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ABSTRACT

Dry-seeded rice production systems are increasing in many Asian countries because of labor and water scarcities.
However, weeds are the main biological constraints in these systems. Herbicides are widely used to manage weeds but
they do not provide effective weed control. The use of crop residue as mulch can suppress weed emergence and weed
biomass but mulch alone does not provide effective weed control. The integrated use of herbicide and mulch, however,
could provide more effective and sustainable weed control in dry-seeded rice systems. A study was conducted in two
consecutive rice growing seasons to evaluate the combined effect of herbicide (treated and nontreated) and rice straw
mulch (0, 2, and 4 t-ha™") on weed growth and rice yield in a dry-seeded rice system. In the nontreated plots, weed bio-
mass decreased with increases in mulch amounts, whereas weed biomass in the herbicide-treated plots was similar at
different mulch amounts. Overall, herbicide treatments provided better weed control than the mulch treatments. In the
nontreated plots, grain yield was similar at different mulch amounts, whereas grain yield in the herbicide-treated plots
was greater when the field was mulched with 4 t-ha™' of rice straw than with no mulch or mulched with only 2 t-ha™' of
rice straw. The results suggest that integrated use of mulch and herbicides can help weed control and increase crop yield

in dry-seeded rice.
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1. Introduction

Rice is one of the most important crops in the world.
More than 90% of the world’s rice is grown and con-
sumed in Asia. In most Asian countries, rice is com-
monly grown by manual transplanting of seedlings into
puddled soil [1-3]. Recently, however, there has been a
shifting of puddled-transplanted rice to seeded rice in
many Asian regions. The main reasons for this shift are
labor and water scarcities. The farm labor wage has in-
creased significantly because of the migration of labor
from rural to urban areas. In addition, it is difficult to
acquire labor at the critical time of seedling transplanting.
By the time labor is available, the critical time of trans-
planting has already passed, which results in a decline in
grain yield. Puddling and transplanting operations in the
puddled-transplanted rice production system consume a
considerable amount of water [3]. It was predicted that
South and Southeast Asia may experience physical and
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economic water scarcities in the near future [4,5]. There-
fore, to solve the problems of labor and water scarcities,
farmers in many Asian countries are shifting toward
seeded rice systems, especially mechanized sowing of
dry-seeded rice [1,6].

Seeded rice systems have several advantages over pud-
dled-transplanted rice systems. However, weeds are the
number-one biological constraint to the production of
seeded rice systems because of the absence of standing
water at crop emergence to suppress weed emergence
and the absence of a seedling size advantage to suppress
weed growth [1,7]. Rice cultivars capable of emerging
under anaerobic conditions are not available in Asia and
therefore fields can be flooded only after crop emergence
[1].

In Asia, the intensification of rice-based cropping sys-
tems has increased the production of crop residues and,
in the absence of an effective residue management strate-
gy, farmers burn crop residues in the field [8]. Burning
not only results in a loss of nutrients but also causes at-
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mospheric pollution that poses a threat to ecosystem and
human health [2]. Many Asian governments have banned
residue burning and other governments may soon follow
[8].

Crop residues can be used as mulch to suppress weed
emergence and weed growth [9,10]. Crop residues are
usually retained in zero-till fields [1,11]; however, the
residues can also be used as mulch after conventional
tillage [8]. This involves temporarily removing the resi-
dues from the field and then returning them to the field
after crop planting. Many large farmers may not follow
this practice, but this option may be more feasible for
farmers with small landholdings [8,12]. Herbicides are
widely used to manage weeds in dry-seeded rice systems;
however, herbicides alone cannot provide effective and
season-long weed control. Therefore, there is a need to
integrate herbicide use with other weed management
strategies [9,13-15]. The use of residue as mulch can sup-
press weed growth to some extent in seeded rice, but the
combined use of herbicide and mulch may suppress weeds
more effectively. Therefore, a field study was conducted to
evaluate the combined effects of herbicide and mulch on
weed growth and rice yield in a dry-seeded system.

2. Materials and Methods

A study was conducted in a field during the dry and wet
seasons of 2012 at the International Rice Research Insti-
tute, Los Baiios, Philippines. Soil at the experimental site
had a pH of 6.8 and contained organic carbon of 1.0%,
sand of 28%, silt of 43%, and clay of 29%. The field was
cultivated twice before crop sowing. Rice (cv. Rc222)
was planted at a seed rate of 50 kg-ha™' with a combine
drill fitted with knife-point openers. The crop was sown
in rows 20 cm apart on January 7 and May 21, 2012.
Phosphorus and potassium were applied at 40 kg
P,Os'ha™' and 40 kg K,Oha ', respectively, at crop sow-
ing. Nitrogen was applied in three splits: 54 kg N-ha™" at
14 days after sowing (DAS), 54 kg N-ha ' at 35 DAS,
and 72 kg N-ha ' at 60 DAS. The field was irrigated im-
mediately after sowing and then as required. There was
no water stress at any stage of the crop. Because of up-
land conditions and the absence of a hard pan, the field
never experienced flooding.

In the study, there were two herbicide (nontreated and
treated) and three rice straw mulch (0, 2, and 4 tha™")
treatments. The experiments in each season were ar-
ranged in a randomized split-plot design with herbicide
as the main plots and mulch amount as the subplots. Each
treatment was replicated four times in each season. In the
herbicide-treated plots, oxadiazon (0.5 kg-aiha™' at 1
DAS followed by a commercial mixture of fenoxaprop
plus ethoxysulfuron (0.45 kg-aiha™') at 21 DAS were
applied with a knapsack sprayer that delivered 220 L-ha™'
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of spray solution through flat-fan nozzles at a spray
pressure of 140 kPa. Air-dried rice (cv. Rc222) mulch
(straw having leaves and stems) was spread on the soil
surface at 3 DAS at 0, 2, and 4 t-ha .

Weed density and biomass were evaluated at 35 DAS
(14 d after the spray of post-emergence herbicide) by
placing two 40 cm % 40 cm quadrats in each plot. At crop
harvest, it was not possible to count weed density; there-
fore, only weed biomass was determined. Weeds were
cut at ground level, washed with tap water, and then
counted. The biomass was determined after drying the
samples in an oven at 70°C for 72 hours. At crop matur-
ity, the number of rice panicles was counted from four
randomly selected 1-meter rows. The plot size was 12 m’
and the crop was harvested from a 4-m” area on May 1
and September 18, 2012. Grain yield was converted to
t-ha”' at 14% moisture content.

All data were analyzed using ANOVA to evaluate dif-
ferences between treatments, and the means were sepa-
rated using LSD at 5% [16]. Weed density and biomass
data were subjected to transformation; however, the
transformation did not improve the homogeneity of vari-
ance. Therefore, nontransformed data were used for
analysis. In addition, the relationships between grain
yield (tha™') and weed biomass (g'm ) at harvest and
between grain yield (tha™') and rice panicles (no-m )
was assessed using exponential and linear curves, respec-
tively (Sigma Plot 10.0).

3. Results and Discussion

The common weed species at the experimental site were
yellow cleome (Cleome rutidosperma Dc.), bermuda-
grass (Cynodon dactylon L.), rice flatsedge (Cyperus iria
L.), purple nutsedge (C. rotundus L.), crow foot grass
[Dactyloctenium aegyptium (L.) Willd.], southern crab-
grass [Digitaria ciliaris (Retz.) Koel.], junglerice [Echi-
nochloa colona (L.) Link], goosegrass [Eleusine indica
(L.) Gaertn.], Chinese sprangletop [Leptochloa chinensis
(L.) Nees], common purslane (Portulaca oleracea L.),
niruri (Phyllanthus niruri L.), and horse purslane (Trian-
thema portulacastrum L.). Only total weed density and
weed biomass data are presented in this article.

The interaction effect of herbicide and mulch treat-
ments on total weed density was nonsignificant in both
seasons. However, weed density was influenced by indi-
vidual effects of herbicide and mulch (Table 1). In both
seasons, as expected, weed density was higher in the
nontreated plots than in the herbicide-treated plots. Weed
density was significantly higher (352 and 525 plants m™*
in dry and wet seasons) when no mulch was applied. An
increase in mulch amount reduced weed density; how-
ever, the density was similar between the mulch amounts
of 2 and 4 tha™".
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Table 1. Effect of herbicide and mulch amounts on total
weed density at 35 d after sowing in a dry-seeded rice sys-
tem.

Table 2. Interaction effect of herbicide and mulch amounts
on total weed biomass at 35 d after sowing in a dry-seeded
rice system.

Total weed density Total weed biomass LSD*
Treatments Mulch amounts -
Dry season Wet season Nontreated Treated (P=0.05)
no-m > t-ha! g'm >
Herbicide Dry season
Nontreated 315 639 0 60.5 14.0 25.7
Treated 78 125 2 40.6 1.7
LSD (P =0.05) 141 154 4 19.0 0.4
Mulch amount LSD® (P = 0.05) 18.7
0 tha' 352 525 Wet season
2 tha! 170 352 0 245.6 34.5 40.2
4 tha 67 270 2 165.4 12.0
LSD (P =10.05) 145 129 4 118.1 6.4
Abbreviations: LSD, least significant difference. LSDP (P =0.05) 38.0

The interaction effect of herbicide and mulch amounts
was significant on total weed biomass at 35 DAS and this
was true in both seasons (Table 2). Weed biomass at
each mulch amount was greater in the nontreated plots
than in the herbicide-treated plots, except in the dry sea-
son, in which weed biomass at 4 t-ha' of mulch amount
was statistically similar between the herbicide-treated
and nontreated plots (Table 2). In the nontreated plots,
weed biomass was highest in the no-mulch treatment and
it decreased with increases in mulch amounts. In the dry
season, for example, the no-mulch treatment had a weed
biomass of 61 g'm ? and the biomass declined to 41 and
19 g'm* when mulch was added at 2 and 4 t-ha™', re-
spectively. A similar response was observed in the wet
season; however, weed biomass in the wet season was 4
to 6 times higher than in the dry season. In the herbi-
cide-treated plots, on the other hand, weed biomass was
similar at different mulch amounts at 35 DAS (Table 2).
These results suggest that weed biomass can be signifi-
cantly reduced by the use of rice straw as mulch, par-
ticularly where herbicides are not widely used or partial
weed control is expected. However, the use of mulch
alone did not completely suppress the growth of weeds as
the plots mulched with 4 tha ' of straw still had one-
third to one-half of the weed biomass compared with the
plots with no mulch. The combination of herbicide spray
and mulch reduced weed biomass compared with the use
of herbicide alone; however, the difference in weed bio-
mass was statistically similar whether herbicide was used
alone or combined with mulch.

The results suggest that the application of oxadiazon
followed by fenoxaprop plus ethoxysulfuron provided
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*LSD for comparing means within a mulch amount; °LSD for comparing
means within a herbicide treatment. Abbreviations: LSD, least significant
difference.

effective weed control, at least until 35 DAS. In a recent
study in the Philippines, this combination of herbicides
provided excellent weed control in dry-seeded rice sown
after tillage or under zero-till conditions [6]. Oxadiazon
is used as a preemergence herbicide in dry-seeded rice to
control annual grasses and broadleaf weeds [6,17,18]. In
other studies, too, oxadiazon provided excellent weed
control [19,20].

It is well known that crop straw as mulch can substan-
tially suppress the growth of many weeds. Some of the
reasons for weed suppression by mulch are the release of
allelo chemicals, reductions in light transmittance, tem-
perature fluctuations, and a physical barrier by the mulch
cover [21,22]; however, the rice cultivar used in our
study is not known for its allelopathic effects.

In both seasons, grain yield was significantly affected
by the interaction between herbicide and mulch treat-
ments (Table 3). As expected, grain yield was always
higher in the herbicide-treated plots than in the non-
treated plots. In the nontreated plots, grain yield was
similar at different mulch amounts, whereas grain yield
in the herbicide-treated plots was greater when the field
was mulched with 4 tha™' of rice straw than without
mulch or mulched with only 2 t-ha™' of rice straw. In the
nontreated plots, grain yield in the dry season was from
1.1 to 1.3 tha”', whereas grain yield in the wet season
was only 0.2 to 0.3 tha'. Such low yields in the non-
treated plots in the wet season were mainly due to high
weed pressure. Our results support this observation as
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Table 3. Interaction effect of herbicide and mulch amounts
on grain yield in a dry-seeded rice system.

Mulch Grain yield LSD*
amounts Nontreated Treated (P=005)
tha”! t-ha!
Dry season
0 1.05 2.15 0.21
2 1.09 2.17
4 1.27 2.79
b
(PL:S(l)),OS) 0.23
Wet season
0 0.15 1.14 0.97
2 0.22 2.05
4 0.28 3.23
b
(PL:S(l)),OS) 1.00

LSD for comparing means within a mulch amount; "LSD for comparing
means within a herbicide treatment. Abbreviations: LSD, least significant
difference.

grain yield was negatively correlated (P < 0.001) with
weed biomass at crop harvest (Figures 1(a) and (b)).
This relationship occurred irrespective of the herbicide
and mulch treatments; however, the relationship was
slightly stronger in the wet season (R* = 0.65) than in the
dry season (R* = 0.60). Grain yield was also highly cor-
related (P < 0.001) with rice panicle number (Figures 1(c)
and (d)). There was a positive and linear relationship
between rice grain yield and rice panicle number, with
56% (dry season) to 80% (wet season) of the variation in
grain yield explained by the relationship.

In the herbicide-treated plots, the integrated use of her-
bicide and high amounts of mulch (4 tha™) resulted in
the highest grain yield, that is, 2.8 to 3.2 tha”'. Com-
pared with the treatment in which only herbicide was
applied, the best combination (herbicide plus 4 tha™' of
mulch) resulted in 30% greater yield in the dry season
and 180% greater yield in the wet season. These results
support previous suggestions that integrating herbicide
use with other weed management strategies could result
in a greater yield advantage over the use of herbicide
alone.

Our results suggest that the use of rice straw as mulch
can suppress seedling emergence and weed growth [9,10,
23-28]. Herbicide is an important component for manag-
ing weeds in dry-seeded rice systems; however, herbicide
alone may not provide complete and season-long weed
control [1]. Therefore, integrating herbicide use with
other weed management strategies may increase weed
control and grain yield in seeded rice systems. We did
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Figure 1. Relationships between grain yield and weed bio-
mass at crop harvest (a and b) and between grain yield and
rice panicles (c and d) in dry (a and c) and wet (b and d)
seasons.

not sterilize the straw before using in the field and there
were no pest activities observed in the study. However,
crop residue may play an important role in the carryover
of pests from one crop to another. Therefore, it is impor-
tant to examine the straw before using in the field as
mulch. We used a mulch amount of only up to 4 tha™'
but additional rice straw could be brought in from other
fields to achieve greater weed control [10]. Such an op-
tion would be more practical for small-holding farmers
who do not have enough resources to use multiple herbi-
cides or those who practice organic farming [8]. As rice
seeds are usually larger than weed seeds, the use of high
mulch amounts could offer an important opportunity for
weed management. In India, it was reported that the
seeding of rice into a residue load of up to 7 t-ha™" is pos-
sible [25]. Our results also suggest that farmers do not
need to burn rice straw for residue management in inten-
sive cropping systems. In addition to the combined use of
herbicide and rice straw as mulch, the use of the stale
seedbed practice with weed-competitive cultivars could
be included in integrated weed management programs for
dry-seeded rice systems in Asia.

4. Conclusion

In Asia, dry-seeded rice production systems are increas-
ing because of labor and water scarcities. In these sys-
tems, however, weeds are the main biological constraints.
The results of our study showed that integrated use of
mulch and herbicides can help weed control and increase
crop yield in dry-seeded rice systems.
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