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INTRODUCTION

The maize-based system in the Philippines involves about
1.5 million farmers in an area of about 3.72 million hectares in
1989. From 4.43 million tons in 1988, the Philippines barely
increased its total production for maize in 1989 (4.52 million
tons or an average of about 1.2 tons/hal. As a consequence, the
Philippine government had to import about .33 million tons
of maize from Thailand and the US in 1989 (Daly et aI,
1990).

Mindanao has half of the country's maize area with South and
Central Mindanao as the principal producers, having 21% and 16%
share of the total maize areas, respectively (Manalaysay et aI,
1987). Rapid population growth, however, compells agricultural
researchers to focus on higher yields to meet food demands
through the adoption of a science-based system of agriculture
(CI MMYT, 1990 ) .

Weeds are the major problem directly affecting maize
yields in Mindanao. Rottboella cochinchinensis infested 75% of
the maize areas surveyed in 1980 (Pamplona, 1980) and has become
more widespread in the 1980s. This weed is so competitive that
in Bukidnon (a province in Central Mindanao), even with adequate
early season control (by handweeding or with herbicides), Rottb
oellia tillers profusely and provided ample seed supply for the
next season (Fisher, et al. 1981), Rottboellia left in the
maize rows after animal cultivation incurs an average yield loss
of 33% and ensures a good supply of weed seeds (Pamplona and
Imlan, 1977).

Owing to the significance of weeds in reducing maize yields,
and as one of the major problems identified by the farmers, the
On-farm Research and Outreach (OFRO) program on maize in
Southern Mindanao has further pursued the development and test
ing weed control strategies.

The On-Farm Research and Outreach Program in Southern Minda
nao, the former On-Farm Research Project of the University of
Southern Mindanao Agricultural Research Center (USMARC) is a
joint program of the University of Southern Mindanao (USM) and
the Department of Agriculture and in close collaboration with
CIMMYT and the Institute of Plant Breeding (IPB) of the Univer
sity of the Phillipines at Los Banos (UPLB). The program was
first implemented in the Sultan Kudarat, Region XII ( a southern
province of Mindanao); and moved to North Cotabato, Region XII
(another province in Central Mindanao) in 1988; and in the same
year was expanded to Antipas, North Cotabato, and Davao del Sur
and South Cotabato, both of Region XI (Southern Mindanao)
(Figure 1). The program adopts the interdisciplinary, problem
solving, systems approach of finding solutions to farmers'
problems. Five phases, namely: diagnosis, research planning and
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design, experimentation, assessment and dissemination are under
taken with the participation of the small farmers.

This paper seeks to present an analysis of the persistent
weed problem in the maize-based systems of Southern Philippines;
highlight research accomplishments of the OFRO; and evaluate and
impart experiences in bringing about a successful merger of
research and extension in the farm community to solve the weed
problem.

SITE DESCRIPTION

The first project site of the OFRO in Sultan Kudarat
is in the municipality of Bagumbayan. It is one of the major
maize producing municipalities of the province with more or
less evenly distributed rainfall throughout the year, sandy loam
soils and a dominantly maize-maize-fallow cropping pattern.
The dominant weed found in the area is Rottboella cochinchinen
sis or "Aguingay".

Weed control practices in Bagumbayan normally include land
preparation (2 plowings with about one week interval), one hand
weeding at 25 days after planting (DAP) and cultivation (off
barring or plowing soil away from the plants at 10 -15 OAP, and
hilling-up at 25-30 OAP). Bagumbayan is about 30 km away from
the nearest inputs market via a bumpy dirt road with few trans
port facilities.

The present OFRO site is in Carmen, also one of the major
maize producing municipality in North Cotabato. It has an area
of about 68,000 hectares with about 20,000 hectares planted to
maize in its rolling and hilly areas which are mostly newly
opened. It has clay to clay loam soils and a dominantly
maize-maize-fallow or maize-cotton-fallow cropping pattern. The
rainfall distribution is also evenly distributed throughout the
year. As in Bagumbayan, the dominant weed found in Carmen is
Rottboella cochinchinensis.

Generally, 'the farmers' practice include 2 plowings, 2 hand
weedings (15-20 DAP and 25 to 30 OAP), off-barring (done at 14
16 DAP using an animal-drawn moldboard plow, 2 passes between
rows) and hilling-up ( about a month after planting using a
double-bladed plow locally called "pakpakan", single pass be
tween rows). Apparently, famers have more weeding than in Bagum
bayan because only a few have rice farms which compete with
maize during peak weeding period. All these activities are
performed mainly by household members.
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DIAGNOSIS OF THE WEED PROBLEM IN
SOUTHERN PHILIPPINES

Causes of the weed problem and system interactions were
identified through the diagnostic surveys undertaken in Bagum
bayan, Sultan Kudarat and Carmen, Cotabato are similar except
for a few distinctions (Figures 2 & 3). A major cause is a
chronic high density of weeds and reproduction of weed seeds
which is a result of inadequate control measures in earlier crop
cycles and the weedy fallow periods.

Farmers generally do not invest in "continuous weeding"
(frequent weeding as needed) because of the negative returns
in the near-term, despite the potential for large benefits in
the long term. Others do not do it because of lack of capital
to hire weeders and seasonal labor scarcity. Labor is scarce
because of:

a) In Bagumbayan, many maize farmers also plant rice.
Handweeding of maize then often conflicts with rice
operations;

b) Late season spot weeding of early-planted maize often
conflicts with normal weeding operations of later
planted fields

c) Tenants (in Bagumbayan) and most small operators in
Carmen often prefer to use family labor for off-farm
work. Land tenure seems to influence the severity of
weed problem in Bagumbayan (but not in Carmen) where
owners tend to give more weedy fields to tenants. Many
small farmers are attracted by peak-season wage rates
to work in other farms to augment their income; and

d) Labor scarcity and heavy rainfall inhibit intensive
handweeding and cause delays in weeding operations and
animal cultivations. Heavy rains similarly cause
problems in land preparations, resulting in weedy
fields "at planting time.

Given the key role of labor scarcity, the labor intensive
ness of handweeding (not to mention the physical discomfort in
weeding Rottboellia), the lack of capital to hire more weeders,
seasonal labor shortages, and continued deposit of weed seed, it
was decided that research on weed control initially focused on
the use of herbicides. This would allow farmers to break the
cycle of weed seed production and provide efficient weed control
during the critical period of plant growth.
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USE OF HERBICIDES-EXPERIMENTAL RESPONSE AND PROFITABILITY

Chemical Weed Control

Weed control experiments were conducted first in Bagumbayan
across five cycles (1984 wet season to 1986 dry season). Weed
control trials were established in several locations/cycle
arranged in RCBD, with four replications. Farmers' practice
served as base treatment. Rates of Atrazine and Pendimethalin
were modified each cycle based on previous results (Table 1).
The trials were basically research managed with routine partici
pation of the farmer cooperators, i.e. tillage, cultivation and
weeding activities.

Similar activities were undertaken in Carmen for two cycles
in 1988. Modifications in the second cycle included the applica
tion ofGlyphosate (0.41 kg/ha a.i.) as post-emergence directed
spray at 60 days after planting (DAP) in addition to low rates
of Atrazine and Pendimethalin (0.75 + 0.31 kg/ha a.i.).

In Bagumbayan, "medium doses" of herbicide (Atrazine and
Pendimethalin at 1.5 + 0.62 kg ai/hal reduced weed counts and
increased maize yields in all dry season plantings (Oliva, et
al. 1986). Fisher, et al (1981) also found that Atrazine and
Pendimethalin at 1.2 + 1.5 kg/ha plus hilling-up, banded or
broadcasted performed as well as the handweeded check (handweed
ing four times). Herbicide effects were not as apparent during
rainy seasons probably because of chemical wash outs by heavy
rainfall, agravated further by sandy loam soils of the area.
In four out of five cycles, the "medium dose" was found most
profitable for both tenants and owner-operators (aee Table 1).

Similar results were obtained in Carmen, despite the dif
ference in soil types (heavy clay loam). Cost of weed control
was further reduced and yields increased by applying only 0.75 +
0.31 kg/ha ai of Atrazine and Pendimethalin plus a directed
spray of glyphosate (0.41 kg/ha ail at 60 DAP (Table 1).

Paired comparisons show that on the average, the herbicide
treatment increased yields by over 700 kg/ha compared to the
farmers practice, representing 24% increase in yields. A rate
of return on investment of almost 1000% was earned (maize and
input prices from 1986B). The sensitivity analysis shows that
the herbicide treatment remained profitable even with a reduc
tion in maize field price to Pl.S0/kg or a 50% increase in
herbicide (Table 2).
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Despite favorable results in both study areas, adoption of
the technology was slow. The few herbicide users (on maize) in
Mindanao are big farmers who represent a different recommenda
tion domain. A follow-up survey revealed important limiting
factors.

Non-users (majority of the maize farmers) perceived the
technology as complex in the sense that farmers are not
familiar with the chemicals and do not know how to mix the
chemicals, calibrate the sprayer, when to spray and how to
spray. The learning process of the technology may be considered
costly because they still need to learn through training and
perhaps would take them some time to master the process of using
the technology. Cash-deficient farmers utilizing non-cash labor
for hand weeding (i.e., family and exchange) are less likely to
buy herbicides. The need for spraying equipment entails addi
tional cash investment. Moreover, water sources for mixing
herbicides are not available in most upland fields.

Assessing project performance and recognizing the foregoing
limitations and farmers' feedback and reaction to the technolo
gy options tested, researchers, in consultation with the farmers
in the project areas, devised further experiments to test other
possible options on weed control. Simultaneously, research
objectives were streamlined to gradually shift from short-term
problems to long-term issues affecting sustainable adoption and
productivity of recommended technologies.

Zero Tillage

Zero tillage demonstration trials were conducted to address
long-term sustainability issues e.g. excessive soil erosion in
rolling fields, possible insertion of a third crop (preferably
a legume) in the dry months by shortening turn-around time and
as a possible option for farmers without draft animals (farmer
who just returned to their farms which was abandoned for several
years due to a peace and order problem).

The trials were simultaneously established in Carmen and
other expansion areas of the on-farm research (Antipas
and Tantangan, South Cotabato). Treatment progressions of one
long-term experiment are shown in Table 3. Post-emergence
herbicide, glufosinate ammonium, was applied one week
before planting. Slashing/handweeding was done generally
twice within the growing season. Planting with dibble sticks
was difficult and laborious especially with Carmen soil tex
ture (clay to clay loam). Farmers suggested that fields be
planted in furrows instead of dibbled.

Glufosinate ammonium,
ai each was found most
lia cochinchinensis and
plots.

pendimethalin and atrazine at 1 kg/ha
effective in controlling Rottboel
Imperata cylindrica in zero-tilled
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This treatment produced 4251 kg/ha corn but is not economically
feasible (herbicide cost alone amounted to P3000/ha in
1988) (OFRO, 1989).

Herbicide rates were reduced in the succeeding croppings.
Sufficient weed control in the first crop showed a good
carry-over effect in the second crop as indicated by an average
yield increase of almost 2 t/ha for all treatments
(Table 4). Thereafter, productivity started to decline. One
apparent cause was the insufficient weed control provided by
the low dose of herbicides. There might be other confounding
factors (e.g. soil-related) which are not yet diagnosed.

Over time, Rottboellia was gradually replaced with Commelina
diffusa (Table 5 and Figure 5). The chemical treatments
were generally effective only until 30-40 DAP (15-20 DAP for
low rates). Thus, generally 2 slashings/underbrushings were
done to complement the chemical control. Low rates of
glufosinate ammonium and glyphosate had minor effect on
Commelina which showed recovery as early as 10 DAP, contribut
ing to its proliferation. In effect, seedlings of corn and
legume intercrops (tested in later cycles) had difficulty in
emerging through the dense weed cover. Researchers
reverted to herbicides, now experimenting with 2,4-D for Comme
lina control.

In another set of experiments, application of glyphosate at
60 or 90 DAP would only be for rat control and cleaner area to
ease harvesting for the present crop. Killing mature weeds would
effectively reduce weed seed deposit, thus increase the effi
ciency and reduce the costs of weed control for the next crop
(OFRO, 1990).

Non-chemical Weed Control

Intercropping 'corn with legumes for weed control has long
been applied in developed countries (The Furrow, 1980). Utiliz
ing grain and vegetable legumes which are sporadically planted
by farmers in the locality provides potential alternatives.

Legume intercroppping was conducted under zero tillage
starting in the 1989 wet season. Each plot had six rows of
maize at normal density, 5m long, and five rows of beans in
between corn rows. Glyphosate at 0.41 kg ai/ha was sprayed two
weeks before planting. Beans were planted at 3-4 seeds/hill at
30 cm between hills. Intercropped plots were handweeded twice
and the monocrop thrice. A similar trial using mung and cowpea
was conducted for the fourth and fifth cycles of continuo~sly

cropped demonstration plots (Table 3).
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In Rottboellia infested zero tilled location, red beans
controlled almost 50% of the weeds at 40 DAP while monocrop
maize had the most weed cover. Red beans, tiger beans and
cowpea were relatively shade tolerant. Mungbean was least
tolerant to shading, had the lowest yield and offered the
poorest weed control among the legumes tested (aFRO, 1990).
The legumes senesced after last harvest (65 DAP), allowing
late weed growth until harvest. A study by Fisher et aI,
(1981) on corn-mung intercropping in Bukidnon province also
revealed that legume intercropping gave good initial weed
suppression but encourage "explosive" weed growth after the
opening of canopy when legumes are harvested.

Partial budget analysis showed that intercropping in
zero-tilled conditions was cheaper than monocropping because
of reduced weeding operations. Maize intercropped with red
beans, tiger beans and cowpea turned in good profits (aFRO,
1990).

High density planting

It was observed in farmers' fields that while weeding was
done twice, the high density planting (about 63,000 to
65,000 plants/hal of hybrids substantially curtailed the growth
of weeds (through shading) at 30 DAP. This may be the reason
why fields planted to hybrids had less weeds than tho$e plant
ed to Tiniguib (local variety planted at about 30,000 to 45,000
plants/hal. On the other hand, high planting density for
the recommendedimproved open pollinated varieties had con
trolled the weeds but somewhat affected its yield performance
(about 10 to 20 percent reduction). The double-row planting
of OPVs with legume intercrop, a modification of the inter
row planting of maize with legume practiced by muslim farm
ers, showed some potential for weed control although the
legume intercrops were overshaded and were unproductive.

Training Component

The need for intensive training on chemical weed control
was acutely felt. Training. was therefore, conducted for
the researchers and extension workers of the Department
of Agriculture (DA) who are involved in outreach activities.
The final stage of extrapolating and disseminating technolo
gy to more farmers rests heavily on them. Training provides a
common ground and strong foundation for pursuing and attaining
program objectives.

Training for farmers was likewise conducted to gradually
overcome the technical know-how and skill limitations.
In effect, a closer working relationship was fostered.
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Assessment

The degree of success of OFRO on the whole is high. Some
indicators are: th~ rapid adoption of improved varieties and
learning of seed production technologies; proper fertilizer
practices, construction of solar dryers; active research collab
oration with the DA; and other socio-economic benefits. Howev
er, when it comes to adoption of chemical weed control, there is
still a wide gap.

Complexity of the technology and lack of knowledge and
skills are the foremost constraints. On the other hand, there
are farmers with the knowledge and resources who still hold
steadfastly to traditional methods because they are risk averse.

Herbicide application in zero tillage technology is neces
sary. Otherwise, weeding operations would be more labor
intensive. The need for chemicals, or otherwise intensive
weedings, conflicts with the condition of cash-deficiency. In
addition, farmers dislike the idea of planting maize in a no
till field (with heavy soil) using dibble sticks. Unless a cost
efficient weed management strategy is presented and an efficient
zero tillage planter made available, the prospect of zero till
age technology adoption remains slim.

We feel that practicing zero tillage after a conventionally
tilled first season crop offers more positive system interac
tions i.e., shortening turn-around time, maximizing utilization
of scarce rainfall in the second season, reducing land prepara
tion cost for the second crop, and alleviating planting diffi
culty. This option may be more attractive.

Hybrids with high density planting have less weed competi
tion due to shading. Meanwhile, interseeding or intercropping of
legumes for improved open pollinated varieties apparently showed
better potential than planting at higher densities like the
hybrids.

The Role of the Farmers

The role of farmers in the OFRO project have somewhat
changed as the project progressed and as the researchers have
gained more experience in executing the different activities of
OFRO.

Initially, the farmers were consulted about their problems,
constraints and circumstances during the exploratory survey.
They were likewise considered as providers of their land and
labor for the trials and as recipients of free seeds and
inputs. As such, they were not able to participate in the delib
eration of research



9

results and were not very active in providing feedback to
the researchers nor participatinginthe planning of the experi
ments. Apparently, the researchers were unable to derive ade
quate information to clearly define the problems and constraints
of the farmers. The fact that one of the cooperators harvested
the crop even before the researchers could collect their data
was a clear indication that the farmers did not understand what
the research was all about.

Realizing the weaknesses of their first attempt in OFR, the
researchers sought to improve their system. Junior researchers
were required to reside in the area. More frequent visits of
the senior researchers were likewise undertaken. With these
arrangements, the researchers are able to interact with the
farmers more often. Moreover, they encouraged greater
participation of the farmers in all the activities of the OFR.
At the new sites (Carmen, Antipas and Malungon), the OFRO
project constructed stations which are used as training center
sand as residence for their full-time researchers. This enabled
the researchers to interface with the people in the community.
The presence of the station as well as the researchers in the
community consequently fostered better understanding and pro
moted camraderie among the researchers and the people in the
community.

The setting up of trials became more of a cooperative
undertaking which harnessed the Filipino culture called "bayan
ihan" , i.e. utilizing exchange labor in accomplishing some
farm operations. The cooperator, some out-of-school youths and
farmers helped in lay-outing the plots, planting, fertilizing
and spraying of herbicides. This cooperative undertaking also
enabled the researchers to plant all the trials on time without
hiring additional labor.

During field days or harvest festivals, the farmers consid
ered their community as host. The women prepared the food,
served and cleaned the place. The men, on the other hand,
prepared the demonstration areas, help put tags, prepare pro
grams and others. During the affair, they helped the researchers
monitor the activities, judged. in contests, and also participat
ed during an open forum.

In assessing the technology options tried, the farmers
(cooperators and non-cooperators who had access to the trials)
participated in evaluating the research. They likewise shared
some insights to improve some treatments. For instance, in zero
tillage, they found dibbling very inconvenient and laborious.
Instead, they suggested to furrow before planting. Moreover, the
non-chemical weed control options were proposed by farmers.
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RECOMMENDATION

1. The use of Atrazine and Pendimethalin at 1.5 + 0.62 kg/ha
ai. split-applied at planting and after hilling-up is the
most profitable option to replace labor-intensive handweed
ings and to reduce animal cultivations.

2. In the long-term, combination of chemical weed control
with other methods like reduced chemical rates plus slash
ing or handweeding, use of legume intercrops when the weed
population has become relatively sparse, or late applica
tion of glyphosate are potential alternatives (post
emergence directed spray at 60 or 90 DAP).

3. There is no fixed herbicide recommendation/weed control
method. It has to change over time as the weed flora
changes.

4. High planting densities for hybrids substantially reduced
weed population without substantial yield reduction but
apparently not for the approved open pollinated varieties
tested. The effect of high density planting needs to be
further verified for other improved OPVs.

LESSONS LEARNED

* Developing weed management strategies for maize entails a lot
of work both in the experimentation and dissemination process.
The resulting technology is often complex. Researchers cannot
expect rapid technology adoption despite substantial evidence
of profitability potential of the recommended weed control
management strategies.

* OFRO recognizes the inherent difficulty in generating technol
ogies for resource-poor and marginal communities. Weed control
researchers often have to compromise optimum chemical effectivi
ty with costs. Hence, the need for combining/complementing
several approaches in weed control.

* Farmer training is indispensable when introducing chemical
weed control into the system. Thorough knowledge serves as a
safety measure against dysfunctional consequences.

* OFRO provides a linking bond for a functional collaboration
among researchers, extension workers and farmers. OFRO re
searchers have to act as "ambassador of goodwill" who initiate
and maintain such relationships.

* Fostering greater farmers' participation in OFR enhances
technology development and adoption.
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September-December 1988
January-April 1989
May-ALlgust 1989
September 1989-January 1990
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Table 4. /iE?ld (t/ha) of corn in resp,~nse t,~

treatments in continuQusly- cropped,
plots, Carmen, Cot2batc, Philippines.

wee,j control
zero-·ti 11 ed

=================================================================
TREATt'lE"i'~T

·1 ,0"

J. i

1
1988A

C y C L E-, .,.
" e-.::.. ..;., ... .-1

1 ';'888 1989A 1,':;'89B 198C'iC

1 " OS 6. 08 ~ 61
.,. 68 1 00"'t. 0_' • ...;.. .

-, " 07 <::' 30-l( 70 -:: 05* • 1:,;- ,.•••
.,::, .... -..!. .;.;., . ,_1. J. " .-1.::-

3 " ~c.- 6. 40 4. 68 2. 22* 1
, ..,.

"'t. ':'..J . ,;:) i

==================================================================
1/ See Table 3 for treatments

* Lesser number of plants harvested due to seedling damaged by
chi ,=k!~n.

Cycle 1 - Apt-i l-ALlgust 1988
Cycle ~ - September 1988-December 1.989.::..

Cycle ~ - J anLlary-Apr i 1 1989'-'
Cycle 4 May-August 1989
Cycle 5 - September 1989-JanLlary 1990

Ta.ble Weed cover (I.) in continuously cropped
plots, Carmen, Cotabato, Philippines
season to 1989 wet season 1/

zero-tilled
1 C7'88 wet

=======================================================~=========

WEED SPECIES
CYCLE 1

LOC 1 LOC 2
CYCLE 3

LOC 1 LOC 2
CYCLE 5

LOC 1 LOC 2

eg~[.~t!:!!!! §e
2/

others

10

90

95

5

30 40 25

20 5 20

20 40 20

15 5 25

15 5 10

10

85

5
================================================================
1/ Visual observations recorded at the onset of each cycle.

2/ Include minor species of ~~ QlitQ(i~§, s~ iOgi~~, ~~ Q~~t~lQO,

I~ t(ilQQ~, - ~~ (Qt!:!QQ!:!§·



Table c. A/erage production by variety by frequency of weeding
and by fertilizer level, wet seaso~1 Carmen, 1989.*

=========~=======================================================

VARIEri'
4/ FEJ=;:TILIZEP

LEVEL
FREQUENCY OF WEEDING

ONCE TW:CE THRICE OR MORE

OF'\l

Hytwi d

< I
.L /

'":'/
~I

!1edi LIm

3/
High

1/
LOl-J

2/
Medi WTf

3/
High

1/
Low

2/
Medium

3/
High

.74

1.32

1. 72

3.00

3.10

3.71

ton / hi:<. •

1.83

1. 49

2.47

3.33

1.40

3. 11

3.65

1. 44

2.46

2.73

4.05

1. 75

3.10

4.18
================================================================
1/

Zero to 50-10-0 kg NPK/ha
2./

60-20-0 to 75-25-0 kg NPK/ha
.,.. I..:.. {

80-30-0 and up kg NPK/ha
4/

Average planting density:
Local - 30,000 to 45,000 plants/ha
OPV - 45,000 to 55,000 plants/ha
Hybrid - 55,000 to 65,000 plant~/ha

*Source: 1990 OFRO follow-up survey.



Figure 2. Causes of the weed problem.
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Figure 3. Problem-Cause Diagram for Weed Problem and Delayed Planting
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