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ABSTRACT

The demand for corn is increasing in Asia for feed and biofuel. It is grown in the rice-corn cropping system. During
harvest of corn, however, seeds drop on the soil surface and become problems as volunteer corn seedlings in the subse-
quent dry-seeded rice crop, in which the suppressive effect of standing water is absent. A study was conducted in
screenhouse and field conditions to evaluate the effect of rice herbicides on the management of volunteer corn seedlings.
In the screenhouse experiment, bispyribac-sodium at 0.030 and 0.045 kg-ai-ha™' provided complete control of corn
seedlings. Fenoxaprop + ethoxysulfuron and penoxsulam + cyhalofop did not provide effective control of corn seed-
lings. In the field, the sole application of bispyribac and sequential application of oxadiazon and bispyribac suppressed
corn biomass by 60% - 82% and 89% - 91%, respectively, as compared with the nontreated control. The results of this
study demonstrate that, in the absence of other management strategies, volunteer corn seedlings in dry-seeded rice sys-
tems can be managed by using bispyribac-sodium.
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1. Introduction emergence, which provides very effective weed control.
During harvest, a huge amount of corn seeds drop in the
field, especially where corn is harvested using machines.
These corn seeds germinate and emerge in the subse-
quent rice crop. These volunteer corn seedlings severely
compete with rice crop.

In traditional puddled-transplanted rice systems, it is
easy to manage volunteer corn seedlings with the use of
intensive tillage in wet conditions and flooding. Because
of labor and water scarcity, traditional rice systems are
being replaced by mechanical-sown dry-seeded rice sys-
tems [4,5]. In these systems, the suppressive effect of
standing water is absent. In addition, the conditions are
suitable for corn germination in dry-seeded systems.

Because of intensification and diversification, there is
no sufficient time to manage volunteer corn seedlings
before crop planting. In such situations, there is a need to
find suitable control measures for volunteer corn in dry-
seeded rice systems. A computer search revealed no in-
formation on the control of corn in rice. Some herbicides
may be phytotoxic to corn but not to rice. However, such
“Corresponding author. information is not available in the literature, especially in

Double- and triple-crop rice monoculture systems are
common in tropical humid and subtropical Asia. These
intensive rice production systems provide staple food for
hundreds of millions of people, and they greatly affect
the livelihoods of the urban and rural poor people in Asia.
Recently, however, increasing demand for corn in many
Asian countries has resulted in the diversification of rice
monoculture systems to rice-corn cropping systems. Corn
is also more water efficient than rice, especially in the
wake of increasing water scarcity [1]. The rice-corn crop-
ping system is gaining importance mainly because of
increasing demand of corn for feed and biofuel [2]. Corn
is grown on around 2.6 Mha in the Philippines, where it
is cultivated in dry seasons.

Growing corn in the dry season and rice in the wet sea-
son can provide high total productivity in the rice-corn
cropping system. In the Philippines, glyphosate-resistant
corn cultivars are grown [3]. In these corn cultivars, gly-
phosate (a nonselective herbicide) is applied as post-
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the rice-corn cropping system. Therefore, a study was
conducted in controlled and field conditions to evaluate
the effect of rice herbicides on volunteer corn seedlings.

2. Materials and Methods

Two experiments were conducted to evaluate the efficacy
of different herbicides on volunteer corn seedlings. The
first experiment was conducted in pots in a screenhouse
and the second experiment was conducted in a field at
the International Rice Research Institute, Los Bafios,
Philippines.

2.1. Screenhouse Experiment

Six plants of rice (cv. Rc222) and corn (cv P3482YR)
were grown in plastic pots (30 cm diameter and 27 cm
height). Rice and corn plants were grown alternatively in
the same pot. The pots were filled with 9 kg soil. The soil
was collected from upland rice fields and it had clay,
sand, and silt contents of 40%, 22%, and 38%, respec-
tively. Rice and corn were planted on August 28, 2012.
There were seven treatments; nontreated control, bispyri-
bac-sodium (bispyribac, hereafter) applied at 0.030 and
0.045 kg-ai-ha' at 10 days after planting (DAP), fenoxa-
prop-ethyl + ethoxysulfuron applied at 0.045 and 0.068
kg-ai-ha ' at 15 DAP, and penoxsulam + cyhalofop ap-
plied at 0.072 and 0.108 kg-ai-ha ' at 15 DAP. Herbicides
were sprayed using a research track sprayer that deliv-
ered 210 L ha™' spray solution through flat-fan nozzles.

In the screenhouse, the pots were laid out in a com-
plete block design. There were eight replications for each
treatment. Plant samples were harvested 30 DAP. Seed-
ling survival percent, plant height, and aboveground
shoot biomass were measured for both rice and corn. For
biomass, plant samples were placed in an oven at 70°C
for 72 hours.

2.2. Field Experiment

A field experiment was conducted in a randomized com-
plete block design and there were three replications of
each treatment. This experiment was conducted two
times (and therefore, a total of six replications). The ex-
perimental site was rotovated twice using a 4-wheel
tractor before crop planting and then it was leveled using
a wooden board.

Before crop planting, corn (cv. P3482YR) seeds were
broadcast uniformly at a rate of 50 seeds m 2. These corn
seeds were collected from the crop (glyphosate-resistant)
grown on the farm. Rice (cv. Rc222) was planted by
hand at 100 kg-ha ' in 20 cm wide rows. The crop was
planted on January 23, 2013 (for first experiment) and
March 20, 2013 (for second experiment). Immediately
after planting, a light irrigation was given and then irri-

Open Access

gated as required by the crop. Nitrogen (N) was applied
in two equivalent splits (30 kg:N-ha') at 14 and 28 DAP.

There were eight weed control treatments: weed-free
(no corn was broadcast in this treatment); weedy (non-
treated control); butachlor + propanil at 0.60 kg-ai ha " at
6 DAP; oxadiazon at 0.75 kg-ai-ha™' at 1 DAP; bispyri-
bac at 0.030 and 0.045 kg-ai-ha ' at 14 DAP, oxadiazon
at 0.75 kg-ai-ha' at 1 DAP followed by bispyribac at
0.030 kg-ai-ha' at 14 DAP; and oxadiazon at 0.75
kg-ai-ha™' at 1 DAP followed by bispyribac at 0.045 kg
ai ha' at 14 DAP. Herbicides were applied with a knap-
sack sprayer that delivered 320 L-ha™' of spray solution
through flat-fan nozzles.

At 35 DAP, rice and corn plants were sampled from a
central 1-m” area. For rice, leaf area and aboveground
biomass were measured. For corn, plant density and
biomass were measured. Biomass was measured after
oven drying samples at 70°C for 72 hours.

2.3. Statistical Analyses

Data from screenhouse and field experiments were ana-
lyzed with analysis of variance (ANOVA) to evaluate
differences between treatments and the means were sepa-
rated by least significant difference (LSD) at the 5%
level of significance [6].

3. Results and Discussion
3.1. Screenhouse Experiment

In the pot study, herbicide application did not influence
seedling survival of rice (Table 1). These results suggest
that the tested herbicides can be used on rice. In fact,
these herbicides are being used in dry-seeded rice to
manage broad-spectrum of weed flora [7,8]. Tallest rice
plants were observed in the nontreated control (Table 1).
In the nontreated control, rice plants grew with corn
plants and the stiff competition might have resulted in
tallest rice plants in this treatment. All herbicides sup-
pressed the height of rice plants. Bispyribac is known to
cause stunting in rice [9]. However, its tolerance is de-
pendent on rice cultivar [10,11].

Bispyribac application at both rates provided complete
control of corn (Table 1). The next best treatment was
fenoxaprop + ethoxysulfuron at both doses (19% - 25%
survival). After the application of penoxsulam + cyhalo-
fop, 50% - 70% corn seedlings survived. Similar re-
sponse was observed for corn height. In the nontreated
control, corn produced highest biomass (2.7 g-plant™).
Bispyribac application killed all corn plants and therefore
no biomass was observed. Although corn produced
higher biomass in the penoxsulam + cyhalofop treatment
(0.64 - 0.67 g-plant ") compared to fenoxaprop + ethox-
ysulfuron treatment (0.36 - 0.39 g-plant™"), the difference
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Table 1. Effect of herbicides on the survival, height, and biomass of rice and corn seedlings.
Rice Corn
Treatments
Survival Height Biomass Survival Height Biomass
(%) (cm-plant™) (g-plant™) (%) (cm-plant™") (g-plant™)
Control 100 38.2 0.149 100 81.6 2.71
Bispyribac 0.030 100 27.1 0.114 0 0 0
Bispyribac 0.045 94 30.4 0.165 0 0 0
Fenoxaprop + ethoxysulfuron 0.045 98 33.6 0.210 25 24.5 0.36
Fenoxaprop + ethoxysulfuron 0.068 100 25.5 0.099 19 214 0.39
Penoxsulam + cyhalofop 0.072 100 28.2 0.069 71 39.7 0.67
Penoxsulam + cyhalofop 0.108 88 28.4 0.075 54 40.6 0.64
LSDy s NS 4.8 0.070 16 13.2 0.54
Abbreviations: LSDy s, least significant difference at 5% level of significance; NS, nonsignificant.
was statistically nonsignificant. Because of strong com- 16
> Statist . o (@
petition with corn, rice produced the lowest amount of -
biomass in the penoxsulam + cyhalofop treatment (Table > 12
1). Although bispyribac completely controlled volunteer 2 N; 10 } LSD
corn seedlings, rice did not produce highest biomass in 3 g 8
this treatment. This response could be due to the phyto- g £ 6
toxic effect of bispyribac on rice. In earlier studies in the O 4
Philippines and USA, bispyribac was reported to cause 2 ﬂ H m
toxic effect on rice [9-11]. In the Philippines, for exam- 0 : : : :
ple, bispyribac reduced rice shoot biomass by up to 37% 100 ] (b)
[9]. In another study, bispyribac at 0.03 kg-hafl reduced , ]
rice biomass by 65% compared with a nontreated control ® 80 LSD
. S E
[12]. Rice susceptibility to fenoxaprop has also been re- S's 60
ported [13]. 2o
= 40
3
3.2. Field Experiment 20
In the screenhouse experiment, fenoxaprop + ethoxysul- 0 ‘ H 0
furon and penoxsulam + cyhalofop did not provide effec- $@®& 0@0 @‘9 Q,@Q Q.Q“% 0,0’50 Q&G’
tive control of corn seedlings and therefore, these treat- & ¥ @Q’;‘e @éa\”
ments were not included in the field experiment. Plots S 0{\"9 03‘90
treated with a single application of pre-emergence herbi- & &
cide (i.e., oxadiazon) or treated with no herbicide had
Treatments

greater density and biomass of corn seedlings compared
with other treatments (Figure 1). The application of early
post-emergence (butachlor + propanil) or late post-emer-
gence (bispyribac) herbicides reduced corn density com-
pared with the nontreated control (weedy) (Figure 1(a)).
Compared with the weedy plots, butachlor + propanil and
bispyribac-treated plots produced fewer biomass of corn
seedlings (Figure 1(b)). Compared with the weedy plots,
sole application of bispyribac suppressed corn biomass
by 60% - 82% and sequential application of oxadiazon
and bispyribac suppressed corn biomass by 89% - 91%.
Although the plots treated with the sequential application
of oxadiazon and bispyribac (9 - 11 g-m?) had lower
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Figure 1. Effect of weed control treatments [weedy (non-
treated control); butachlor + propanil at 0.600 kg-ai-ha™;
oxadiazon at 0.75 kg-ai-ha™'; bispyribac at 0.030 and 0.045
kg ai ha™'; oxadiazon at 0.75 kg ai ha™' followed by bispy-
ribac at 0.030 kg-ai-ha™'; and oxadiazon at 0.75 kg-ai-ha'
followed by bispyribac at 0.045 kg-ai-ha™'| on density (a)
and biomass (b) of corn.

corn biomass than the plots treated with bispyribac alone
(17 - 37 g'm™?), the difference was statistically nonsig-
nificant.

Rice produced highest leaf area (4600 cm*m?) and
biomass (38 g'm %) in the weed-free plots (Figure 2).
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Figure 2. Effect of weed control treatments [weed-free ( no
corn was broadcast in this treatment; weedy (nontreated
control); butachlor + propanil at 0.600 kg-ai-ha™'; oxadia-
zon at 0.75 kg-ai-ha™'; bispyribac at 0.030 and 0.045 kg-ai-ha';
oxadiazon at 0.75 kg-ai-ha™' followed by bispyribac at 0.030
kg-aiha™'; and oxadiazon at 0.75 kg-ai-ha™' followed by
bispyribac at 0.045-kg-ai-ha™'| on leaf area (a) and bio-
mass (b) of rice.

The next best treatment was oxadiazon followed by bis-
pyribac at 0.03 kg-ha™', which produced a leaf area of
4500 cm*m* and biomass of 36-g-m 2. Compared with
the nontreated plots (weedy), the plots treated with oxa-
diazon followed by bispyribac at 0.03 kg-ha™' produced
2.8 times more leaf area and 2.6 times more rice biomass.

The results of our study suggest that volunteer corn
seedlings can be managed by using bispyribac in dry-
seeded rice systems. However, bispyribac may cause
phytotoxic effect on some rice cultivars. In previous stu-
dies, rice toxicity due to bispyribac application has been
reported [10]. However, there was little effect on grain
yield of rice. Furthermore, bispyribac is widely used to
manage weeds in direct-seeded rice systems in other
countries, e.g., India and Sri Lanka [8,14,15]. Therefore,
in the absence of other effective management strategies,
bispyribac can be used to manage volunteer corn seed-
lings. In dry-seeded rice systems, weeds are the most
important biological constraints as weeds emerge simul-
taneously with rice seedlings [4]. Therefore, there is a
need to apply pre-emergence herbicides to achieve effec-
tive weed control. At present, a pre-emergence followed
by one or two post-emergence herbicides are applied in
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dry-seeded rice systems [7,16]. Our study also found that
oxadiazon as pre-emergence and bispyribac as post-em-
ergence can control volunteer corn seedlings. However,
there is a need to integrate other control measures, such
as the use of stale seedbed practice, to achieve complete
control of corn seedlings in dry-seeded rice systems.

4. Conclusion

Volunteer corn seedlings severely compete with rice crop
in dry-seeded rice systems, in which there is no standing
water. Bispyribac-sodium can be used to control such
corn seedlings in rice. The sequential application of oxa-
diazon and bispyribac suppressed corn biomass by 90%
as compared with the non-treated control.
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