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Summary   An on-farm trial following a participa-
tory and community-based approach was conducted 
in four villages in Nueva Ecija and Iloilo provinces, 
Philippines to adapt an integrated weed management 
strategy (IWM) for wet direct-seeded rice. The treat-
ments imposed were T1 = tillage, intermittent water 
management and minimal herbicide usage (IWM) and 
T2 = farmers’ practice (FP). Results of the 2005 wet 
and dry season trials indicate that IWM effectively 
controlled weeds as indicated by the significant reduc-
tion in weed dry weight across all four sites compared 
to FP. Rice grain yield also significantly increased 
in Iloilo with IWM compared to FP. Net returns 
increased ranging from 9% to 54% across all sites in 
the two seasons of implementation. Farmers located 
in Aliaga and Barotac Nuevo had difficulty following 
the prescribed three-week period of land preparation 
because of water constraint. Adaptation is being done 
with farmers to develop a shorter land preparation time 
combined with intermittent irrigation and minimal 
herbicide application without reducing weed control 
efficacy and yield of rice.

Keywords    Participatory adaptation,  integrated 
weed management,  wet direct-seeded  rice.

INTRODUCTION
Direct seeding as a method of rice establishment is 
becoming very popular in the Philippines. Coupled 
with the shift towards direct seeding is a bigger 
problem with weeds. With more herbicides available 
in the market and the cost and labour saving benefits 
derived from herbicide application, more farmers are 
relying on herbicide application as their main method 
of weed control. Filipino farmers spray herbicides at 
least once and up to three times per season. As there 
are two crop seasons in the Philippines farmers spray 
herbicides up to a maximum of six times per year. 
This intensive and prolonged herbicide application has 
resulted in the shift of weed populations, an example of 
which is sprangle top (Leptochloa chinensis (L.) Nees) 
becoming a major weed in direct-seeded rice (Ooi 
and Casimero 2004). Recently, it was observed that 
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barnyard grass (Echinochloa crus-galli (L.) P.Beauv.) 
and (Echinochloa glabrescens Munro ex Hook.f.) 
collected in Iloilo and Nueva Ecija provinces has de-
veloped resistance to butachlor and propanil (Juliano 
2006). These alarming developments in the field make 
it imperative for the adaptation of an integrated weed 
management strategy with farmers. 

Integrated weed management (IWM) involves 
a deliberate selection, integration and implementa-
tion of cost-effective weed management strategies 
that best fits the farmer’s resources, capabilities and 
farming systems. Such strategies may be a mix of the 
cultural, mechanical and chemical methods that are 
implemented before, during and after each cropping 
season with the aim of reducing weed populations and 
preventing yield loss. Studies at the Philippine Rice 
Research Institute (PhilRice) showed that cultural 
practices like land preparation and water management 
with minimal herbicide use resulted in reduced weed 
growth and management cost without affecting rice 
yields (Casimero and Juliano 2004, Baltazar et al. 
2003). In this paper, we describe participatory research 
aimed at promoting adaptation and adoption of these 
IWM weed management practices among farmers 
faced with increasing risks of herbicide resistance 
and weed shifts.

METHODOLOGY
Prior to the setting up of the on-farm trial, a workshop 
was conducted with farmers and extension personnel 
in four villages in Nueva Ecija and Iloilo provinces to 
determine problems related to weeds and formulate a 
strategy to solve the problem with them as partners. 
The workshop resulted in the formulation of an on-
farm trial in which researchers, local agriculture exten-
sion personnel and farmers would participate to adapt 
an integrated weed management strategy in the field. 
The on-farm trial involved two treatments, integrated 
weed management (IWM) and farmer’s practice (FP). 
Coupled with the on-farm trial is a season long train-
ing, a Farmer Field School on Rice Integrated Crop 
Management (FFS), where weed management is a 
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major topic learned. The on-farm trial plots served 
as the learning field during the FFS. Field days were 
conducted to share with other farmers the results of 
the on-farm trial period. Post-season evaluation was 
done after each season to get impressions, feedback 
and suggestions of farmers to improve IWM. 

The IWM treatment involved a longer land prepa-
ration period (three weeks of land preparation that 
included one ploughing, two harrowings at one week 
intervals and land levelling one day before seeding), 
water management (irrigating the field at 8–10 days 
after seeding (DAS) and when possible, followed by 
intermittent irrigation until maximum tillering stage), 
one herbicide application (pre-emergence or early 
post-emergence) at 1–15 DAS and the use of the weed 
control action indicator (WCAI). The herbicides used 
were either safened pretilachlor applied at 1 DAS (1 
L ha-1) or butachlor + propanil applied at 6–8 DAS 
(1 L ha-1). 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 15 DAS when RWH was 20% and WC was 
>5%. At 30 or 35 DAS weed control action was done 
if RWH and WC were greater by at most 30% and 
5%, respectively.

The FP, which was a representative of the com-
mon practice of farmers in the community, involved 
one ploughing, one harrowing and levelling over a 
period of just one to two weeks. This was followed by 
pre-emergence herbicide application or early post-
emergence herbicide (1–8 DAS) application followed 
by post-emergence herbicide application (15 to 30 
DAS) or hand weeding at 30 to 45 DAS.

Ten farmer co-operators were involved in each of 
the four villages in Rizal and Aliaga, Nueva Ecija and 
Barotac Nuevo and Dingle, Iloilo provinces. Two plots 
measuring 10 × 10 m2 were constructed side by side 
in the farmers’ fields. Plot size was increased to 1000 
m2 during the second season, as suggested by farmers. 
IWM was assigned in the first plot and the second 
plot was the FP. Guided by researchers and extension 
personnel, the farmers implemented the IWM in the 
on-farm trial. Except for weed management, all other 
cultural management practices recommended for wet 
direct-seeded rice were followed. The data gathered 
included weed dry weight at 45 DAS, productive tiller 
count and grain yield. These were subjected to analy-
sis of variance test and means were separated using 
LSD test. Cost and return analysis was performed to 
determine the profitability of the two weed manage-
ment schemes.

RESULTS 
Weeds associated with direct seeded rice   A com-
plex weed population was associated with wet direct-
seeded rice in both provinces. In Nueva Ecija, five 
major weeds with the highest density namely E. crus-
galli, Sphenoclea zeylanica (L.) Nees., Ischaemum 
rugosum L., Cyperus rotundus L. and Hydrolea zey-
lanica L. were observed (data not shown). C. rotundus 
was found to be increasing in the lowlands in Aliaga 
while H. zeylanica was dominant in Rizal. In Iloilo 
province, more weed species were present but the more 
dominant species included E. crus-galli, L. chinensis, 
I rugosum, C. rotundus and Fimbristylis miliacea (L.) 
Vahl. C. rotundus has slowly adapted itself in the low-
land condition (Casimero et al. 1999), because of the 
reduced water availability in rice fields, thus increasing 
its population particularly in areas with limited water 
as in Aliaga and Barotac Nuevo. E crus-galli remained 
dominant in both seasons in all four sites.

Impact of IWM on weed dry weight   Results indi-
cated better weed control in the IWM plots as shown 
by the significantly lower weed dry weights compared 
to the FP (Table 1). Grasses had the highest dry weight 
among the weed groups across all sites in the dry sea-
son, particularly in FP. The same trend was noted in the 
wet season (data not shown). The cumulative effects 
of the combination of cultural management, reduced 
herbicide use and WCAI resulted in the season-long 
control weeds in IWM plots. The higher weed dry 
weight in FP plots indicates less efficient weed control, 
which can translate to a bigger competition between 
the weeds and rice plants. Inherently weeds are more 
competitive than rice plants. Hence the field must be 
kept weed free or with minimal weeds during the first 
40 days to avoid competition during the critical stage 
of rice growth (Casimero and Juliano 2004).

Grain yield   On the average, grain yield across sites 
increased by about 0.5 t ha-1 in IWM plots compared to 
the FP. Significantly higher grain yield was obtained in 
the IWM plots in both wet and dry seasons compared 
to the FP in Dingle, Aliaga and Barotac Nuevo (Table 
2). This result indicates the positive benefit of mini-
mising weed competition by controlling weeds early 
in the season. With minimal weed competition, plants 
can fully utilise the scarce resources in the field hence 
more productive tillers and longer panicles obtained 
per area (data not shown). In the FP plots, higher weed 
dry weights were seen at 45 DAS indicating that com-
petition could have occurred between the weed and rice 
plants at the critical stage of crop growth. 
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In IWM plots, rice grain yield increased by as 
much as 15% and 24% in Barotac Nuevo and 17% 
and 24% in Dingle during the dry and wet seasons, 
respectively. A similar trend was seen in Aliaga and 
Rizal, though the increase in grain yield was lower. 
Effective weed management is more beneficial in 
areas where there is limited water supply as the weeds 

are eliminated, hence no competition for this precious 
resource. During the wet season, ample water supply 
helps in the control of most weeds, particularly the 
grasses.

Economic returns   The cost and return analysis 
showed that more benefits accrued to the farmer 
with the implementation of IWM. Results showed 
that in IWM plots, net returns increased from 9% to 
54%, the highest being in Barotac Nuevo (Table 3). 
A slight increase was noted in the cost of production 
in Barotac Nuevo and Dingle for two seasons due to 
added costs of land preparation. However, the result-
ing increase from better weed management in IWM 
far outweighed the added cost due to the longer land 
preparation time. 

A higher increase in net returns was obtained 
in Iloilo where farmers practised direct seeding in 
both wet and dry seasons. Weed infestation is much 
higher in direct-seeded rice than in transplanted rice. 
Thus farmers benefit more from the use of IWM as 
weeds are more effectively controlled than herbicide 
use alone. 

DISCUSSION
Results of the on-farm trial showed significant reduc-
tion in weed weights resulting in higher yields and net 
returns when farmers implemented IWM. Contrary 

Table 1.   Weed dry weight at 45 DAS during the DS in 
four sites as affected by weed management practice.

Site Weed 
mgt.

Weed dry wt (g m-2)A

Grasses BL Sedges

Dingle IWM 1.42 b 1.42 a 1.74 a

FP 3.26 a 2.38 a 2.30 a

LSD 2.98 1.62 0.84

Barotac Nuevo IWM 1.42 b 1.42 b 1.42 b

FP 3.72 a 2.98 a 5.86 a

LSD 2.36 1.48 1.68

Aliaga IWM 2.68 a 1.42 a 2.04 b

FP 1.88 a 1.42 a 8.28 a

LSD 1.22 0.00 7.32

Rizal IWM 6.58 b 3.76 a 2.16 a

FP 13.84 a 3.76 a 1.42 a

LSD 7.44 1.86 1.12
A Letters in each column for each site denote significant 
differences between weed management practices. LSD (P 
= 0.05), BL = broadleaf weeds, IWM = Integrated Weed 
Management; FP = Farmer’s Practice.

Table 2.   Grain yield of rice in the four on-farm trial 
sites as affected by weed management practice.

Site Weed 
mgt.

Grain yield (t ha-1)A

DS WS

Dingle IWM 4.04 b 4.53 b

FP 3.47 a 3.83 a

LSD 0.42 0.69

Barotac Nuevo IWM 3.43 b 4.06 a

FP 2.99 a 3.26 a

LSD 0.75 0.49

Aliaga IWM 3.69 b 5.36 b

FP 3.35 a 4.99 a

LSD 0.85 1.43

Rizal IWM 6.76 a 4.37 a

FP 6.08 a 4.14 a

LSD 0.78 0.29
A Letters in each column for each site denote significant 
differences between weed management practices. LSD 
(P = 0.05) IWM = Integrated Weed Management; FP = 
Farmer’s Practice; DS = Dry season, WS = Wet season.

Table 3.   Cost and return (in US$) analysis of weed 
management practices implemented in the on-farm 
trials (average of ten farmers for each site) during 
the DS. 

Site / 
Weed 
mgt.

Gross 
income

Production 
costs

Net 
return

Increase in 
net return

(%)

Barotac Nuevo

IWM 1,404.6 848.9 555.7 54.3

FP 1,155.5 795.5 360.0

Dingle

IWM 1,783.9 769.2 1,014.7 28.8

FP 1,524.9 737.4 787.5

Aliaga

IWM 2,025.3 921.2 1,104.1 14.9

FP 1,895.5 934.4 961.3

Rizal

IWM 2,382.4 991.6 1,390.8 9.14

FP 2,268.9 994.6 1,274.3

IWM = Integrated Weed Management; FP = Farmer’s 
Practice.
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to the notion of farmers that the best method of weed 
control is herbicide use alone, they saw that integrated 
weed management is the better approach for long term 
weed management. Impressions shared during field 
days and feedbacks obtained during post-season long 
evaluation also indicated that they have adopted IWM 
on most if not all of their farms. Expansion to adjacent 
villages will be started in Iloilo and Nueva Ecija as 
farmers attending the field day have made requests to 
bring the project to their communities. The constraint 
that is faced by farmers particularly in the villages 
of Aliaga and Barotac Nuevo is the delay in release 
of irrigation water, which hampered the longer land 
preparation time needed for IWM. With this problem 
at hand, adaptation is being made to the IWM approach 
to shorten the land preparation period to two weeks 
combined with intermittent irrigation and minimal 
herbicide use. 

IWM must bring back ownership of weed manage-
ment to farmers (Ooi and Casimero 2005). Building 
upon the experience of farmers trained in IPM FFS 
our experiences showed that it is easier for farmers to 
understand the science of weeds when coupled with 
the ‘learning while doing approach’ followed in the 
participatory on-farm adaptation trial. With the FFS 
on Rice ICM, farmers learnt the other available weed 
management options and the basic weed concepts 
that enable them to make science-based decisions on 
weed management. 
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