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Weed Seed Bank Responseto Soil Depth, Tillage
and Weed Management in the Mid Hill Ecology
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ABSTRACT

The size and composition of weed seed bank was studied in the glass house based on the study
initiated inthefield under conventional and minimum tillage with five weed managementsin wheat and
dry direct seeded rice rotation at various soil depths such as 0-5 cm, 5-10 cm, 10-15 cm, and 15-20 cm.
The experimentswere conducted at Agronomy Farm, Khumaltar, Nepal during 2001-2003. The number
of weed species was greater in weed seed bank than in the field. Eighty—one weed species belonging to
25 familieswereretrieved from the soil seed bank samples collected over three seasons.  Dicot broadleaves
ranked first in terms of number of species followed by grasses, sedges, monocot broadleaves and
pteridophytes. Alopecuros aequalis, Digitaria sanguinalis, Echinochloa colona, Phalaris minor,
Polypogon fugox, Cyperus difformis, C. dilutus, C. iria, C. sanguinolentus, Fimbristyllis littoralis,
Chenopodiumalbum, Coronopus didymus, Lindernia procumbens, Rumex crispus, Soliva anthemifolia,
Sellaria media, S aquatica, Commelina diffusa, Murdania sp. and Ceratopteri thalictroides were the
common weeds. Vertical distribution of weed seed bank of grasses, sedges, and broadleaves showed in
descending order from 5 cmto 20 cmin all season’s soil samples and the pressure of most weedswas at
5-10 cm soil depth. The total number of weeds in seed bank per square meter ranged from 6,800 to
9,500 in 0-5 cm depth. Tillage affected on grass weed seed bank but had no consistent effect on sedges
and neither on broadleaves over seasons. Sulfosulfuron and fenoxaprop affected on annual grass weed
seed bank but not on broadleaf by the later. Bispyribac—sodium and anilophos both suppressed grass
and sedge weed seed bank. Weed seed bank was influenced by management as well as soil depths.
Key words: rice, wheat, tillage, weed seed bank, weed management

INTRODUCTION bank size has been some form of following

combined with cultivation. Similarly, in areas

Tillage, weed management and crop  relying on chemical weed management, herbicides

rotation are major variablesthat affect weed seed  affect and change the seed bank spectrum and size.
banks in the soil. In many parts of the world, the ~ For example, atrazine used in maize (Zea mays)
most popular technique for reducing weed seed  monoculture reduced the weed seed bank by 90%
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after 6 years of application (Cavers and Benoit
1989). However, inmany partsof theworld, tillage
isstill the major weed management tool in several
cropping systems.

Weed management in the rice (Oryza
sativa) —wheat (Triticum aestivum) cropping
systems of the mid hills of Nepal is still heavily
reliant on tillage and hand weeding.This rotation
ispredominant in Nepal and throughout the Indo-
Gangetic region. However, with the devel opment
of cost effectivetillage systemsin theserotations,
weed management is becoming a major concern
because of issues of weed species shifts and
alterationsin the soil weed seed bank composition.
Several studies in temperate regions have shown
that changes in tillage regimes cause a change in
the weed community composition and seed bank
dynamics. It hasbeen cited that, concerns of weed
species shift is one of the major constraint to
widespread adoption of conservation tillage
systems (Derksen et al.,1994). Therefore, weed
species shift and soil weed seed bank dynamics
becomes an important aspect in devel oping weed
management systems and in anticipating future
weed problems.

Changes in the tillage system can cause
the secondary weed to becomeaprimary problem.
For example, there are instances in wheat where
the management of broadleaf weeds over time has
promoted the prolific growth of grassy weeds
(personnel experience). In many areasof theworld,
rice is direct seeded. Direct seeding of rice is
usually achieved with less aggressive tillage and
agreater use of herbicides. Thismethod hasled to
an increase in annual weed problems aswell asa
shift in the spectrum of annual weeds present.
Management of these new weed problems of rice
and other tropical weeds in other situations is
dependent upon the knowledge of soil seed bank,
their size and dynamics (Adkins, 1999).

The past researches on soil seed banks
weremainly concentrated on cerealsand legumes.
Very few studies have looked at the seed bank

dynamics in a rice - wheat system. It has been
reported that crop rotation in combination with
reduced tillage could limit grass and broadleaf
weed seed production regardless of the level of
weed management input (Kegode et al., 1999).
However, weed management showed moreimpact
than tillage on weed seed production in a maize-
soybean rotation (Perron and Legere, 2000).
Reduction of weed seed production has been
reported with continuous weed management for
six years (Menges, 1987). However, seasonal
variations have been found in weed seed
production in different habitats (Roberts and
Ricketts, 1979). An account of weed seed
deposition may help in predicting the effect of
weed management and tillage and in anticipating
future weed populations. Very little or no attention
has been given to this aspect in the rice-wheat
cropping systems of Nepal. Further, past
researchesin other countries have mainly focused
on wheat-soybean, maize, pulses and other crops.
The present study aimsto predict the soil seed bank
in arice-wheat cropping system as influenced by
tillage and weed management.

MATERIALSAND METHODS

Three sets of glasshouse experiments
were conducted to study the soil seed bank
dynamics in a wheat-rice rotation at Agronomy
Farm, Khumaltar, Nepal. The experiment was
based on samples collected from a field study
determining the effect of tillage and weed
management in wheat and rice. The field study
consisted of two tillage systems, conventional
tillage (2 ploughing + 2 harrowing) and minimum
tillage (one time 5-7 cm) deep soil scratch made
by a Chinese Seed Drill under five weed
management regimes (Table 1). Rice was direct
seeded indry soil inboth tillage systemsand both
rice and wheat were row-planted manually. The
treatments were replicated four times.

Soil samples were collected from the
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Table1l Weed management regimesin wheat and rice rotation.

Wheat

Tillage

Conventional tillage (CT)
Minimum tillage (MT)

Weed management regime

Unweeded control (W1)

Handweeding one (W2)

Post application sulfosufuron 28 g ai/ha (W3)

Post application fenoxyprop—P-ethyl @ 100 g ai/ha (W4)

Straw mulch @ 4 t/ha + sulfosulfuron @ 26 g ai/ha (W5)

Rice

Tillage

Conventional tillage (CT)
Minimum tillage (MT)

Weed management regime
Unweeded control (W1)
Handweeding two (W2)
Pre-application anilophos @ 0.4 g ai/
ha + one handweeding (W3)

Post application bispyribac- sodium 50
g a/ha (W4)

Straw mulch @ 4 t/ha + bispyribac-
sodium 40 g ai/ha (W5)

field three timesduring therotation. Thefirst (1)
sample was collected just prior to wheat planting,
the second (2™ after wheat harvest, and the third
(3) after rice harvest. The field was divided into
forty 4 x 5m plots before land preparation. Soil
cores were taken in five spots within each plot at
4 soil depths (0-5, 5-10, 10-15 and 15-20 cm). The
coreswere taken with a5-cm diameter soil auger.
There were altogether 800 soil cores (5 cores x 4
depths x 2 tillage x 5 weed management x 4
replications). Thetotal areafor each depth per plot
was 589.04 cm?. The total soil volume of each
core was approximately 491 cm3. The samples
were stored in a dark place at room temperature
for 3weeksand then transferred to plastic trays (5
x 19 x 24 cm). These trayswerefilled with coarse
sand (sterilized at 90°C for 72 hrs in the oven)
upto 2 cm and covered with athin film of cotton
gauge. The five soil cores from each plot were
combined, crumbled and laid on top of the cotton
gauge (Barberi et al., 1998). Therefore, altogether
therewere 160 trays (4 depths x 2 tillage x 5 weed
management x 4 replications) for each set of the
experiment. The soil was kept moist by watering
daily. But watering was suspended for 8-10 days
every 4 months. All the soil sampleswere treated
with KNOg (potassium nitrate) solution @ 2

gm/1l of water at 32 weeks of the experiment. The
date soil cores were taken at the 1%, 2nd and 31
sampling corresponded to Oct. 2001, May 2002,
and Oct. 2002, respectively. The temperature of
the glass house ranged from 9.2°C minimum to
21.8°C maximum in December and 22.1°C
minimum to 35.9°C maximum in August.

Emerged weed seedlingswere pulled out,
identified and counted at regular intervals at the
3-5-leaf stage of the weed. Almost all types of
weed species were allowed to grow in a separate
pot until the flowering stage for identification
purposes. Weed identification was done by
consulting the Herbarium Division, Department
of Forest, Kathmandu, Nepal and other references
(e.g. Hirohito, 1997). The identified weeds were
categorized into five groups: grass, sedge,
broadleaf dicot, broadleaf monocot, and
pteridophytes. Theweed datawerelater converted
to per square meter.

RESULTSAND DISCUSSION

Weed species composition

Altogether seedsof 81 weed specieswere
retrieved from the soil seed bank samplescollected
over the three seasons . Dicot broadleaf,
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representing 50 species belonging to 18 families,
ranked first in terms of number of seedlings
emerged. Grasses ranked second with 14 species
belonging to a single family. Sedges ranked third
with 9 species belonging to 2 families. Further,
there were 5 species of monocot broadleaves
belonging to 3families, and 2 pteridophyte species
belonging to 2 families (Table 2). A few species
were dominant in each broadleaf, grass or sedge
category. Alopecuros aequalis, Digitaria
sanguinalis, Echinochloa colona, Phalaris minor
and Polypogon fugox were the common species
among the grasses. Cyperus difformis, C. dilutus,
C. iria, C. sanguinolentus and Fimbristylis
littoraliswerethe common sedge specieswhereas,
Chenopodium album, Coronopus didymus,
Lindernia procumbens, Rumex crispus, Soliva
anthemifolia, Sellaria mediaand S. aquaticawere
the most common broadleaf dicots. Commelina
diffusa, Murdania sp. and Ceratopteri thalictroides
were the most common monocot broadleaves and
pteridophtye, respectively (Table1).

The number of weed species that
emerged from the sampled soil weed seed bank
was greater than the number of species that was
actually observed in the field. Some species,
although not observed growing in the field were
recorded in the weed seed bank. This might have
been due to alelopathic effect of species in the
field or prolonged dormancy of the seed, or lack
of ideal conditions for seed germination and
seedling emergence. Frequent removal of emerged
weed seedlings from the soil cores might have
provided an opportunity to several other species
of weeds to germinate and emerge from the weed
seed bank as opposed to the growing conditions
inthefield. However, this phenomenaneeds more
attention in future studies.

Response of weeds to soil depths, tillage and
weed management

Soil depth

The vertical distribution of total weed

seeds in the seed bank showed a declining trend
in density as the depth increased from 5 cm to 20
cm in al the soil samples regardless of season
(Tables 3, 4 and 5). The total grass weed seeds
decreased over the season. But the pressure was
inthefirst 0-5-cm depth (Table 3). The seed bank
Sizeof grassesincreased from 40%-70% over time.
Sedges and broadleaf weed seeds also showed a
similar trend but the percent increase was not as
high asin grass (Table 3 and 4).

The seeds of P. minor, A. aequalis,C.
difformis, C. iria, C. sanguinolentus, C. albumC.
thalictroides, C. didymus, E.colona, L.
procumbens, M. pumillus, P. fugox, R. crispus,
Santhemifolia, S. media and S. aquatica were
mainly located in the 5-15 cm soil depth (Table 3,
4 and 5). The seed bank density of C. album
decreased over time in all the depths (Table 5).
The seed bank density of broadleaf weeds such as
C. didymus, L.procumbens, R. crispus, S.
anthemifolia, S. media and S. aquatica decreased
after wheat harvest but increased in the soil
samplestaken after rice harvest. The density of S
anthemifolia increased in 20 cm soil depth after
rice harvest than after wheat harvest. Seed bank
of C. thalictroides decreased in al the depth after
rice harvest than before wheat planting and after
harvest (Table 5). Seed bank of A. aequalis, C.
album, P. minor and S media decreased by more
than 100% after wheat and rice harvest than before
wheat planting or the beginning of the experiment.
It might be due to management effect during rice
and wheat seasons. But the seed bank of C.
difformis, C. iria, C. sanguinolentus, E. colona,
L. procumbens, P. minor, S. anthemifolia and S
aquatica increased after the rice harvest in 5 cm
soil depth showing their inconsistency trend (Table
3,4 and 5). This study showed that the weed seed
accumulation of most species was highest in the
5-10-cm soil depth.
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Table2 Occurrence of weed species in the seed bank.

21

Weed species Family Season¥
Grass
1 Alopecuros aequalis Sobol. Poaceae W
2 Cynodon dactylon (L.) Pers. Poaceae W
3 Digitaria sanguinalis (L.) Scop. Poaceae S
4 D.ciliarisKodl. Poaceae S
5 Echinochloa colona L. (Link.) Poaceae S
6 E. crusgalli (L.) Beauv. Poaceae S
7 Eluesineindica (L) Gaertn. Poaceae S
8 Phalaris minor Retz. Poaceae W
9 Paspalumdistichum L. Poaceae S
10 Panicum sp. Poaceae S
11 Poa annua L. Poaceae W
12 Polypogon fugox Steud. Poaceae W
13 Setaria sp. Poaceae S
14 Unidentified grass Poaceae S
Sedge
1 Cyperus difformis L (Roxb.) Cyperaceae S
2 C.iriaL. Cyperaceae S
3 C. cuspidatus Kunth Cyperaceae S
4 C. dilutus Vahl. Cyperaceae S
5 C. sanguinolentus Vahl. Cyperaceae S
6 Eleocharis atropurpuria Kunth. Eriocaulaceae S
7 Eriocaulan sieboldtianum Siebet. Eriocaul aceae S
8 Fimbristylislittoralis Gaud. Cyperaceae S
9 Scirpus juncoides Roxb. Cyperaceae S
Broadleaf Dicot
1 Ageratum conyzoides L. Asteraceae S
2 Aeschenomeneindica L. L eguminoseae S
3 Alternanthera philoxeroides (Mart.) Griseb. Amaranthaceae S
4 A. sessilis (L) DC. Amaranthaceae S
5 Ammania baccifera L. Lythraceae S
6 A. coccinea Rottb. Lythraceae S
7 Amaranthus retroflexus L. Amaranthaceae S
8 Bidenspilosa L. Asteraceae W
9 Bothiospermum sp. Boraginaceae w
10 Chenopodium album L. Chenopodiaceae W
1 C. ambrosoides L Chenopodiaceae W
12 Coronpus didymus Smith. Brassicaceae w
13 Cardamine pretense L. Brassicaceae
14 Conwvulvulus arvensis L. Convolvulaceae W
15 Cotula sp. Asteraceae W
16 Dicrocephala sp. Asteraceae W
17 Dopatrium junceum Hamilt. Scrophulariaceae S
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Table2 (Cont'd)

Weed species Family Season¥
18 Drymaria cordata (L). Willd. Cayopyllaceae W
19 Elatine sp. Elatinaceae S
20 Euphorbia hirta L. Euphorbiaceae W
21 Eclipta prostrata L. Asteraceae S
22 Fragaria sp. Rosaceae
23 Gnaphalium affine D. Don. Asteraceae W
24 Hydrocotyle nepalensis Hook. Umbelliferae S
25 | pomea sp. Convolvulaceae S
26 Lindernia sp. Scrophulariaceae S
27 L. procumbens (Krock.)
28 L. crustacea (L.) F. Muell. Scrophulariaceae S
29 Lactuca sp. Asteraceae W
30 Mazus sp. Scrophulariacese S
31 Mazus pumillus (Burm. f.) Van Steenis. Scrophulariaceae S
32 Oenothera sp. Onagraceae
33 Oxaliscorniculata L. Oxalidacese w
34 Polygonum hydropiper L. Polygonaceae W/S
35 P. plebgjum Polygonaceae W
36 Polygonum sp. Polygonaceae W
37 P. conspicum Nakai. Polygonaceae S
38 Rorripa indica Brassicaceae W
39 Rotala rotundifolia Lythraceae S
40 Rumex sp. Polygonaceae W
41 R. crispusL. Polygonaceae W
42 Ranunculus sp. Ranuncul acese
43 Senecio wulgarisL. Asteraceae W
44 Soliva anthemifolia Asteraceae w
45 Sellaria media Villars. Caryophyllaceae w
46 S aquatica Scop. Caryophyllaceae W
47 S alsine Grimm. Caryophyllaceae W
48 TrifoliumrepensL. Leguminoseae W
49 Vandellia ungstifolia Benth. Scrophulariaceae S
50 Vicia hirsuta S. F. Gray. L eguminoseae W

Broadleaf M ococot
1 Commelina diffusa Burm.f. Commelinaceae S
2 C. benghalensisL. Commelinaceae S
3 Monochoria vaginalis Presl. Pontederaceae S
4 Murdania sp. Commelinaceae
5 Sagittaria guayanensisH. B. K Alismaceae S

Pteridophytes
1 Ceratopteris thalictroides Brongn. Parkeriaceae S
2 Pteridium sp. Pteridaceae S

V' season; W =winter, S = summer
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Tillage

The total weed seed bank density of
grasses was greatly reduced after wheat and rice
harvest in comparison to before wheat planting.
Theminimumtillage system had fewer grass seeds
in the seed bank compared to the conventional
tillage system (Table 3). Although seeds of sedges
increased in both tillage systems after wheat and
rice harvest, theincrement waslower in minimum
than in conventional tillage after wheat harvest
(Table 4). There was no significant impact of
tillage systems on the weed seed bank of
broadleaves (Table 5).

The seed bank of A. equals, P. minor and
R. crispus was larger in conventional than in
minimum tillage. In contrary, the seed bank of E.
colona and C. difformis was larger in minimum
than in conventional tillage (Table 3, 4 and 5). It
has been reported that tillage systems influence
weed seed bank size and composition to a much
greater extent than crop rotation (Barberi and
Cascio, 2001). Higher concentration of annual
dicot weed seed hasbeen reported in 5-15 cm deep
in conventional tillage than in minimum tillage or
reduced tillage (Vanasse and Leroux, 2000). The
effect of tillage systems on winter and summer
weed seed bank size was more prominent for
grasses because there were fewer grass seeds in
minimum tillagein both wheat and rice. However,
thetotal seed bank of sedgewasnot reduced. This
indicated lesser impact of minimum tillage on
sedgeinrice (Table 4). S. media does not tolerate
deep ploughing but survives with no or moderate
soil disturbance (Cardina et al., 2002). In the
present study S. media did not show any
significant differences between conventional
tillage and minimum tillage (Table 5). It has been
reported that zero till reduced the density of P.
minor and enhanced thewheat yield (Mehlaet al.,
2000). In this present study, some disturbance of
soil in the minimum tillage system might have
stimulated the germination of P. minor seeds over
time. This experiment showed that there was a
significant effect of tillage systems on grassweeds.

However, tillage systems showed no consistent
trends for the distribution of sedge weeds in the
seed bank. Further, the tillage systems had no
impact on the seed bank of broadleaf weeds.

Weed management

The total grass weed seed bank was
smaller in both trestments of herbicide application
after wheat harvest and treatments hand weeding
and both treatments of herbicide application after
rice harvest. This indicated the effectiveness of
weed management in wheat and ricein suppressing
winter and summer grass weeds, respectively.
Both sulfosulfuron and fenoxaprop were effective
in suppressing grasses associated with the wheat
crop. Similarly, anilophos plus hand weeding and
bispyribac-sodium was effective on the grass
weeds associated with the rice crop (Table 3).

The effect of weed management
treatments on weed seed bank of sedge wasfound
after rice harvest. All the treatments, except
unweeded control, suppressed the sedge seed bank.
The mulch treatment was the most effective asiit
had the lowest number of sedge seedsin the seed
bank (Table 4). The effect of weed management
on the broadleaf seed bank was found after wheat
andriceharvest. Larger number of broadleaf seeds
werefound in the seed bank under fenoxaprop and
bispyribac-sodium in both after wheat and rice
harvest. This showed that herbicides used in this
study were not effective in controlling the
broadleaf weeds (Table 5).

Significant effect of different weed
management treatments was found in the weed
seed bank of A. aequalis, P. fugox, and S.
anthemifolia after wheat harvest. Sulfosulfuron
and fenoxaprop controlled both A. aequalisand P.
fugox grass weeds in wheat. P. minor was not
effected by the weed management treatments in
this. The seed bank of S anthemifolia was not
affected by fenoxaprop.The effects of weed
management on the seed bank of C. album, R.
crispus and S. media were only observed in the
soil sampletaken after rice harvest. C. Albumwas
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higher in straw mulch + sulfosulfuron whereas R.
crispus and S. media were higher in fenoxaprop
application plot (Table 3 and 5).

The seed bank of C. difformis, C. iria
and L. procumbenswere significantly reduced after
rice harvest. This showed the effect of rice weed
management on these weeds as these weeds were
associated with the rice crop. Weed management
treatments did not show any effect on the seed bank
sizeof E. colona (Tables 3, 4 and 5). All theweed
management treatments reduced the seed bank of
C. difformis and C. iria when compared to the
unweeded control (Table 4). The seed bank size
of C. thalictroides and L. procumbens, however,
was larger in the mulch treatment than in the
unweeded control. Mulch might havefavored the
prolific growth of these weeds (Table 5). It needs
futher study in the future.

The seed bank of C.iria, C. didymus, M.
pumilus, P. minor and S. anthemifolia increased
over time regardless of weed management in the
present study. However, the effect of weed
management treatments on the seed bank of these
species were found within a season (Table 3, 4,
and 5). The study showed that the effect of weed
management on the seed bank also depended on
the type of weed species and their behavior. An
earlier study by Yenish et al. (1992) showed that
seed numbers with no tillage and weed free
conditionsdecreased by 40 % relativeto herbicide
aone. Thisstudy showed that sulfosulfuron and
fenoxaprop affected A. aequalis and P. fugox in
the wheat crop. Fenoxaprop did not affect the
broadleaf weeds. Bispyribac — sodium and
anilophos both suppressed the grass and sedgesin
the rice crop but the mulch treatment favored the
growth of someweeds both in summer and winter.

Interaction effect of soil depth and
tillage

The seed bank after wheat harvest
showed an interaction of soil depth and tillagefor
E. colona and S media (Table 6). Similarly, the
interaction of depth and tillage after rice harvest

was evident in the seed bank for C. album, C.
difformis, C. dilutusand P. minor (Table6). The
seed bank size of the above mentioned weedswas
smaller in minimum tillage than in conventional
tillage. The seed bank size of C. album, C.
difformis, C. dilutus and E. colona increased in
conventional tillagein the upper 2 depths (0-5cm
and 5-10 cm) over the season (Table 6). These
may be dueto either the remaining plants of these
Species escaping from management or the tillage
system promoting the germination of buried seeds
inthe soil. Past studies of Clements et al. (1996)
and Buhler et al. (2001) have shown higher weed
pressureinthefirst 5cmdepthin minimumtillage
systems. It has been reported that C. album seeds
remaining in the soil for 20 years may still have a
23% viability (Harrison, 1990). The seed bank size
of C. album, C. difformis, C. dilutus P. minor and
S mediawaslarger in conventional tillagethanin
minimum tillage. The lack of much soil
disturbance in minimum tillage might have
reduced the seed bank of many weeds as compared
to conventiona tillage.

C. ambrosoideswasrecorded for thefirst
2 seasons (before wheat planting and after wheat
harvest). The number of thisweed was greater in
5-10 cm and 15-20 cm in minimum tillage but
disappeared over time. It showed that this weed
was more common in minimum tillage than in
conventiond tillage. This may be a reason why
this weed is more common in fallow as well as
compost pits than in the crop fields (visual
observation).

Interaction effect of soil depth and
weed management

Interactions occurred between soil depth
and weed management on the seed bank of C.
difformis, Elatine sp., Murdania sp. and R.
rotundifolia after wheat harvest (Table 7).
Sulfosulfuron was effective in reducing the seed
bank of S. alsine compared to handweeding.
However, the seed bank size of thisweed was not
suppressed by fenoxaprop.
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Interaction effect of soil depth and weed management to weed seed bank density after wheat harvest (AWH).

Table7
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Refer to materials and methods for the details of soil depths (A) and weed management (W).

Means within the same column and grouping followed by the same letter are not different according to Fisher’s protected test P=0.05.

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

Weeds like A. aequalis, C. difformis, C.
iria. L. procumbens and S. media showed an
interaction between depth and weed management
after rice harvest (Table 8). Theseed bank size of
total grasses, sedges and broadleaved weeds al so
showed an interaction between depth and weed
management. Both sulfosulfuron and fenoxaprop
suppressed the seed bank of A. aequalisin the O-
5-cm depth. Straw mulch plus sulfosulfuron also
suppressed the seed bank size of A. aequalisin
the 0-5-cm depth but not in the other depths (Table
8). The total grass weed seed bank was less in
anilophos + hand weeding in the 0-5-cm depth.

All the weed management treatments
decreased the weed seed bank size of C. difformis,
C. iria and total sedge in the 0-5-cm depth
compared to unweeded control. Thericeherbicide
bi spyribac-sodium alone and in combination with
straw mulch showed a promising effect on
reducing the seed bank size of sedge (Table 8).

Seed bank size of S. media was
suppressed by sulfosulfuron alone and in
combination with mulch but not by fenoxapropin
0-5-cmdepth. C. thalictroideswasless prevalent
in both anilophos and bispyribac-sodium
treatments. However, the seed bank size of L.
procombens was not affected by the anilophos
treatment but was affected by the bispyribac-
sodium treatment. The seed bank size of these
weeds was even less in unweeded control. The
reason for the low density of these weeds may be
the greater suppression of these species by other
weeds in the unweeded control compared to the
other treatments. The total seed bank size was
larger in bispyribac-sodium application. This
might be because the broadleaf weeds were not
suppressed by fenoxaprop athough the summer
broad| eaf weed seed bank waslessin thistreatment
(Table 8). This study showed that weed species
having an interaction with depth and weed
management treatment can be effectively managed
in the 18t 0-5-cm layer with the appropriate
treatments. It has been reported that weed control
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practices can prevent increased number of weed
seed in reduced tillage systems too (Hofman et
al., 1988).

CONCLUSIONS

The largest number of weed species in
this study were recorded in the broadleaf weed
groups followed by grasses and sedges. Thetotal
number of weed species was 80 falling in 26
families. The important weed species were A.
aegualis, C. difformis, C. iria, C. sanguinolentus,
C. didymus, C. thalictroides, C. album, E. colona,
L. procumbens, P. minor, R. crispus, S.
anthemifolia, S. mediaand S aquatica. Seed bank
of all these weeds were accumulated in 5-15 cm
soil depth. The vertical distribution of total weed
seed bank of all 3 categories of weeds showed a
descending trend from 5 cm to 20 cm depthsin al
seasons soil samples. Total grass weed seed bank
increased from 40% to 70% in 5 cm in contrast
the size decreased from 34-17% in 5-10 cm, 19 -
8%in10-15cmand 6 - 2%in 15- 20 cm depthin
all the seasons. Total seed bank size of sedgesand
broadleaf weeds also showed the same trend but
the gap was not aswide asin case of grass weeds
among the depths. The total percent increment of
sedges was almost doubled after rice harvest than
in the beginning of wheat planting. It seems that
management practices have to beimproved in the
future. The total seed bank size of grasses
decreased more than 100% after wheat and rice
harvest in both conventional and minimum tillage
and more than before wheat planting but the size
was less in minimum tillage than in conventional
tillage. Total sedges increased in both tillage
system after wheat and rice harvest but the density
was still less in minimum tillage than in
conventional tillage. Thetotal broadleaf weed seed
bank was not effected by thetillage systems. Weed
seed bank of A. aequalis, P. minor and R. crispus
was higher in conventional tillage than in
minimum tillage. E. colona and C. difformiswere

higher in minimum tillage than in conventional
tillage. P. minor seed bank size in both tillage
system did not show any differences. The little
disturbance of soil in minimumtillage might have
favored to germinatethisweed over time. The seed
bank size of A. aequalis was affected by
sulfosulfuron and fenoxaprop applied in the wheat
crop. But fenoxaprop did not effect on broadl eaf
weeds in wheat crop. Bispyribac-sodium and
anilophos both suppressed the weed seed bank of
grasses and sedges. Weed seed bank of C. iria, C.
didymus, M. pumillus, P. minor and S. anthemifolia
increased over seasons regardless of weed
management. Seed bank of C. album, C. difformis,
C. dilutusand E. colonaincreased in conventional
tillage in the upper 2 depths (0-5 cm and 5 - 10
cm) over seasons. The reason might be either the
plants escaped from management resulting huge
seed shed or tillage system have promoted to
germinate the buried seeds from the soil. Straw
mulch plus sulfosulfuron suppressed A. aequalis
in 0-5 cm but not in other depths.
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