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Summary   Two fi eld experiments were conducted to 
develop an integrated weed management system for 
wet direct-seeded rice. The treatments used ranged 
from a single pre-emergence or early post-emergence 
herbicide application combined with land preparation 
or water management. A weed control action indicator 
(WCAI) was used to determine the need for additional 
weed control at 15, 30 and 45 days after seeding (DAS). 
Broadleaf weeds were most dominant accounting for 
78% of the total weed population during the wet season 
while the grasses dominated during the dry season. 
Pre-emergence and early post-emergence herbicide 
treatments combined with good water management 
or good land preparation were effective in controlling 
weeds throughout the crop season. Intermittent irriga-
tion combined with herbicide effectively controlled 
weeds, saved 50% of the labour cost for irrigation and 
yielded as high as continuous irrigation. Pretilachlor, 
cyhalofop, and pretilachlor + WCAI effectively con-
trolled weeds in both water management schemes. The 
combination of good land preparation and herbicide 
effectively controlled weeds. Bispyribac sodium or 
pretilachlor + WCAI effectively controlled weeds 
in both land preparation schemes. Based on WCAI, 
follow-up herbicide application was needed to control 
weeds in the poorly prepared fi eld. Yields obtained in 
the properly prepared fi elds were higher by 1.0 t ha-1 
than in the poorly prepared fi eld. Good land preparation 
combined with safened pretilachlor + WCAI showed 
higher net income compared to other herbicides. With 
poor land preparation, herbicide application is a neces-
sity to obtain higher yield and profi t. Higher income was 
obtained with the combination of intermittent irrigation 
and herbicide application + WCAI primarily because 
of lesser costs of irrigation and higher yields.
Keywords    Herbicide,  land preparation,   water man-
agement,  weed control,  wet direct-seeded rice. 

INTRODUCTION
Weeds play a major role in the reduction of yields in 
wet direct-seeded rice. As the rice and weeds germinate 
together and grow simultaneously intense competition 
occurs. Leaving weeds uncontrolled during the critical 
period of competition causes signifi cant yield losses 
from 40 to 96% in wet direct-seeded rice (Ampong-
Nyarko and De Datta 1991). 
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Chemical weed control has been the frontline de-
fence for the management of weeds in direct-seeded 
rice. Farmers have become so dependent on chemical 
control that herbicide costs now account for 50% of 
the total weed control cost in wet seeded rice and 73% 
in dry direct-seeded rice (Pandey and Velasco 2002). 
The long-term continuous application of herbicides 
however has environment-associated problems. In the 
Philippines, farmers apply herbicides once or at most 
three times to manage weeds in direct-seeded rice 
(Casimero et al. 1994). The prolonged application of 
butachlor based herbicides that target the Echinochloa 
species had successfully reduced the population of this 
species but favoured the shift to Leptochloa chinensis 
Nees as a major weed in direct-seeded rice. This is an 
annual grass that can escape pre-emergence butachlor 
and early post-emergence bispyribac sodium treatment 
and is more adapted to drier fi eld conditions (Casimero 
and Kawana 2000). Farmers in Iloilo reported that L. 
chinensis used to grow along the bunds of rice pad-
dies in the 1980s and is now a dominant weed in wet 
seeded and dry seeded rice. This observation confi rms 
that when farmers become reliant on the same type of 
herbicides, shifts in weed populations occur favour-
ing the less important ones which emerge as major 
weeds after the dominant species population has been 
reduced (Ooi and Casimero 2004). Weed resistance 
can also occur through the continuous application of 
the same type of herbicides (Gunsolus 1993). It is 
more benefi cial if herbicides can be integrated with 
cultural methods to provide longer-term weed control, 
to prevent or mitigate the negative impact of herbicides 
to the environment and provide cost-effective weed 
management in wet direct-seeded rice. 

Cultural management practices like good land 
preparation should provide a weed-free fi eld to al-
low optimal early rice growth (Ampong-Nyarko and 
De Datta 1991). Good water management increased 
gradually up to 5 cm inhibits most weed growth. Pre-
vious studies found that rice grown at medium soil 
type with water maintenance at nearly saturated soil 
condition and weeds controlled by herbicide consumed 
45% less water without yield loss compared with the 
continuous application of 3–5 cm water (Tabbal et al. 
1992) indicating the potential of intermittent irriga-
tion as an alternative water management scheme for 
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direct-seeded rice. These two cultural practices when 
combined with chemical control can be better options 
for farmers to manage weeds in direct-seeded rice.

This study was conducted to determine the effects 
of water management and land preparation in combina-
tion with herbicides on the population and control of 
weeds. It also aimed to determine the best combination 
of cultural management practices and herbicides that 
effi ciently control weeds in wet direct-seeded rice.

MATERIALS AND METHODS
All management practices followed the standard cul-
ture of wet direct-seeded rice except for the modifi ed 
water management (dry season) and land prepara-
tion (wet season) as well as the herbicide treatments 
imposed on the experiment. The fertiliser rate was 
90–60–60 kg (Nitrogen, Phosphorus, and Potassium) 
NPK ha-1 applied as follows: 30 kg NPK at 15 DAS, 
30 kg NPK at 30 DAS, and 30 kg N at 50 DAS. The 
experiment was laid out as a split plot design with four 
replications and six herbicide treatments. 

Water management   During the dry season (DS) 
of 2001 and 2002, water management (continuous 
fl ooding and intermittent irrigation) was the main 
plot. Continuous fl ooding (CW) at 3–5 cm water level 
was applied starting from seven DAS until two weeks 
before harvest. Intermittent irrigation (IW) was done 
with the introduction of 3–5 cm water level at 7 DAS 
and water was then allowed to naturally go down (for 
about two weeks). The soil was left saturated before the 
reintroduction of water at 3–5 cm depth. This scheme of 
water withdrawal and re-irrigation was maintained until 
the maximum tillering stage after which continuous 
fl ooding was done until two weeks before harvest.

Tillage practice   In the wet season (WS) 2001, the 
main plot was land preparation. Good land preparation 
(GLP) started at three weeks before seeding. The fi eld 
was irrigated to soften the soil 3–7 days before plough-
ing. Ploughing was done to incorporate weeds and rice 
stubble and then irrigated again to hasten decomposi-
tion. After three days, the fi eld was harrowed and the 
second harrowing was done 5–7 days later to allow the 
weeds and rice straw to decompose, and then the fi nal 
harrowing was done. Land levelling was done a day 
before seeding. The poor land preparation (PLP) was 
done 5–7 days before seeding. The fi eld was irrigated 
to soften the soil and only one ploughing and one har-
rowing was done to incorporate rice stubble and weeds. 
Land levelling was done a day before seeding.

Herbicides   The subplots had six herbicide treatments 
including the weed control action indicator (WCAI). 

The following herbicides were applied: T1 – control; 
T2 – pretilachlor (1.0 L ha-1) at 3 DAS; T3 – bispyri-
bac sodium (300 mL ha-1) at 10 DAS; T4 – cyhalofop 
(1.0 L ha-1) at 10 DAS; T5 – safened butachlor (1.0 
L ha-1) at 3 DAS; and T6 – pretilachlor (1.0 L ha-1) 
and WCAI. WCAI is the visual assessment of weed 
cover (WC) and relative weed height (RWH) in rela-
tion to rice plant height to determine post-emergence 
herbicide application or hand weeding. Control action 
was done at 15 DAS when RWH was 20% and WC 
was >5%. At 30 or 45 DAS weed control action was 
done if RWH and WC were greater by at most 30% 
and 5%, respectively. 

The kinds of weed species and densities were 
determined through two quadrat samplings (0.5 m × 
0.5 m) in each plot. The weed species with roots were 
hand-pulled from the soil and these were identifi ed, 
sorted and counted, and weighed (fresh weight). In each 
cropping season, two sampling periods were observed 
at 30 and 45 DAS. Yield and yield parameters were 
taken from the inner 2 × 3 m in each plot. All pertinent 
data were analysed using IRRISTAT version 3.1. 

RESULTS
Weed population   In DS 2001, grasses accounted 
for 70.5% (three species), sedges 17.1% (two spe-
cies), and broadleaves 12.4% (fi ve species) of the 
total weed population (data not shown). During the 
WS, the distribution of weeds by class was similar. 
During the DS 2002, the broadleaves comprised 72% 
of the total weed population followed by the sedges 
at 18%, and the grasses, accounting for 10%. The 
weeds found to be associated with wet direct-seeded 
rice were Echinochloa crus-galli P.Beauv., E. colona 
Link, L. chinensis, Fimbristylis milieaca Vahl, Sphe-
noclea zeylanica Gaertn. and Ludwigia octovalvis 
(Jacq.) Raven.

Herbicide × water management effects on weed 
growth   In DS 2001, the application of bispyribac 
sodium in the intermittent irrigation had the highest 
weed density dominated by L. chinensis (Figure 1) 
compared with the continuously fl ooded fi eld and the 
herbicide other treatments. Pretilachlor and cyhalofop 
had the lowest weed density in both water management 
schemes. No post-emergence or follow-up herbicide 
application was done because of the low percentage 
in the RWH and WC.

In DS 2002, bispyribac sodium had the highest 
weed density among the treatments in both water 
management schemes at 45 DAS. Cyhalofop, safened 
butachlor and safened pretilachlor + WCAI provided 
good control of weeds in both water management 
schemes at 45 DAS.
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Herbicide × tillage effects on weed growth   During 
the WS 2001, there were more broadleaves (79.8%) 
and sedges (17.8%) than grasses (2.4%) and weed 
populations increased because of the more favourable 
wet environment (Figure 2a). The poorly prepared fi eld 
had a higher weed density at 45 DAS than the well 
prepared fi eld (Figure 2b). Safened butachlor applied 
at 3 DAS effectively controlled weeds in both land 
preparation schemes. All herbicides tested when com-
bined with good land preparation effectively controlled 
weeds and provided a season-long control of weeds. 
The WCAI assessment at the poorly prepared fi eld 
during the WS gave a higher percentage of the RWH 
and WC prompting a follow-up herbicide application 
of MCPA at 30 DAS.

Grain yield   The average yield in all treatments in 
both water management schemes ranged from 4.5 to 
6.3 t ha-1 in two years (Figure 3). Comparable yields 
were obtained in both water management schemes ex-
cept in plots applied with 1.0 L ha-1 pretilachlor at 3 
DAS where the intermittent irrigation had signifi cantly 
lowered yield. Yields obtained in well prepared fi elds 
were signifi cantly higher in the control, bispyribac so-
dium and with the application of safened butachlor. 

Economic analysis   Table 1 shows the net profi t 
and percent increase in income derived when till-
age practice or water management is combined with 
herbicides to manage weeds in wet direct-seeded 
rice. In the poor land preparation scheme, the profi t 
advantage of the herbicide treatments over the control 
(no herbicide application) is high, an indication of the 
necessity of herbicides to control weeds and obtain 
good yields. Safened pretilachlor (1 L ha-1) + WCAI 
showed the highest net advantage (88%) compared 
to the control. 

Figure 1.   Weed density (number of weeds 0.50 m-2) 
at 45 DAS in 2001 (a) and 2002 (b) with C (w1) as 
continuously irrigated fi eld and I (w2) with intermit-
tent irrigation. T1 – control; T2 – safened pretilachlor 
(1.0 L ha-1) at 3 DAS;T3 – bispyribac sodium (300 
mL ha -1) at 10 DAS; T4 – cyhalofop (1.0 L ha-1) at 10 
DAS; T5 – safened butachlor (1.0 L ha-1) at 3 DAS; 
and T6 – safened pretilachlor (1.0 L ha-1) and WCAI. 
Each column is a mean of four replicates.

Figure 2.   Distribution of weeds by class (a) and weed 
density (number of weeds 0.50 m-2) (b) as affected by 
tillage and herbicide treatments. 

Figure 3.   Grain yield (t ha-1) obtained in wet direct-
seeded rice as affected by herbicide × tillage practice 
(a) and herbicide × water management scheme (b). 
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Good land preparation increased the yield of 
direct-seeded rice by about 1 t ha-1 (data not shown). 
However, lower profi t advantage over the control (no 
herbicide application) was obtained as there was a 
minimal difference between the yield of the herbicide 
treated plots compared to that of the control.

The safened butachlor and safened pretilachlor + 
WCAI combined with intermittent irrigation obtained 
the highest net profi t over the control at 98% and 83%, 
respectively. The safened pretilachlor + WCAI com-
bined with continuous irrigation also obtained high net 
profi t (47%) but was lower than intermittent irrigation. 
Higher production costs in the continuously fl ooded 
fi eld were obtained because of the need to irrigate and 
maintain water level. In contrast, the intermittent ir-
rigation resulted in a 50% saving in the labour cost for 
irrigation because of reduced irrigation frequency. 

DISCUSSION
The combination of good land preparation or water 
management and herbicide effectively controlled 
weeds providing season-long control of weeds in wet 
direct-seeded rice. Good land preparation combined 
with herbicides provided for optimal growth of the 
rice crop and iminimised follow-up herbicide spray-
ing based on WCAI. Preparing the land thoroughly 
over a period of 3–4 weeks allowed for decomposition 
of weeds and weed seeds, signifi cantly contributing 
to the reduction of the weed population. Therefore, 
good land preparation can in itself provide good weed 
control. When done in combination with herbicides, it 
provides season-long control of weeds. This reduced 

the cost of herbicide application compared with the 
poorly prepared fi eld. Continuous fl ooding up to 5 
cm effectively controlled weeds. Intermittent irrigation 
also provided good control of weeds but the timing 
of water withdrawal and re-introduction is critical. 
Yield was not reduced when intermittent irrigation 
was combined with herbicide to manage weeds in wet 
direct-seeded rice. Good land preparation combined 
with safened pretilachlor showed higher net income 
compared to other herbicides. With poor land prepa-
ration, herbicide application is a necessity to obtain 
higher yield and profi t. Higher income was obtained 
with the combination of intermittent irrigation and 
herbicide application + WCAI primarily because of 
less cost in irrigation and higher yields.
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Table 1.   Percentage increase in net profi t as affected 
by water management or tillage practice × herbicide 
(PLP poor land preparation; GLP good land prepa-
ration; IW intermittent irrigation; CW continuous 
irrigation).

Treatment 

Tillage practice profi t 
(Php)

Water management 
profi t (Php)

PLP GLP IW CW

Control

Pretilachlor 36 4.5 65 16

Bispyribac 71 (0.7) 19 38

Cyhalofop 75 (0.7) 40 31

Butachlor 58 2.7 98 27

Pretilachlor + 
WCAI

88 20 83 47




