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Response of Weedsand Yield of Dry Direct Seeded Riceto Tillage
and Weed M anagement

Jagat Devi Ranjit! and Rungsit Suwanketnikom?

ABSTRACT

The study was initiated to assess the performance of rice (Oryza sativa) under dry direct seeded
environment with two tillage systems of conventional tillage and minimum tillage and five weed
management treatments namely unweeded control, handweeding twice 25 and 45 days after seeding,
anilophos + one handweeding, bispyribac-sodium, and straw mulch + bispyribac-sodium asan aternate
method of transplanting in the mid-hill ecology. Both anilophos and bispyribac—sodium were found to
reduce narrowleaf and broadleaf weeds compared to unweeded control. However, anilophos reduced
Cyperusdifformis, C. sanguinolentus, and C. iria4 weeksafter seeding (WAS) but not Ammania sp. and
Dopatrium junceum 8 WAS. Bispyribac—sodium and straw mulch + bispyribac-sodium reduced the
population of Alternanthera philoxeroides, Ammania sp., Commelina diffusa, C. difformis, C. iria, and
D. junceum 8 WAS. No phytotoxic effect on the rice plants was observed due to both herbicides. Yield
andyield attributeswere not affected by thetillage systems. Theweed managementswerefoundto affect
the numbers of tiller per square meter and grain yield. The increasing number of weed did not affect the
plant height of rice (Khumal-4). The numbers of tiller and grain yield highly affected the increasing
number of weed population. Anilophos plus one handweeding, straw mulch plus bispyribac-sodium,
handweeded twice and bispyribac—sodium alone gave higher yield compared to unweeded control.
Promising grainyield could beachieved withtheanilophosor bispyribac-sodiumwithadditional physical
or mechanical control methods in dry direct seeded rice.
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INTRODUCTION

Transplanting is the popular rice
establishment practicethroughout Nepal withvery
little in direct seeding in some pocket areas. But
with the ascending problem of labor and time,
alternate method of rice culture may be beneficial
in the future. However, direct seeding will be an
alternateoptiontotransplanting. Puddlingfor rice
transplanting al so makesland preparation difficult
for wheat crop in rice-wheat rotation resulting in

cloddy soil structure, lossof soil moisture, delayed
and inadequate seed soil contact (Sharmaand De
Datta, 1985). Weedsare oneof thelimiting factors
in direct seeded rice in reducing the yield. Weeds
account for 50-80% yield reduction in rainfed
uplands (Ranjit et al., 1989; Sinha et al., 1996).
Yieldreductioninriceiseven higher (97%) dueto
competition of Echinochloa crusgalli (Kurchania
et al., 1991). However, Echinochloa spp. was
reported to be more competitive causing greater
loss in growth and yield of rice compared to C.
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difformis, Eclipta alba, Marsilia minuta, and
Paspal umdistichum(Srinivasan and Pal aniappon,
1994). Theyieldlossescaused by different weeds
dependsonthetypeof riceculture, weedinfestation,
density and weed species prevalence.

Hand weeding isthe most popular method
of weed management in Nepal aswell asin many
parts of the world. Besides hand pulling and hand
weeding, a number of herbicides have been
developed and tested for the direct seeded rice
around the world. Herbicides such as butachlor,
thiobencarb, pendimethalin, oxyfluorfen, propanil
quinclorac, ioxynil, 2,4-D, piperophos +
sulfonylurea, bentazone, molinate and bispyribac-
sodiumhavebeentestedindirect seededriceinthe
past research (Biswas et al., 1992; Chin, 1999;
Crawford and Jordan, 1995; Im, et al., 1999;
Ranjit et al., 1989). Many factors affected cause
the change of weed communities. Weed florain
the rainfed ecosystem has been reported to be the
most complex compared to irrigated rice, but the
weed management is the most important and can
fill up at least 15% yield gap in different growing
conditions (Moody, 1982). This study aimed to
assesstheresponsesof weed andyield attributesof
dry direct seeded rice to tillage and weed
management with bispyribac-sodium and
anilophos herbicide and straw mulch in the mid-
hill ecology.

MATERIALSAND METHODS

This experiment was conducted in the
lowlandfieldat Agronomy farm, Khumaltar, Nepal
inasplit plot designwithRCBD replicated 4 times
during the summer season of 2002. Themain plots
and sub plots were compiled of tillage and weed
management respectively. Theplot sizewas4m x
5m (20m?2) and row spacing 20 cm. Thefield was
located at an elevation of 1360 m above mean sea
level on27°40'N latitudeand 85° 20’ E longitude.

Land preparationwasdonewith 2 ploughing
and 2 harrowing in case of conventional tillage

(CT). But, for minimum tillage (MT), about 5-7
cmdeep ploughing (only onetime) wasundertaken
by the Chinese Seed Drill. Rice seeding was done
after wheat harvest.

Plantingwascarried out after makingaline
with hand hoe for both tillage systems. Planting
and harvestingwereconductedin Juneand October
respectively.

The variety used was Khumal-4. Seed rate
was 90 kg/ha. Chemical fertilizer was applied at
100 kg nitrogen, 50 kg phosphorus, and 30 kg
potash per hectare. Nitrogen was splitted in two
halves. The 18t half was given asbasal doseduring
planting and 2" half during top dressing 45 days
after planting. Chopped rice straw at 4 t/ha was
used for the mulch treatment one day after rice
seeding.

Weed count was initiated from 0.50 m?2
placing 50 cm by 50 cm quadrat at 2 placesin each
plot. Weed count was performed 3 times first 4
weeks after rice seeding (WAS), the second one 8
WAS and the 3" at milking stage of rice (MSR).
Thefirst and second weed countswere carried out
fromthe same spotsin each plot but thethird count
wasdonefromthedifferent spotineachplottosee
the changesin weed floraduring the reproductive
stageof rice. I ndividual weed specieswascounted.
Weeds were pulled during the second and third
counts and biomass was recorded after separating
and cutting therootsof thenarrowl eaf and broadl eaf
weeds.

Chopped rice straw @ 4t/ha was used for
the mulch treatment one day after rice seeding.
Therewere5weed management treatmentsnamely
unweeded control (W), twice hand weeding 25
and 45 days after sowing (DAS) (W),
preemergence application of anilophos [S[N(4-
chloro-phenyl-)-N-isopropyl-carbamoyl-methyl-]-
0, o-dimethyl-dithiophosphate, trade name =
Arozin® 30EC] @ 0.4kg ai/ha (Ws3),
postemergence application of bispyribac-sodium
[ 2,6-bis{(4,6-dimethoxypyrimidin-2-yl)
oxy} benzoate, trade name = Nominee®10 EC] @
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50 g a (Wy), and rice straw mulch @ 4 t/ha +
postemergence application of bispyribac-sodium
@ 40 g a /ha 40 days after seeding (DAS) (Ws).

Bispyribac-sodium was applied after
mixing with 1/1 v/v surfactant. Anilophos was
applied oneday after rice sowing. Aspeebackpack
sprayer with 4 flat fan nozzles (8002) wasused for
herbicide spray. The spray volume was 500 I/ha.
Theweather during herbicide spray wassunny sky
with patches of cloud and mild wind.

Plant height (cm), tillers per square meter,
seeds per panicle, thousand seed weight (g) and
grain yield (kg/ha) were recorded. Plant height
was recorded from the averages of 5 plant in each
plot. Tillerswererecorded from one square meter
ineach plot. Harvestingwasdonefrom 9.60 square
meter (3m x 3.20m). Grain yield was adjusted at
14 percent moisture contents.

The mean minimum temperature during
thericecrop ranged from 20.3°C (June) to 12.8°C
(October) and the maximum temperature ranged

from 28.5°C (June) to 24.7°C (October). Thetotal
rainfall was 993.5 mm from Juneto October. The
percent soil moisture during therice crop was 40-
53.

RESULTSAND DISCUSSION

Weeds were categorized in narrowleaf
(grass and sedge), broadleaf (monocot and dicot)
and pteridophyte. The important species were A.
philoxeroides, C. diffusa, C. difformis, C. iria, C.
sanguinolentus, Ceratopteris thalictroides, E.
colona, F. miliacea, Lindernia procumbens, and
P. distichum (Tablel).

Response of weeds and weed biomassto tillage
and management

Both narrowleaf and broadleaf weeds and
their biomasswerefound not to bedifferent dueto
tillage in all counts. However, P. distichum was
noticed to bemorein minimumtillage8 WASand

Table1l Weed speciesrecorded in the experimental field at different stages of direct seeded rice.

Weeds species Family Weeds species Family

Narrowleaf weeds : Alternanthera philoxeroides (Mart) Griseb. ~ Amaranthaceae
Ammania baccifera L. Lythraceae

Cynodon dactylon L. Pers Poaceae Dopatrium junceum Hamilt. Scrophulariaceae
CyperusdifformisL. Cyperaceae Lindernia procumbens Philcox Scrophulariaceae
C. dilutusL Cyperaceae Polygonum hydropiper L. Polygonaceae
C.iriaL Cyperaceae Rotola indica Koehne Lythraceae
C. sanguinolentus Vahl. Cyperaceae Rorrippa indica Brassicaceae
Echinochloa colona L. (Link) Poaceae Vandellia angustifolia Benth. Scrophulariaceae
E. crusgalli (L) P. Beauv. Poaceae
Eriocaulan sp. Eriocaulaceae  Broadleaf weeds (Monocot) :
Eriocaulan sieboldtianum Sieb.et Zucc  Eriocaulaceae
Fimbristylis miliacea Vahl. Cyperaceae Commelina diffusa Burm.f Commelinaceae
Paspalum distichum L. Poaceae Murdania sp. Commelinaceae
Panium sp. Poaceae Monochoria vaginalis Presl. Pontederiaceae
Scirpus juncoides Roxb. Cyperaceae Sagittaria guayanensisH.B.K Alismataceae
Broadleaf weeds (Dicot) : Pteridophyte :
Ageratum conyzoides L. Asteraceae Ceratopteristhalictroides (L) Brongn Parkeriaceae
Eclipta prostrata L. Asteraceae
Erigeron sp. Asteraceae
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MSR athough the population was not high. But
the number of C. sanguinolentus was less in
minimum tillage 8 WAS (Figure 1).

It has been reported that different tillage
systems have different rates of weed suppression.
Reduced tillage (one round tillage + leveling)
resulted in heavy infestation of F. miliacea. But
conventional tillage increased the amount of M.
vaginalis. A seedingrateof 100kg/hasignificantly
reduced sedges and broadleaf biomass 60 days
after planting but not E. crusgalli (Azmi and
Mortimer, 1999). However, the tillage did not
affect thetotal populations of weed inthestudy. It
might need afew years to see the change in weed
population and species (Table 2).

Total number of weed wasdifferent dueto
weed management treatmentsin all counts except
broad| eaf weeds4 WAS. Preemergenceapplication
of anilophos + handweeding, straw mulch +
bispyribac-sodium and bispyribac-sodium alone

(a) Cyperus sanguinolentus
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Figurel Weed speciesresponseto conventional
tillage (CT) and minimumtillage (MT)
at4WAS, 8WAS, andMSR. Vauesin
the barswith the samelettersabove are
not significantly different at the 0.05
level. Barswithout letter arenot signifi-
cantly different.

reduced the narrowleaf weedsin al counts(Table
2). Among theindividual species, anilophosand
straw mulch suppressed more amount of C.
difformisand C. sanguinol entusthantheunweeded
control 4 WAS (Figure 2). All weed control
treatmentswerefoundto suppressboth narrowl eaf
and broadleaf weeds8 WAS, and MSR (Table 2).

Post-emergence application of bispyribac-
sodiumal oneand straw mul ch + bispyribac-sodium
werefound to suppressboth types of weed namely
Ammania sp. and D. junceum, but both of them
werenot suppressed by anilophoswhen compared
to the unweeded control 8 WAS (Figure 2). The
number of these weeds decreased during the
maturity stageof rice. Weedslike Cyperusspp., C.
diffusa, and D. junceum were suppressed by
bispyribac-sodium alone and in combination with
straw mulch (Figure 2).

Narrowleaf and broadl eaf weed biomasses
were significantly different due to weed
management 8 WAS and MSR. Higher weed
biomass was recorded in the unweeded control.
The rest of the weed management treatments
lowered the weed biomassin the samerange. The
herbicideapplicationwasalso equally effectiveas
twice handweeding (Table 3).

Earlier researches also reported that
bispyribac—sodium controlled many narrowleaf
and broadleaf weedssuch asC. diffusa, C. iria, E.
crusgalli, Fimbristyllis spp., Leersia oryzoides,
Murdania sp., P. distichum, Polygonum sp.,
Sagittaria spp., Scirpus spp., and Sphenoclea
zeylanica (Han, 2001; Kobayashi et al., 1995;
Shinohara et al., 1994; Tachikawa et al., 1997,
Y okohama et al., 1993). A. philoxiroides,
Aeschenomene indica, Ammania coccinea, and
Heteranthera limosa were also controlled by KIH
2023 (bispyribac—soduim) (Bravermanand Jordan,
1996). Anilophos + ethoxysulfuron or anilophos
aonecontrolled the most dominant weed Cyperus
sp., F. miliacia and also Saccolepis interrupta
(Moorthy et al., 1999; Screedevi and Thomas,
1993).
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Table2 Narrowleaf and broadleaf weeds as affected by tillage and weed management.

Treatment Narrowleaf weeds Broadleaf weeds
4WAS 8WAS MSR 4WAS 8WAS MSR

(Plants/0.50 m?)

Tillage:

Conventiona tillage (CT) 921 65 31 23 45 11
Minimum tillage (M T) 145 79 43 36 45 11

Weed management :
Unweeded control (W) 1722 1172 58a 27 25¢ 302
Handweeding twice (W5) 1612 9o  4ga 32 56 b 70
Anilophos + handweeding one (Ws) 63b 5obc  34bc 28 1072 7b
Bisbyribac-sodium (W) 127 55¢ 21¢ 35 12¢ 5b
Straw mulch + bisbyribac-sodium (Ws)  70P 40¢ 23¢ 24 25¢ 70
Tillage (T) NS? NS NS NS NS NS
Weed management (W) * % * % * % NS * % * %
TxW NS NS * NS NS NS

M eanswithin the same column and grouping followed by the same letters are not different according to Fisher’ s protected test
P=0.05.

Treatment effects and interactions were significant at 5% (*), significant at 1% (**) or nonsignificant (NS).
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Figure2 Weed species responses to different weed managements of W1 (unweeded control), W2
(handweeded twice), W3 (anilophos+ oneweeding), W4 (bispyribac-sodium), and W5 (straw
mulch + bispyribac-sodium) at 4 WAS, 8 WAS, and MSR. Valuesin the bars with the same
letters above are not significantly different at 0.05 level. Bars without letters are not
significantly different.
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Table3 Effects of weed management on dry weed biomass at different stages of rice.

8 Weeks after sowing (WAS)  Maturity stage of rice (MSR)
Treatments Narrowleaf ~ Broadleaf Narrowleaf Broad| eaf
(9/0.50 m?)
Tillage::
Conventional tillage (CT) 35.61 5.8 305 134
Minimum tillage (MT) 48.7 82 439 13.7
Weed management :
Unweeded control (W) 113.12 18.12 88.32 50.82
Handweeding twice (W>) 20.9b 4.6b 11.1b 24D
Anilophos + handweeding one (W3) 14.5b 45b 24.4b 37b
Bisbyribac-sodium (W) 38.40 2.3b 3550 5.3b
Straw mulch + bisbyribac- 24.0b 5.6 26.8b 55b
sodium (Ws)
Tillage (T) NS? NS NS NS
Weed management (W) *% * % * % *%
TxW NS NS NS NS

1

P=0.05.
2

Response of yield attributes of riceto tillage

There were no significant differences on
plant height, tillers per square meter, thousand
seed weight and grain yield due to tillage. It
showedthat dry direct seedingricein conventional
and minimum tillage did not affect the yield
attributes and could be planted in both tillage
systems(Table4). Hobbset al. (2002) al soreported
that rice yield was in the same range in both
puddlied and unpuddled rice cultures. This might
be due to the condition under the unpuddled rice
culture where the weeds were more properly
controlled, since, in general, weeds in unpuddled
rice culture were more serious problem than in
puddled rice culture.

Response of yields attributes to weed
management

Tillers per square meter, grain yield and
dry straw weight were significantly different due

Meanswithin the same column and grouping followed by the samelettersare not different according to Fisher’ s protected test

Treatment effects and interactions were significant at 5% (*), significant at 1% (**) or nonsignificant (NS).

toweed management, but not plant height, number
of seeds per panicle, and thousand seed weight. It
showed that higher numbers of weed did not affect
plant height becausethe plant height in other weed
management treatments was in the same range of
theunweeded control. Number of tillersper square
meter ranged from 205 in unweeded control to 335
instraw mulch + bispyribac-sodium. Higheryield
(6,708 kg/ha) wasrecordedin handweedingtwice,
straw mulch + bispyribac-sodium (6,445 kg/ha),
and anilophos + one handweeding (6,416 kg/ha)
whichwereat par toeach other. Bispyribac-sodium
aoneyielded 5,469 kg/ha which was higher than
that in unweeded control (2,136 kg/ha) (Table 4).
All weed management treatmentsexcept unweeded
control in this experiment gave promising yields
up to 670 kg/ha. In the study, both herbicides did
not show any phytotoxic effect on rice plants.
However, the phytotoxic effect of theseherbicides
on different agroecological rice cultivarsneedsto
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Table4 Effectsof tillage and weed management on plant height, tillers, seeds/panicle, thousand seed
weight, grain yield and dry straw weight of dry direct seeded rice.

Treatments Plant Tiller Seed/panicle 1000 Grain  Straw
height Filled Unfilled seedwt. yield biomass
(cm) (no/ m?) ----(no./panicle)----  (Q) (kg/ha)  (kg/ha)
Tillage:
Conventional tillage (CT) 12761 281 146 12 18.7 5630 7395
Minimum tillage (MT) 1278 256 126 11 194 5239 6432
Weed management :
Unweeded control (W) 1274  205° 106 11 19.1 2136°  3989P
Handweeding twice (W5) 1272 258® 138 11 19.3 67082 77012
Anilophos + handweeding one (W3) 1285  277% 170 11 18.9 64168 75412
Bisbyribac-sodium (Wy) 1275 270%c 128 10 19.2 54690 71952
Straw mulch + bisbyribac-sodium (Ws) 1280 3352 139 15 18.8 64453 81402
Tillage (T) NS? NS NS NS NS NS NS
Weed management (W) NS NS * NS NS *x >
TxW NS NS NS NS NS NS NS

1 Meanswithin the same column and grouping followed by the same |l etters are not different according to Fisher’ s protected test

P=0.05.

2 Treatment effects and interactions were significant at 5% (*), significant at 1% (**) or nonsignificant (NS).

be assessed inthefuture. Therotational effect of
these herbicides to wheat herbicides should be
studied in depth in different agroecological
environments to find the effect on crop and weed
shiftsin the future.

With the increasing number of narrowleaf
weed population, bothtillers per square meter and
grainyield decreased (Table2, 4, andFigure3). In
this study Cyperus spp. were the found to be
dominant narrowleaf weed. Broadleaf weed like
D.junceumdid not affect thericeyields(Figure3).
Because the yield in anilophos treatment was
higher, even the broadleaf weeds was not
suppressed. Theyieldreductionmight bedepended
on weed species.

However, the low yield in bispyribac-
sodium alone compared to other treatments W2,
W3 and W5 was actually not known although it
suppressed both narrowleaf and broadleaf weeds
(Figure3). Thisherbicidemight needtobeassessed
withregardtotime, rateandthecultivar indifferent

agroecological environments for more seasons.
CONCLUSION

Most common weeds associated with dry
direct seeded rice were A. philoxiroides, C.
difformis, C.iria, C. sanguinolentus, C. diffusa, D.
junceum, E. colona, and Lindernia sp. Both
narrowleaf and broadleaf weeds were not
significantly different due to tillage, but was
significantly different due to weed management.
Bothnarrowl eaf and broadl eaf weedswerereduced
by bispyribac-sodium. WeedslikeA. philoxiroides,
Cyperus spp., and D. junceum were significantly
reduced. However, Ammania sp. and D. junceum
were not suppressed by anilophos. No phytotoxic
effect onrice plantshas been observed dueto both
herbicides. Thisstudy showed that both herbicides
couldbeappliedindry direct seededriceculturein
the mid hill ecology. The weed managements
showed significant impact on tillers and grain
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Figure3 Grainyieldsof rice asaffected by narrow leaf (NL) and broadleaf weed (BL) under different
weed managements of W1 of (unweeded control), W2 (handweeded twice), W3 (anilophos +
1weeding), W4 (bispyribac-sodium), and W5 (straw mul ch + bispyribac-sodium) 8 WASand

MSR.

yield. With the increasing number of weed
population, the numbers of tiller and grain yields
decreased. All weed management gavecomparable
yields to twice handweeding. With the proper
weed management 150-200 percentriceyieldcould
be increased so that the drudgery operation like
seedbed preparation and transplanting could be
avoided in dry direct seeded rice culture.
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