.

Though complete weed free situation recorded highest
number of filled grains per panicle, equal result was produced
by nitpofenpnitrofen.apd thiobencarb-thiobencarb, Compared to
hand w?eding-pand weeding, nitroisn-niirofen, thiobencarbe
thiobencarb and thiobencarbehand weeding were superior,

(]

. It can therefore be concluded that unchecked weed growth
significantly reduced“the number of fiilled grains per panicle
and repeated application of nitrofen and thiobencarb in both

lthe Seasons were as good as completely weed free condition,

Ravindran (1976) ang Sulumari (1932) reported significant
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effect of weed growth on the number of f£illed grains per
panicle, Lakshmi (1983) recommended nitrofen and thiobencarb
-tbrlincreasing the numﬁer of filled érains per panicle,

E, :Thousand grain weight.

Except In the main plots of thiobencarb and nitrofen,
herbicide treatment and.hand weediﬁg during second crop
season showed equal effect and all of them were superior to
unweeded sub plots, whereas thiobencarb~thicbencarb and
nitrofen-nitrofen were fopnd to have' superior thousand grain
welght than;thiobencarbhhand weediné and nitrofen-hand weeding

regpectively, -

Anong all the tréatments, greatest tést weight was
observed 1nln1trofen-nitrofen,.followed by thiobencarb-
thiobencarb and butachlor~butachlor and all these treatments
wére'found &B'be-superior to completely weed free situation.

'Thié'reﬁealed that repeated application of nitrofen,
thiobencarb and butachlor in both the seasons gives -thousand
grain weight betterlthan,ﬂe?d froe treatment for reagdns
unknown, ' '

_ The inIErences arrived at in the 1ight of the above

discussion are,
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i, Weed free situation recorded highest values of panicle
'number, panicle weight, nunber of filled grains per
panicle and second lengthy panicle,

‘ii. Compared to'completely weed free condition, thiobencarbe
~hand weeding, nitrofen~hand weading, nitrofen-nitrofen
and thiobencarb-thiobencarb-recorded more or less equal
‘values with respect to number of panicle, length of
.. panicle and weight of panicle, thus showing the
efficiency of these freatments|1n reducing -weed growth,

113, Weedy check produced the shortest panicle, lightest
| panlicle and lowest number of filled grains per panicle,

i

oty

3., Yield.

The EGSulﬁs reveal that various treatments have
significantly influenced grain yield, straw yield and crOp
dry matter production (Table 24). ’

A. . Grain yield, -

Highest grain yield of 3034 kg per ha was produced by
completely weed free plot which was significantly superior
to other treatments, This superior yield was the sum effect
| of the enhanced number of panicles, highest panicle weight

and higher number of filled grains per panicle, obtained
under better conditions,



211

Lowest yield was obtained from the weedy check (nearly
67 percent of weed free plot) which alsc recorded the lowest
values of panicle length, panlcle weight and number of
f£illed grains per panicle., From these observations, it is
evident that the high weed population and high weed ary
matter accumulation as observed in the weedy check might
have lead to severs crop-weed competition and consequent

reduction in growth and yield attributes of rice.

Ali and Sankeran (1981) and Patil et al (1986) also

expressed similar viewvs,

In general, herbicides-hand weeding were found to be
better than herbicides~herbicides.

Compared to hand weedingehand weeding, thiobencarb
combinations and nitrofen combinations gave superlor yield
where as butachlor combinations produced equal effect, Among
the herbicide treated sub plots, thiobencarb significantly
out yielded all other herbicides, Similarly among the hand
weeded sub plots, nitrofen-hand weeding and thiobencarbehand
weeding registered higher grain yield., This show the comparaw
tive efficiency of these treatments in containing the weed

competition,

Though highest grain yield was obtained from the
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completely weed free situation, considering the cost of
production, it becomes most umeconomic and also Impracticable

under £leld conditions,

fmong all the weed management techniques tested for
The second crop, highest grain yield was produced by nitrofen-
hand éeeding, thiobencarb~hand weeding, thiobencarb-thiobene
cerb and nitrofen-nitrofen. It may be noted that these
treatments could produce yield attributes such as number of
panicle, length of panicle and weight of panicle almost equal

to that of weed free situation,

Summarizing the above, it can be concluded that, though
.weed free gondlition produced highest grain yield, nitrofen=-
+ hand weeding, thiobencarb-hand weeding, thiobendérb-thiobencarb
and nitrofen-nitrofen gave superior yield than hand weeding

repeated 1n both the seasons,

CGmparaﬁle increase in grain yileld over weedy check by
the'application of.thiohencarb was reported by Anon (1977),
Dubey and Rao (1985) and Fatil et al (1986) where as Kaushik
and Manl (1978) favoured hand weeding. Lakshmi {1983) also
observed that applicafion of nitrofen increased the grain yield,

B, Straw yield,

Comparing the sub plots of each main plot, it was found

that hand weeded sub plots produced significantly higher
quantity of straw than the respective herbicide treated plots:
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but unweeded plots were inferior 4o both the hand weeded
and herbicide treated plots, Aeration of the soil consequent
to so0il stirring could be the additional advantage of hand

weeding.

With all favourable conditions existed in the weed
free situation, rice plant could exhibit the vegetative
potgntial to the highest degree and thus could produce
highest straw yield,

Nitrofen, thiobencarb or butachlor followed by hand
weeding recorded higher straw yield than hand weeding=-hand
weeding and tﬁiobencarb—thiobencarb was found to have equal
effect, This could be attributed to the higher plant height,
large number of tillers and greater leaf area observed in

these plots under better weed management

Higher yield recorded by the unweaded sub plots in
comparison with weedy check could be due to the indirect
effect of reduced weed flora present in those rlots,.

Among the herbicide treated sub plots, thiobencarb was.
found superior and among the hand weeded sub plots nitrofen-
hend weeding and thiobencarbe~hand weeding recorded higher
yleld. This show the efficiency of these itreatments in
checking the weed compét;tion wvhich created a conducive
‘atmosphere for the growth of rice. Wh;le.evaluating the
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residual effect, none of the unweeded sub plots was found
significant; but among them, thiobencarbeno ﬁeediﬁg'ranked
Pirst, | | |

Among all the herbicide treated and hand weeded
treatments, higher straw yield was obtalned from the nitrofene
hand weeding, thiobencarb-hand weeding, butachlor-hand veeding
and thiobencarb-thiobencarb. This yleld was found to be
statiatically equal to the han& vweeding~hand weeding,

It can therefors be concluded that, as scen in the
grain yield, though complete weed free coﬁdition was most
ideal ' for growth and development of rice, 1t was uneconcmic
and impracticable, Treatments such as nitrofen<hand weeding, -
* thiobencarb~hand weéeding, butachlor-hand weeding-aﬁd'thisben-
carb=-thiobencarb were as good as hand weeding-hand waading,.

Shad (1986) recommended butachlor and thiobencarb for
better weed cqntrol end high straw yicld where as Lakghmi
(1933) advocates thiobencarb and nifrofen for geﬁt;ng,higher
straw yield, ' . R

C. Crop dry matter production,

.. Study of the sub plot treatments within each main plots
showed that pendimethalin-hand weeding and nitrofen-hand
weeding wore superior than'pendimetpalin-pendimethalin and
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nitrofen-nitrofen respectivelf (Table 24), Dry nmatter
preduction in other hand weeded sub plots were similer o
that of the raspective herbicide treated sub plots. Tt was
also found that all these. treatments, either hand weeded or
herbicide ﬁreateﬁ plots, produced significantly higher DM
than the respective. unweeded sub plots, At the same time,
treatments thicbencarb-no weeding, butachlor-no weeding and
nitrbi;.‘en-p,o veeding could produce higher crop DM compared

to weedy check, This revealed that though these herbicides
applied in the first 6rop has 1nf1uenced'thg total crop DM
of the second 'crop, it was not sufficient to keep the f£ield
unweeded during the second crop season and to get a proﬂitable
yvield, This revealed that the crop DM of sccond crop season
was not signiticantly 1nf1uenced by the residual effect of
the herbicides applied 1n the first crop.

As observed 1n the case of grain Yield and straw yield,
weed free condition enabled the crop plant to produce the
greatest DM of 6725 kg per ha, which is 46 percent more than
the: weedy check,

As the germination and gréwﬁh of“weeds was ﬁot restfigted,
in genoral, crop plants in all tha unweeded sub plots and
weedy chack produced significantly less dry ma*ter.
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Thiobeﬁcarb-hand weeding and nitrofén—hand weeding
produced higher DM then hand weedingw-hand weeding, This
proved thet these treatments were better than repeated
hand weeding in checking weed competition and there by
increasing the crap.dry'natter. Dry matter production of
pendimethalin-hand weeding, fluchloralin-hand weeding and
all herbicide treated sub plots eﬁcept pendimethalin-pendi=-
methalin were as good as hand weeding~hand weeding in
reducing the wéed competition and in increasing the crop DM,

From the above results it has been brought out that
thiobencarb-hand weeding and nitrofen=hand weeding were
better than hand weeding-hand weeding and in general other
hand weeded sub plots and herbicide treated sub plots were
as good as hand weeding-hand weeding in reducing the weed
DM and in increasing ¢rop DM,

Kaushik and Mani (1978) got high yield with hand
vweeding where as Dubey and Rao (1985) could increase total
yield by chemical weed control.

D. Protein content of grains,

There was no significant difference among the protein
percentage recorded by various treatments (Table 24),
Presence or absence of weeds could not influence the protein

content of grains,
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4, Weed Index,

Data presented in Table 25 show that thiobencarbe
thiobencarb recorded the lowest Weed Index value of 5,8
among the herbicide treated sub plots followed by nitrofen-
nitrofen (6.6) and butachlor~butachlor (8,7). Compared to
weedy check (32.7), these values works out to approximately
18 to 27 percent only,

Among the hand weeded sub plots, the lowest WI was
nofiqedlin nitrofen~hand weeding (4.6). Next best were
thiobencarb-hend weeding (5.1) and butachlor-hand woeding
(8.4). These values also works out to 14 to 26 percent of
weedy check. Hand weeding~hand weeding recorded a WI of
8.0 aﬁd all the unweeded sub plots recorded higher values
of weed indices. The low values of weed indices on these
treatments show the superior efficiency in containing the
weed competition and in increasing the crop yield,

Considering all the treatments, lowest value of WI
was noted against nitrofen=hand weeding' (4.6) followed by
thiobencarb~hand weeding, thiobencarb-thiobencarb, nitrofen-
nitrofen and hand weeding=-hand weeding. Weedy check recorded
the highest VI (32.7) fe: about 7 times than that of nitrofen—
hand weeding. .

Reduction in Weed Indices by proper weed control measures

were reported by Ravindran (1976), Sreedevi (1979) and
Lakshmi (1983).
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5. DRutrient uptake by the crop.

Study on the uptake pattern showed that the crop
absorbed nutrients through out the crop period and weeds
competed with crop plants at all stages (Table 26 to 28).
Data also revealed that various treatments have significantly
influenced the NPK upteke by the crop.

Completely weed free condition recorded highest NPK
uptake (88,27 Rg N, 31.70 Kg P and 55.42 Kg K per ha) and
plants in weedy check absorbed lowest quantity of NPK (57.77,
21.82 and.33.38 kg per ha respectively)., Unlike in the weed
free plot, unchecked weed growth competed with rice plant at
all stages of crop growth in the absorption of nutrients,
Similar observations were made by Ravindran (1976}, John
(1981) and Sukumeri (1982),

A comparative study of the total NPK uptake revealed
that, the combined absorption of WFK by weeds and Erop in
weedy check was (74.67, 27.81 and 37.34 kg per ha) less than
that of crop alone in the weed free plot (88.27, 31.70 and
33,42 kg per ha), This could be due to crop-weed antagonism.
This is in asgreement with the findings of Shetty and
G111 (1974).

Comparison of sub plots within each main plot revealed
that in the early stage, application of herbicides helped
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thé crop ﬁlant to absorb signifiéantly higher N than other
treatments; but P and K removel in the plots treated with
nitrofen and butachlor were almost equal to that of hand
woeding and no weeding treatments, ' On the 40th DT, butachlor
and fluchloralin maintained their superiority over hand weeded
and unweeded plots in the uptake of N and P where as in other
cases, there was no differenqe in nutrient uptake among
herbicide treatments and hand weeded sub plots. This may

be due to the hand ﬁeeding operation déne on the 20th DT and
. 1n'tﬁe treated plots the herbicidal effect of these chepicals
might have got reduced. At héryest, crops in hand weeded
plots cbuld record signiflcantly nigher P and K uptake than
other plots, U¥ith re8pect to N uptake, bntachlorwbutachlor
wag' found better, whereas nitrofen-nitrofen recorded high

3 removal. There was no difrerence botween other herbicide -
treated and hand weeded sub plots,

hmong £he various herbicide treated plots, there was
no-. significént.diffefenée 1ﬁ nutrient'ﬁptake in the early
stage~ but rice plant in 311 these herbicide treatments were
able to absorb more NPK than hand weeding-hand weeding,
On the 40th DT, highest uptake of nutrients by the crop was
in nitrofen treated plot anﬂ it was as good as thiobencarb,
butachlor and hand weeding-hand weedinggyhere as pendimethalin
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and fluchloralin could not check the weeds and increase NPK
upteke of crop., At later stages, thiobencarb treated plants
absorbed higher NPK and it was as good as nitrofen, but
superlor to other herbicides., - In comparison with hand
weeding-handweeding also, N and P uptake was superior in
#hiébencarb treated plots whers as N and K upteke was equal
in nitrofen and butachlor. This shows that these herbicldes
effectively suppfessed weed population fhroughout the crop
period and there by provided favourable atmosphere. for the
uptalte of .nutrients by the crop. '

Nitrogen,.phUSPhorusrand pofassium'uptake by the erop
ip all hend weeded plots were statistically same on the 20th
DI, but in comparison with hand weeding-hand weeding, thioben-
" carb-hand weeding and Butachlornhand weeding'piots-absorbed
equal quantity of NPK and other treatments were inferior.

As the crop growth advanced, fhiobencarbéhéndweeding and
nitrofen~hand weedihg increaséq the NPK uptake than other
‘hand weeding'treatmeﬁta-as well as haﬁdwaeding-handwbeding.
This trend was observed in total weed population also.

Since no weed control oﬁerations were attempted in the
unweeded sub plots and in hand weeded~handweeded plots upto
‘the 20th DT, there was not much variation in their NPK uptake.
Further, no residual effect of any of the. herbicides was seen
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at a level favourably affecting the nutrient uptake in the
second crops. In later stages, though thiobencarbeno weading
and nitrofen-no weeding recorded comparatively high NPK
uptake than weedy check, all unweeded treatments were
significantly inferior than continuous hand weeding,

| Conéidex@ng all‘the treatments and stages of crop
érowth, highest NPK uﬁtake next to weed free situation was
observed in treatments such as thiohencarb-thiobencarb,‘
" nitrofen-nitrofen or butachlor-butachlor or these herbicides
in the first crop fol}owed by hand weeding in the second o

crop treatments and hand weeding-hand weeding.,

The results q1s§ussed revealed that treatments such
as repeated application of thiobencarb or nitrofen or butachlor
in both the seasons or these herbicides applied in the first
crop followed by hend weeding in: the second crop could reduce
weed population and weed dry matter accunulation and thus
help the crop plants to ebsorb maximum quantity of nutrients
and there by increase the yield,

Significant influence of herbicides and hand weéding
on nutrient uptake of rice bas been reported by Shahi (1985)
and, Singh and Singh (1985 b).



6. Egonomics of weed management,

The data presented in Table 29 and Fig 5 show that
in general chemical weed management vas more economical
than local practice of hand weeding twice, Yeed management
either by chemical or by manual weeding has given high
monetary returns than keeping the field unweeded in the

second crop.

Eventhoughlweed free condition preduced higher yvielq,
the increased income was not reflected in net profit due to
the high labour charge involvad_and it recorded a loss of
5. 1767 per hectare, Hand weeding repeated in both the
Seasons which is the local farmers practice scored a net

profit of 5,957 per ha only.

Among the various techniques tried, highest net
monetary return was given by the application of thiobencarb-
thiobencarb (%.1692 per ha) which is about 77 percent more
than the treatment hand wee&inguhand weeding. This might
be due to the high yield and thus high income obtained

against a comparatively low weed management cost,

Next best treatments in terms of nect profit were
butachlor-butachlor, fluchloralin«-fluchloralin, nitrofen«
nitrofen, nitrofen-hand weeding and thiobencarb=hand weeding
which gave a net return of K.1%12, 1380, 1294, 1262, 1220
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per ha respectlively., From the table it can also be found
that weed,f;ee condit;on is not only impracticable but also
uneconomical, Chang et al (1976), John (1981) and Lekshmi
(1983) also reported that herbiclde treatment gave higher
net profit than hand weeding treatment,

Considering the total economics of weed management
in first and second crop seasons (Table 12 and 27, and Fig 5)
it may be noted that, treatment combinations thiobencarb-
. thiobencarb, butachlor-butachlor and thiobencarb-hand weeding
are the ranked weed management techniques in the systenm
approach. They gave a net profit of &, 4932, 4613 and 4460
" per ha respectively. These treatments have also registered
an increased yield of 50 percent, 47 ﬁercent and 51 percent
réspectively over weedy check (Table 30).

7. ITotal grain yvield of .first and second ¢rops.

Analysis of the total grain yield obtained from the
first and second crﬁp‘éeasons (Taﬁlé 30 and Fig 5)'shows
that, rice plent in weed free condition could utilize all
the inputs required for crop production to the maximum extent
and could produce 1594 kg and 992 kg additional yield over
weady check during the firatland second crop seasons respecti-

vely. It may also be noted that almost all yicld attributing
factors were superlor in the weed frese plot (Table 9 and 23),
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Application of thichencarb and nitrofen in both the
Seasons or application of these herbicides in the first
crop followed by hand weeding in the second crop signifi-
cantly influenced the grain yield than hand weeding-hand
weeding. They recorded an increased yield of 72, Th, 95
and 136 kg vespectively over hand weeding-hand weeding,
This may be due to the better management of weeds attained
by these treatments which in turn helped the crop plants
to absorb more nutrients and produce more photosynthate,
which ultimately yielded mors grains.

Though fhe residual effect of herbicides applied;in
the first crop was not adequate enough to reduce the weed
competition significantly in the second crop, these unweeded
sub plots recorded higher grain yield than the weedy check, .
This may be dﬁe to the higher grain yield produced by these
plots In the first crop season with the application of
herbicides,

Though highest grain yield was obtained under weed
free situation, it may not be economical and practical,
Compared to nitrofen-hand weeding plot, this treatment could
glve only an additional quantity of 304 kg in both the seasons
together,

Taking all the treatments of both the seasons in to
consideration, highest grain yield was produced by nitrofen-
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hand weeding, thiobencarb-hand weeding and butachlor-hand
weeding. This revealed that, in the system approach,

for getting higher grain yield, application of herbicides
such as nitrofen, thiobencarb and butachlor in the first
¢rop followed by hand weeding in the second crop is the

. best weed managament technique for rice~rice-cropping pattern.

Preliminary results of the cropping 8§stem trials
conducted at the International Rice Research Institute shows
that rice grains were hicher with hand weeding treatment
followed by chemical weeding (Anon, 1578).

8. Residual toxicity of herbicides.

The result clearly shows that the various herbicides
used in this experiment did not affect the germination of
cowpea seeds sown in the experimental area immediately after
the harvest of the second crop. No significant difference
in the germination percentage was observed among the different
weed management techniques tried, This revealed that though
herbicides were repeatedly applied in both the seasons,
residues of any'of these herbicides was not present in the

soil in amounts toxic to the succeeding cowpea crop.

Absence of residual toxicity of herbicides applied

in a single season was reported by Ravindran (1974), John (1981),
Mohamed Ali and Sankaran (1979 and 1981) and Anon (1984),
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SUMMARY

A field experiment was underteken te find out a
suitable weed management technique for rice based cropping
system at the College of Agriculture, Vellayani during the
Virippu - Mundakan seasons of 1983-84 using the rice

variety Triveni.

In the first crop season, five herbicides viz,
thiobencarb 1.5 kg a,i. per ha, butachlor 1.0 kg a.i. per ha,
pendimethalin 1.0 kg a.i. per ha, nitrofen 1.875 kg a.i.
per ha and fluchloralin 1,0 kg a.i. per ha were compared
with three control treatments - hand weeding twice, weed

free condition and weedy.check.

In order to find oul a suitable combination of
managenent techniques for the Rice-Rice cropping pattern,
during the second crop seasons, each herbicide treated
plots of first crop season was divided inCto three and
subjected to three treatments - one unweeded, one hand
weeded and in the thirq repeated the same herbicide at the
same rate, The three control treatments of first crop

season were also repeated in the second erop.

To £ind out thé residual toxicity of the herbicide
applied in the two seasons on the succeeding crop, cowpea
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seeds were sown in each of the treatment plots in the

third crop season and assessed the germination percentage,

Biometric characters on weeds such as weed species,
weed population, dry matter accumulation by weeds, Weed
Control Efficiency and on crops such as plant height,
tiller number, Leaf Area Index, panicle characters, grain
and straw yleld, crop dry matter production, Weed Index
and quality of rice (protein content) were studied.
Nutrient uptake by the crop as well as weed and economics
~of weed management were also computed. Sallent findings

of the experiment are summarized as follows.

First crop

1. lMost important grass weeds identified were

Brachiaria ramosa, Echinochloa colong' and E. crus-galii,

Cyperus iria and FimBristzlis niliaceae were the predominant
sedges and, Ludwigia parvifiora, Marsilia guadrifoliata and
Monochoria veginalis were dominant amons the broad leaved

weeds,

‘ 2, The monocot weeds out numbered the dicot wecds
through out the crop periocd and the monocot weed population
constituted 85-93 percent of the total weed population.

/
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3« The competition was severe from the 20th to
40th day of transplanting,

4, Monocot weed population was signiflcantly
reduced by the nitrofen and thiobencarb treatments. In
- the early stages they were superior thaﬁ other treatments
thle at later sfage, they were as good as other herbicides
and hand weeding.

5. Nitrofen and pendimethalin were most effective
in reducing the dicot weed population during the critical
pericds of crop growth,

b 6. In suppressing the total weed flora, nitrofen
,and-thiohencarb.were found to.bejsuperior to other treatments
on the 20th DT and there afterlall chemicals and hand weeding
wére equal.

7. Among the herbicides, nitrofen, thiobencarb and
butachlor significantly decreased the %otal weed dry matter
at all stages of crop growth. On the 40th DT amd at harvest,
‘hand weeding was equal to these herbicides, Up to the 40th
DT, the inorease in weed dry matter was more due to the
weed population where as after the 40th T, 1t was due o
' the individual contribution.

‘8. Nitrofen and thiobencarb had the highest
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Weed Control Efficiency of 76-87 percent and 63~81 percent
respectively where as hand weeding recorded a Weed Control
Efficliency of 56 percent only,

9. The nutrient removal was more 1n the case of

nitrogan, followed by potassium and phosphorus.

10. Weeds in the weedy check removed NPK at the rate
of 6,89, 2,41 and 5,23 kg per ha on the 20th DT} 19,20,
4.73 end 9.34 kg per ha on the 40th DT; and 19.98, 7.86
and 13,46 kg per ha at harvest regpectively. Nitrofen,
thiobencarb, hand weeding and'ﬁutachlor'significantly
reduced the NPK removal by weeds compared to other treatments
at all stages of growth,

11, In the early stage, tﬁe plant héiéht was not much
affected by the weed competition. In later stages,
tﬁiobenéarh; nitrofen and butachlor helped the crop plant
in increasing the plant height equal to that of hand weeding.

12, Nitrofen, thiobencarb, hand weeding and butachlor
produced tiller number on par with weed free condition and
the Leaf Area Index recorded by the formér three treatments

was as good as that of weed fres plot.

153+ In general, weed free'plot recorded the highest
values of all yield components and yield while weedy check
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was significantly inferior to all other treatments with
respect to yleld components and yield,

1%, The panicle number in nitrofen and thiobencarb
treatments was the highest among the herbicides tried

and these two herbicides were on par with hand weeding.

15. Thiobencarb, nitrofen and pendimethalin produced
the longest panicles among herbicides and they were on par
with hand weeding.

16. Nitrofen enhanced the weight of panicle and the
number of filled grains per panicle and were on par with
weed free treatwent. Out of the five herbicides, nitrofen,
thiobencarb and bubachlor produced panicles with greater
weight equal to that of hand weeding. ‘

17. -Thousand grain weight was not significantly

influenced by the various treatments.

_ 18. Weed free treatment produced the highest grain
aqd qtrqw yield, Nitrofen recorded the hishest grain yield
among the hgrbicides, followed by thiobencarb and butachlor
and they recorded an increase in yield to the tune of 60.0
‘pe?cent, 59.5 percent and 56.2'percent respectively over

weedy 6heck. These herbicides were on par with hand weeding,
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19, On par with hand weeding, thiobencarb, nitrofen
and'butachlor produced 55.2 percent, 54.8 percent and

49.7 percent increased straw yield over weedy check.

20, Various treatments had significant effect on the
érap dry matter production., It was highest in weed free
plot and lowest in weedy check, Dry matter produced by
the hand weeded plot‘was statistically equal to that of
nitrofen, thiobencarb and butachlor.

21. Protein content of grains was not significantly

influenced by the weed competition.

22, Yeed Index was the lowest in nitrofen treatment
(4.15) closely followed by thiobencarb (4.81), hand weeding
(4.93) and butachlor (6.75).

23. Nitrogen and potassium uptake were more than
phosphorus uptake through out the crop period, Crop plant
in weed free condition could absorb slgnificantly higher
quantity of NPK at all stages of growth (92,80, 34.16 and
52.59 kg per ha respectively at harvest) where as weedy
check reduced NPK uptake by 52, 54 and 62 percent respectively,
In general, thiobencarb, nitrofen and butachlor helped the
crop plant to absorb more NPK, equal to or more than that
of hand weeding twice.
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24..Application of thiobencarb or butachlor or
nitrofen was the most profitable weed management technique
for rice in the first crop season. They gave a net profit
of Rs.3074, 15.2910, B.2770 per hectare respectively, Cost

of manual weeding Iin hand weeded plot was about 2,4, 3.2

and 1.5 times greater than these herbicides.
Second c¢rop

25, ¥Weed species observed in the second crop sSeason
wore same as that observed during the first crop season
and there was no shift in weed species due to the application

of herbicides in the first CIops

i

26, Number,of mnnocot weeds was higher than the dicot
weeds through out the. crop growth pefiod. The incremental
increase in weed population was more upto the 40th day of
transplanting than in the later period. There was a general
reductiop in the weed population in all the plots previously
treated with herbicides, but 4t (the residual effect of

herbicides applied in the first erop) was not sufficient.

to keep the field unweeded during the second crop season,

27. Repeated application of herbicides was better than
herbicide~hand weeding or herbicide-no weeding in the early
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stage of growth and in the reproductive phase both
herbicide~hand weeding and herbicide~herbicide were
superior in reducing the number of monocot weeds. Among
the treatments; thlobencarb-thiobencarb was most effective
during the critical periods, followed by thiobencarb-hand
weeding, nitrofen-nitrofen and nitrofen=-hand weeding.,

28. At all stages of crop growth repeated application

" of herbicides could reduce the dicot weed: population than

herbicide~hand weeding. Application of herbicides in the
' previpus season alone did not reduce the number Sf dicots
‘ substantially during the second crop season. Repeated
application of nitrofen, pendimethalin and thiobencard
effectively controlled dicot weeds than othgr treatments,

29. Total weed population of second crOp was
signixicantly reduced by repeated applicauion of thiobencarb
- or nitrofen followed by-thiobencarb-hand weeding .and
nitrofen-no weeding., .- o . :

. 30. Up to the 40th DT, lowest weed dry matter
production was found in nitrofensnitrofen treatment
followed by thipbencarb—thiobencarb. At harvest stage
nitrofen-hand weeding followed by thiohencérb—hand-weeding

and nitrofen-nitrofen were better. In general weed
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dry matter in herbicide-no weeding sub plots was less
than thet in weedy check. | L

" 31, Up t0 the 4Oth DI, repeated application. of
‘thiobencarb: or nitrofen recorded a Weed Control EFficiency
‘of more than' 68 percent while' from the 40th DT to' harvest,
thiobencarb-hand weeding, thiobencarb-thiobencafb butachlor-
hand weeding,’ nitrofen-hand weeding and hand weeding-hand
‘Weeding resulted in a Veed Control Efficiency of more than
’62 percent.

!

.32, The nutrient removal by weeds varied with the
type of mutrient end stage of the croﬁ. Tfeéfménﬁs such
as thiobencarb-thiobencarb, nitrofen-nitrofen, thiobencarb-
hand’ weeding, nitrofen~hand weeding and butachlor-hand
weeding effectively suppressed the nutr}ené removal by
@eeds through out the crop period. Highest nutrient
removal vias from the weedy check at all stages of crop

growtho'

- 33+ Thiobencarby nitrofen and butachlor either
repeatedly applied in both the seasons or these herbicides
in the.first crop followed by hand’ weeding in the second
¢rop significantly increased the height of brop plants

and they were nearly as good as weed free situation,
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34. Tiller number produced in fluchloralin, nitrofen
and thicbencarb treated plots and in nitrofen-hand weeding
was statistically equal to that of weed free situation.

35. Highest Leaf Area Index was recorded by completely
weed free treatment. Thiobencarb and nitrofen either applied
in both the seasons or these herbicides applied in the first
¢rop followed by hend weeding in the second crop season
significantly enhanced Leaf Area Index compared to other

treatments,

36. Thiobencarb-hand weeding, nitrofen;hand veeding,
nitrofen-nitrofen and thiobencarb~thiobencarb produced number
of panicles, panicle length and panicle weight more or less
equal to that of weed free situation. Weedy check recorded
shortest panicle, lightest panicle and less number of

filled grains per panicle,

37. Weed free condition recorded the highest grain
yield, straw yleld and total crop.dry métter production,

38. Among all the weed managément techniques tested
for the second crop, highest grain yleld was produced by
nitrofen-hand weeding (2895 kg per ha), followed by-
thicbencarb-hand weeding (2880 kz per ha), thiobencarb=-
thiobencarb and nitrofen-nitrofen. |

Hi
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39. Highest straw yield next to weed free condition
was obtained from the nitrofen-hand weeding (4064 kg per ha)
and thilobencarb-hand weeding (4043 kg per ha) followed by
butachlor-hand weeding and thiobencarb-thigbencarb, This
Vield was statistically equal to the hand weeding repeated

in both the seasons.

40, Crop dry matter of second crop was not significantly
influenced by the residual effect of herbicides applied in
the first crop. Thiobencarb-hand weeding and nitrofen-
hand weeding were better than hand weeding-hand weeding
in producing higher dry matter. In general, other hand
weeded sub plots and herbicide treated sub plots were as
good as hand weeding-hand weeding in reducing weed dry

matter and in increasing crop dry matter,

44, Protein content of grains was not significantly
influenced by the treatments,

42, Nitrofen and thiobencarb either applied in both
the seasons or these herbicide applied in the first crop
followed by hand weeding in the second crop recorded weed
indices less than 6,65 where as all the unweeded plots
recorded values of Weed Index above 27.80.

43, Due to crop-weed antagonism, the total NPK uptake
by the crop + weed in weedy check was less than that of croy
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alone in weed free plot, Highest WPK uptake qext to weed
free situation was cbserved in treatments such as repeated
applications of thiobencarb, nitrofen and butachlor in
both the seasons or these herbicides applied in the rifst
crop followed by hand weeding in the second crop.

44, In general, chemical weed management was more
econcmical than local farmers practice of hand weeding
twice, Weed management either by chemical or by manual
weeding have given highemonetary returns than keeping the
field unveeded in the second crop. Eventhough weed free
condition produced higher yield, the increased income was
offsetted by the high 1§bour charge incured? Thus it was

found to be un~economiceal,

45, Highesf moretary return was given by the application
of thiobencarb-thiobencarb which was about 77 percent more
‘than the loecal practice of hand'weeding twice., Next best
treatment was butachlor-butachlor followed by fluchloralin

and nitrofen treatments,

46, In the system approach, considering the economics
of both the seasons together, thicbencarbe-thiobencarb was
the best veed management techmique for the riceerice

cropping pattern followed by butachlorﬁbutachlor and
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thiobencarb-hand weeding, They gave a net profit of
B 4766, B,4422,and B.4204 per hectare respectively.

47. Taking all the treatments of both the seasons
in to consideration? highest grain yield was produced
by nitrofen-hand weeding, thiobencarb-hand weeding and
butachlor-band weeding. So in the system approach, for
getting ﬁigher grain yield, application of herbicides
such as nitrofen, thiobencarb and butachlor in the first
crop _ énd“ _ hand weeding in the second crop is the
best weed management technique for rice-rice cropping

pattern.,

48, Study on the residual toxilcity of herbicides
repeatedly applied in both the seasons shows that,
residues of any of the herbicides was not present in the
Soil in amounts toxic to the succeeding cowpea Crop.
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APPENDIX = T
Weather data during the crop peried (21-5-84 to 23=12-84)

and its variation from the past 10 years méan

Temperature {°C) . .Average Humidity Total Rainfall (mm)

S1. No. ﬁzgﬁdard. : Period Mazcimum Minimum {percentage)
No. From To —

. cp v cP ' cp v cp v
1 21 21-5-1984 27-5-1984 32,07 +0.60 23,271 +0.14 75.14  +4.75 02.0 -16.8
2 22 28-5-84 . 3-6~84 30.81 +1.12 25.11 40.22 74,11  +2.43 107.2 +80.1
3 23 L-6-84 10-6-84 30.64 -0.78 24,17 ~0.30 75.14 +2.82 54.8 +20.5
4 24 11-6-84 17-6-84 29.79 +1.42 23.93 -0,18 75.86 -8.71 57.0 +18.4
5 25 18-6-84 24-6-84 30.18 +0,58 22.39 -0.64 71,00 -12.14 17.2 «30.6
6 26 25-6-84  1-7-84 30.43 -0.76 20,14 -2.90 69.21 -8.46 04.5 ~28.8
7 27 2-7-84 8-7-84 28,71 -0.22 24.07 +0.72 86.57 +B.97 44,0 +12.3
8 28 9-7-84 15-7~84 29,29 40.36 23.36 40,27 B5.79 +7.32 63.6 +31.7
9 29  16-7-84  22-7-84 28,62 +0.34 23.54 -0.25 8B.79 +7.54 17.6 ~07.5
10 30 23-7-84 29-7-84 28.86 -0.38 23.61 -0.39 78.57° -~1.38 00.0 -23.9
11 4 30-7-84 5-8-84 29.75 -0.22 23,55 +1.12 Th.14 -=3.62 08.8 -12.8
12 32 6-8-84 12-8-84 29,39 +0.38 23.11 -0.95 66.71 -8.11 12.0 -13.4
13 33., 13-8-84 19-8-84 30.11 -1.40 23.18 -0.22 68,57 -6.30 03.0 -20.7
14 34 20-8-84 26-8-84 30.18 +0.18 24.39 40,05 68,00 <=3.22 00.0 -18.4
15 35 27-8-84 2-9-84 - 29.43 -0.64 23,95 4+0.15 72.21 #1.46 05.0 -0bk.4
16 36 5-9-84 9~9-84 30.21 -0.30 24.39 +1.03 Th.14 +1.22  00.0 ~05,6
17 37 10-9-84 16-9-84 30.14 +0.72 23.86 +0.69 79,79 +8.13 00,0 -09.7
18 38 17-9-84 23-9-84 31,18 +0.44 23.82 -0.31 69.64 =3.31 03.0 -12,6
19 39 24-9-84 30-9-84 30.04 +0.22 23,11 =0.73 79.29 44,30 75.0 +55.7
20 40 1-10-84 _ 7-10-84 28.46 ~0.86 22.04 -1.,45 87.64 48,24 172,3 +#151.3
21 41 8-10-84 14-10-84  29.25 +0.44 23,11 4+0.76 78.93 -2.66 09.6 ~12.8
22 42 15-10-84  21-10-84  30.11 +0.90 21.71 +0.55 69.36 =9,12 00.0 «25,1
23 43 22-10-84  28-10-84 30,25 -0.74 22,46 -0.14 76.57 -3.22 19,9 -13.1
24 4y 29-10-84  4-11-84 30,32 0,22 23.71 40.38 74.21 -10,43  00.0 46,0
25 45 5-11-84 11-11-84  30.75 +0.45 23.93 -0.85 75.93 -12.51 42.5 =-09.5
26 46 12-11~84  18-11-84 30.64 -0.36 24,04 -0.14 79.79 -4.60 25.2 -t4.9
27 47 19-11-84  25-11-84 30.21 -0.48 23.50 -0.71 B81.71 +3.14. 58.3 +33,5
28 48 26-11-84  2-12-84 30.36 ~0,20 23.86 +0.26 85.00 +5.63 O4.6 -13.9
29 49 3-12-84 91284 30.54 40,10 23.50 +0.12 B85.07 +6.21 05.4 -09.6
30 50 10-12-84  16-12-84  30.78 +1.23 21.57 +0.26 80.14 42,82 00.0 “14.,5
31 51 17-12-84  23-12-84  30.67 +0.81 22,30 +0.13 82.30 4+3.20 02.0 =7.5

CP = during the c¢rop peried,
V = variation from the past 10 years mean.
+ = more than 10 years mean.
less than 10 years mean, -
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Abstract of ANWOVA of Weed population — Second crop

MS .
Source ag Yionocot weeds Dicot weeds Total weeds ]
20th DT 40th DT At harvest 20th DT 40th DT At harvest 20th DT 40th DT At harvest
Total 71

Replication 2

Main plot 7
Error (1) 14
Between treat-
ments within
main plot=-1 2
s (0 2 2
Q- 3 2
-do- 4 2
-d0= 5 2
Others 6
Error (2) 32

317

79.09%%
0.08

17 27 %2
12.50%+
10,24 %=
24 ,08#¥%
Ba23%#
0.85

0.06

247 ,20%%

0,13

bl 78%+
42,20%%
46.80%
50,29%%
43,727
0.03
0.05,

2.70

282.56¥*

0.76

49 3%

36 .37 0¥
35.98%2
41 39
31 L2un
0.24
1.04

3.4
6.60%»

0.20

0.67%%
0.96%%
T E0%%
1,928

1,720

0.03
.12

0.79
38,465

17 . Thsx
26 . Lhywn
23,328
2, 38w+
28, 77%*
0.01
0.07

0.53
25,902«
0.08

11.99%x
19,97 %%
18.12%%
15 . 31%%
19.02%%

0.02
0.03

5.2
£9,33%*
0,13

17.87#%

13.48%
11.95%%

2750+

12.27%%
0.02

. 0.95

2.28

289,67%#

0.10

57.65%«
61 .69%#
64 ,04%%
69,50
64 ,05%#
0.01
0.03

1.30

22 .87%®

0.55

51.78%%
57 .16%#
50,55%%
59.96*#
33.51%%

0.27
0.81

#*Significant at 0.01 level.

i
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Abstract of ANOVA of drv matter production qf waeds -~ second crop

Source df ? Mg

20th DT L40th DT At harvest
Total 71
Replication 2 10.454 50.800 39.087
Main plot 7 86,710%% 1531.557 %% STL7 «315%%
Error {1) 14 0.563 1.791 28.460
Betwaen treatments
within mein
plot-1 2 13.512%% 718,9528% 2077 224 %%
=G0« 2 2 20.875%« 780,516%% 2251 JS45%%
-do- 3 2 25.482#% 817.681#% 2045 ,259%x
~d0= 4 2 271, 2728% 8240 .07 %% 2262,151 %%
~do- 5 2 17 .889%% 814.997%* 1351 462 #x=
Others G 0.712» 0.165 5.575
Error (2) 32 0.223 0,960 35.286

#3ignificant at 0.05 level,
*#Significant at 0,01 level.



APPENDIX « IV

Abstract ¢of ANOVA of Mutrient removal by weeds -~ second crop

MS
Source af Nitrogzen Phosphorus Potassium
20th DI A4O0th DT AL harvest 20th DT 40th DT At harvest 20th DT 40th DT Ab harvest
Total 71 | .
Replication 2 0.430 0.927 ©  4.07%  0.056 0.266  0.165  0.100 0.244  0.072.
Main plot 7 3.971%% 50.gh2wk 194,031%%  0,hG2%k  7.038wc Ok .2Rhuw 0 043%%  7,080%% 10,627%% .
Error (1) 14 0.026  0.130 0.732 0.003 0.009  0.120  0.006 0.008  0.053
Between treat-
ments within _ .
main plot-1 2 O,641%% 25.,503%* 65,156%* 0,072%% 3,729%% g, 777Ew 0.154##  3,323%% 3 .843x%
~do= 2 2 0.988%% 32,639%F 75,600%* 0,912%  3.995%% 9,571 0.238%%  3.650%* 4,162%%
~do= 3 2 1.201%% 31.084%t 65,086%% 0,436%%  4.238%¢  g@,63Fex 0.285%%  3.780%% 3,785%x
-do= & 2 0.985%% 31.007% 77.637%% 0u113%%  L.279#%  9,562%% ,230#x 3 g31%% 4 102%%
=do- 5 2 0.840%% 33,323%% 79,005%* 0.096%% L4,227%c G743%%  D.206%x 3.817%2  2,503%%
Others & 0.032¢ 0,008 2.194%%  0.011%* 0,001 0.068 0.026%¢ 0,001 0,008 -
Error (2) 32 0,010 0.064 0.023 0.001 0.005 0. 149 0.002 0.004 0,065

*Significant at 0.05 level,
®¢Significant at 0,01 level,



APPEMDIN = ¥
Abstract of ANOVA of Crop growth charackers = second crop

M5
Source daf Flent height Tiller number LAY
20th DT 40th DT At harvest
Total 71
Replication 2 0.746 k6,587 67.270 4507 .010 0.748
Main plot 7 29,9954 318.614#u 399.160:* 7534 500%+ 1.1b42%%
Error (1) 14 4.950 4.531 3.610 1024.710 0.001
Between treat-
ments within
main plot-1 2 5.576%# 1210425+ 108,036n% 6844 ,125%% 0.6683%»
«do- 2 2 9Q.572%+ 144 ,6eB%* 202,53 %+ 5539.070%# 0.675%%
~3o~ 3 2 8,222%= b ,014%n 171.1212% 6157 .455%= 0. 74542
=do- 4 2 1.832 175 .110%% 301 .846%x 7702 .,590%% O.711*=
~do- 5 2 7 .036%% 144 , BhL6%% 136.L02%» 11063.,030% 0.755%%
Others 6 2,945 1.940 2.970 1447 .395 0.006%%
Erroxr (2) 32 0.953 C.8%1 2,030 907 .35 0.001

#¥*Slgnificant et 0.01 level,



APPENDIX = V1

Abstract of ANOVA of vield components and yield ~ ggcond crop

54

ag Vo. of Length of Weight No. of Thousand Grain

Source Panicles panicle ggnicle g%iigg/ %ggéﬁt yield g?gﬁg nggtggy
per o panicle :

Total & .

Replication 2 3629.07 117.26 0.20 227 .56 442 5267.60 9853.43 19712

Main plot 7 8454.25%% 38.76%% 0,26%% EO4,11%% Q,20% 715402.98%%  1227750.10%% 3265024%*

Error (1) 14 470,73 1,79 0,02 25.81 0.07 198.26 583,38 26916.57

Between treat-
ments within :
8027.67#% 30,52#% (,13%*% 569,254# 1,58 025132,00%®  764008.50%% 2146Q76%%

main plot=-1 2
=dow~ 2 2 6513.05%% 15,21%% 0.11%* 388,30%¢ 0,75%% 833032,71%%  703888,50%% 1436016%*
o~ 3 2 B762.91%% B LGxR  Q,07** 210,36%% 0,41% 845837 .94%%  674019.00%% 1871808%*
-do- L2 8306,02%% 28,15%* 0,13e® £38,92%% 1,79%2 1006396,40%% 840237 .,00%* 2200896%*
~do= 5 2 T435.76%%  T,76%% (0,12%% 186,93%% 0,60%¢ 1074716,60%% 933754 .50%% 2515200%%
Others 6 1361.33%%  1.78%  1,06%% 400,99%% 2,88#% 7977 .90¥# 2686, 76%+ 71832%.)
Error {2) 32 168.31 0.52 0.01 15.97 0.11 164,20 526.91 22076

*Significant at 0.05 level.
##3jignificant at 0.01 level,



APPENDIX - VIT

Abstract of ANOVA of nutrient uptake by the crop - second Crop.

- MS
Source df Nitrogen Phosphorus Potassium
20th DT  40th DI At harvest 20th DT 4Oth DT At harvest 20th DT &0th DT At harve
Total 71
Replication 2 186.560 235.720 = 8,699  21.187 36.473 0.477  78.681 80.474  9.484375
Main plot 7 273.284% 1315,376%% 675.829%% 26.807* 194.819%% 72.825%% 92,610% 501.064%% 359,6697%
Error (1) 14  79.97% 126.524 1.682 | 8.891 19.458 0.028  33.028 46.979 0.06919€
Between treat-
ments within
main plot=1 2 33.469 528.834%k  79,273%x 3,197  56,061%% 47.747%% 10.191  153.166%* 260 .6953
=do= 2 2 29,026 519.155%x 37.866%% 2,527  67.368%* 41,987%* 8,102 156.151%% 234 .5772%
=do= 3 2 7h.318%* 278,658%* 36L.006%%  9,218%% 37,267%* 41,350%k 37,412%% g7 .408%* 228,001
~do- 4 2 12476 528.791%% 439.361%% 1,153  68,500%* 50.650%% 3,175  157.909%% 274 .1807%
-do~ 5 2 37.12h 200.09h%* 400.985%%  L,955% = 23.763%% 55.67h%% 235,404 62, 770%% 289,1328%
Others 6 71.522%% 58,832%% 225.467%%  8.530%% 15.202%% 0,113%% 29,508%% 83.878%%  0.3520%
32 11.526 6.784 1.746 1.303 1.046 0.018 4,887 0.0746

Error (2)

7.716

¥Significant at 0.05 level.
¥%Significant at 0.01 level.



APPENDIX ~ VIII

Abstract of ANOVA of Feonomics of weed management -~ second crop,

Total grain yleld of first and second crops and
Germination of cowpes seeds

MS |
. Source af lEconomicé of Totad grall. S aen.
) - o 1eld of first of cowpea
‘weed management gng segond seeds
crops
Totél 71
Replication | 6000 133760%» 1.9875
Main plot: . oRz0B17e* 54434134+ 5116071
Error (1) 9152 18633.14 5.008928
~ Between treatments : '
—————— " ~ithin main plot=1 2 - 12584169 462560n* 1.
-do= 2 2 . q1220852%% 416528%% 0,109375
10w 3 2 OGLTEON% L22912%% 0.78125
~d0- 4 2 9096084 % 503216%% 1.445313
. wdOw 5 2 166522L%% . SB73LLwH 0.4453125
Others ) » 6 16042,766%% . 3968%% 1.2265626
Error (2) . 32 9642 ,642 . %2 ‘ 3478027

t Dats was analysed after deleting the treatment Tpg.
*Sigpificant at 0.05 level,
x#stgnificant at 0.01 level.



ABSTRACT

A field experiment was undertaken at the College of
Agriculture, Vellayani, to find out a seientific and
profitable weed management technique for a Rice-Rice
Cropping System, under transplanted condition during the

Virippu - Mundakan seasons of 1984-85.

The first crop with five hérbicides (thicbencarb
1.5 kg, butachlor 1.0 kg, perndimethalin 1.0 kg, nitrofen
1.875 kg and fluchloralin 4.0 kg a.i. per ha) and three
controls (hand weeding, completely weed free and weedy
check) was 1aid out in RED,

Using the same lay out, in the second crop, each
herbicide treated main plots wés divided in to three sub_
plots and allotted no weeding, hand weeding and same
herbiclde treatments and the results analyseq as that of
a 3plit plot with non-factorial structure. The salient
findings of the experiments are as follows,

~ First Crop

Weed number and competition was severe upto the
40th DT and monocots out numbered dicots., . Nitrofen and

thiobencarb reduced weed population, weed dry matter



accumulation, nutrient removel by weeds and achieved

high Weed Control Efficiency than hand weeding,

Nitrofen and thicbencarb improved plant growth
characters, enhanced yield components, inereased grain
and straw yield arnd accelerated nutrient upteke, followed
ﬁy butachlor, Thesé hgrbicides recorded low Weed Index
values, Application of ﬁhiobencarb, butachlor or nitrofen
was more profitable than hand weeding twice.

Second Crop

There was no shift in weed species due to herbicides,
Veed number and competition were severe upto the 40th DT
and monccot weed population was higher than dicots,
Though there was a general reduction in the population
and dry matter of weeds dug to herbicide appliecation of
first crop, their residual effgct was not enough to keep
the field unweeded during the second crop season. Weed
number, weed dry matter and nutrient removal by weeds were
reduced by the repeated application of thicbencarb or
nitrofen or these herbicides~hand weeding combinations,
They recorded Weed Control Efficiency of more than
62 percent,



it

Plant growth characters, yield components, grain
and straw yield, and nutrient uptake by the crép were
favourably influenced by the above herbicides in
combination with hand weeding or when repeatedly applied
equal to or better then farmers practice of hand weeding.
They recorded low values of Weed Indices, The residual
effect of herbicides applied in the first crop was not
significant in the above characters. Thousand grain
‘weight and protein content were not influenced by the

treatments,

In the system approach, highest total grain yield
was produced by thiobencarb-hand weeding, nitrofen~hand
veeding and butachlor-hand weeding where as highest net
profit was obtained by the repeated application of
thiobencarb and butachlor. Herbicide residual toxieity

was not observed to the succeeding cowpea Cr'op.

1 .
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