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CHAPTER FIVE

RESULTS AND DISCUSSION

A synthesis of results from the estimation and evaluation procedures described in

the Methodology Chapter is presented in this chapter.  It begins with a discussion of the

results from the descriptive analysis of the survey data, and then proceeds with a

discussion of the results from the step-by-step evaluation of the IPM CRSP in Nueva

Ecija, Philippines.

Survey Results

This section describes the farm operations, pest management practices,

knowledge of integrated pest management, perceptions about the impacts of pesticides,

and personal characteristics of onion farmers in Nueva Ecija.  One hundred seventy-six

usable observations on 60 different variables were obtained from three major groups of

respondents: the San Jose group (comprising of onion farmers from three villages,

namely: Abar 1st, Palestina, and Sto. Tomas), the Bongabon group, and the Munoz group.

Farm Operations

The onion (Allium cepa) is a very profitable dry season crop in Nueva Ecija.

Most of the onions in the region are grown in rotation with rice, usually being

transplanted after rice sometime around November and harvested before the rains start in

May.  Land preparation and sowing start 45 days before planting, with harvesting

occurring between 100 and 125 days after planting.  Onions grow best in friable and

fertile soils (PCARRD, 1981).  The crop is most suitable to be grown in loamy soils like

that of Abar 1st, Sto. Tomas, and Munoz, or the sandy loam soils of Bongabon, but not in

heavy soils such as clay or clay loam, which is predominant in Palestina.

The yellow granex, red globe, red creole, and the shallot were the most common

onion varieties20 grown in the area.  The shallot variety was most widely grown among

the San Jose and Munoz farmers.  The tanduyong, batanes, and lasona were the most

popular shallot cultivars in San Jose and Munoz21.  In one village in San Jose--A bar 1st-

the tanduyong variety accounted for as much as 93 % of the dry season crops grown.

                                                          
20 Some of the more common brands of onion seeds planted in the region include: Kaneko, Key Stone,
Takii, Rio Colorado, Asgrow 429, and Asgrow 33.
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These native onion cultivars were grown more for domestic or regional consumption.  In

contrast, the onion varieties that the Bongabon group produced – mostly yellow granex

and red creole - were almost exclusively grown for distribution outside of the region.22

Food companies in Manila and Japan served as the biggest markets for these higher-grade

onions.  These onion varieties commanded higher prices in the market because of the size

and the quality of the bulbs.

Besides producing higher-priced onions, the size of the onion operations in

Bongabon were substantially larger compared to the other sites (Figure V.1).  The

average onion farm in Bongabon was five times bigger than the average farm size in San

Jose and Munoz.
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Figure V.1.  Average Farm Size and Onion Hectarage in San Jose, Bongabon, and
Munoz, 1997 Producer Survey

Onion production in Bongabon was considerably higher – based on the reported

average yield of 40,000 kilograms per farm or 13,000 kilograms per hectare, relative to

the 4,000 kilograms produced per farm in Munoz and San Jose (Figure V.2).

                                                                                                                                                                            
21 Cultivar - another term used for (onion) variety, that which is commonly grown for commercial
purposes.  The cultivars, evolving from a long period of cultivation, can transform into many distinct forms
adapted to specific environments and practices.
22 Marketing and distribution of onions produced by the Bongabon group was handled by the
NOGROCOMA marketing cooperative.
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 Figure V.2. Average Onion Production in San Jose, Bongabon, and Munoz; 1996-
1997 Onion Season.

As expected, the Bongabon farmers posted the highest mean values for all the

economic indicators.  This group recorded the highest income from rice and onion, as

well as from off-farm sources.  More than half of their income was generated from onion

growing.  Profits from onion on the average were almost 46,000 pesos more than the

average income from onion that farmers in San Jose and Munoz earned.  San Jose and

Munoz farmers generated more income from their rice production during the wet season.
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Figure V.3. Average Income Generated from Rice, Onion, and Off-Farm Sources in
San Jose, Bongabon, and Munoz, 1996-1997 Cropping Season

In addition, farm wages for pesticide application, harvesting, and manual weeding

were also higher by as much as 30 pesos in Bongabon compared to farm wages paid in

San Jose and Munoz (Figure V.4).
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Figure V.4.  Per Hour Farm Wages for Spraying, Handweeding, and Harvesting in
San Jose, Bongabon, and Munoz, 1996-1997 Cropping Season

Pest Management

The control of onion pests and diseases such as weeds, insects, nematodes, and

fungi is of vital concern among onion growers.  Farmers devote a considerable amount of

resources – time, money, and effort, to prevent crop damage and minimize profit losses

from pest infestation.23

Onion Pests and Diseases

Control efforts in the region are mainly targeted towards onion thrips, cutworms,

armyworms, and nematodes.  There are also a number of viral and bacterial diseases that

can seriously damage the onions such as damping-off and the pink root disease among

others.

When farmers were asked about their most problematic pests, harmful insects and

worms immediately came to mind.  Yet, in addition to insect pests, onion plants are also

very susceptible to weed competition, such that proper weed control throughout the

growing season is a necessity.  Unfortunately, this control is mainly accomplished

through herbicide treatment, which is a cheaper alternative to manual weeding.

The onion thrips (Thrips tabaci) was cited in the survey as one of the most

problematic insect pests in the region.  Although farmers consider thrips as a problematic

                                                          
23 Previous studies have pointed out that there is a tendency among (Filipino) farmers to overestimate crop
losses from pest damage that leads them to engage in unnecessary pest control activities.  This risk aversion
is partly motivated by the lack of any form of crop insurance that can buffer the economic repercussions of
crop damage.



90

pest, perhaps due to their familiarity with the pest and with the associated symptoms of

infestation, scientists at PhilRice identified nematodes as the more pressing pest problem

because of their adverse effects on onion yields.

The presence and density of thrips in the crop can be monitored by examining

sample plants, particularly by checking the necks closely and the leaves for pronounced

dashes that streak together in whitish blots.  Thrips can be controlled by washing-off the

leaves using sprinkler irrigation, or by heavy rains.  Simply maintaining large, turgid, and

well-watered onion plants is an effective strategy against thrips attack, yet based on the

survey, water treatment as a pest control method was used by only six percent of the

respondents; despite the fact that thrips were considered by some of the farmers as one of

the most prolific onion pests in the region.

Worms were another widely known onion pest among the farmer respondents.

Some of the farmers were able to specifically recognize the armyworms and cutworms.

Others were only able to describe the worms found in the fields – green, brown, black,

white, tiny, spotted, and large, were the most common descriptors mentioned.  Cutworms

are considered the sneakiest onion pests, as they usually hide under rocks, trash or in the

soil during daylight, and come out at night to attack the crops.  There are various kinds of

cutworms - mostly soft-bodied, smooth, plumb, cylindrical in shape – that grow up to one

and a half-inches long.  Their colors vary from greasy grey to brown, some marked with

lighter or darker spots or stripes, others are dark brown or almost black. Cutworms are

damaging to almost any kind of tender plant.  The wireworms - hard, shiny, six-legged,

yellow or brown wirelike worms, are another kind of pests that infest the soil and root

systems of the onion.  Injury to crops is done by destroying the seeds, cutting off small

underground stems, and tunnelling through roots, bulbs, and tubers.

Among the onion diseases, damping-off was the most commonly cited.  This

disease can wipe out a crop of onion seedlings overnight (Coonse, 1995).  Fungi in the

soil cause the initial infection but the disease is spread more rapidly when weather

conditions are cool, damp, and overcast.

Pest Control Practices

Chemical control was the primary strategy for preventing and destroying onion

pests in all of the surveyed areas.  Insecticides, herbicides, and fungicides were either
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incorporated in the soil or sprayed on the onion crops at various stages throughout the

season.  A recommended schedule for insecticide spraying is 15, 43, 57, and 73 days after

planting; that is, at most four times per cropping season.  Frequency of insecticide

application in the study sites ranged from once to as many as 36 times in one cropping

season.  The average frequency of application24 per site was 11 times in Bongabon, 4

times in Munoz, and 5 times in San Jose.

Insecticide use accounted for almost 50% of total chemical usage in all of the

three sites (56% in San Jose, 46% in Munoz, and 52% in Bongabon).  Likewise,

herbicide use was over 40% of total chemicals applied in the area.

The most widely used insecticides in the region were Brodan (Chlorpyrifos) and

Cymbush (Cypermethrin).  For herbicides, the most popular brands were Onecide

(Fluazifop-P-Butyl), Roundup (Glyphosate), and Goal (Oxyfluorfen).  Dithane

(Mancozeb) was the most commonly used fungicide.  The pesticides used in the area

were mostly liquid formulations, therefore were applied using backpack sprayers.

The amount of active ingredient applied per hectare in each of the sites is reported

in Figure 5.  As shown the Bongabon farmers on the average had the highest pesticide

application rates among the groups of respondents in the area.
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Figure V.5.  Average Amount of Pesticide Active Ingredients Applied by Farmers in
San Jose, Bongabon, and Munoz (kgs/ha), 1996-1997 Onion Season

                                                          
24 The average frequency of application was computed by taking the mean frequency of application across
all the different brand names or trade names of insecticides.



92

Expenses on pesticides accounted for fifteen percent of the respondents’ total

operating expenses.  The average cost of pesticides for the 1996-1997 onion season was

about 3,000 pesos.  By virtue of the size of their onion operations, the Bongabon group

naturally applied more pesticides and spent more on chemicals.  However, their ratio of

pesticide expenses to total operating expenses suggest that this group relied more on

chemical control to manage their onion pests, even though their pest problems were no

more severe than the two other groups of respondents (all groups reported the severity of

their pest problems as only moderate).  Pesticide cost in Bongabon was 22 % of total

costs compared to only 12 % in San Jose and Munoz (figure V.6).
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Figure V.6.  Proportion of Total Costs Spent on Pesticides among Farmers in San
Jose, Bongabon, and Munoz, 1996-1997 Onion Season

Treating seeds with nematicides and fungicides before planting was another

common chemical control measure.  Field monitoring and some form of scouting were

also used to check the types and densities of pests present.  Table V.1 shows the

proportion of farmers in each of the sites that practised each of the pest control methods

Table V.1.  Pest Control Methods Used for the Rice-Onion System in San Jose,
Bongabon, and Munoz, 1996-1997

PEST CONTROL METHODS
USED a

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Pesticide Application 100 100 100 100
Use of Treated Seeds 41 87 42 51
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Scouting/Field Monitoring 41 30 47 40

Passive Monitoring Devices 19 30 6 19
Use of Resistant Varieties 22 0 14 16
Use of Beneficial Insects 16 0 9 11
Crop Rotation 11 3 0 7
Water Treatment 2 13 8 6
a  Numbers in the table represent percentage of responses

Pest Control Decision Factors

The farmers’ main source of information about the effectiveness of pest control

strategies were other farmers (as reported by 69 % of the respondents).  Pesticide sales

agents were also influential in that  as much as 43 % of the farmers reported to get pest

control advice from this source.  Other sources of pest control information were the

Department of Agriculture technicians, farmers’ cooperatives, and IPM experts.

Table V.2.  Percentage Responses about Source of Pest Control Advice by Site

SOURCE OF PEST CONTROL
ADVICE (nos.  represent % responses)

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Another Farmer 66 63 83 69
Dept. of Agriculture-Technicians 49 13 3 33
Cooperatives 18 67 14 27
Pesticide Sales Agents 41 57 36 43
IPM Training 9 100 6 31

The respondents’ pesticide choices were determined by considering the type of

pests present, and pest densities. The price of the pesticide and consideration of its

toxicity also influenced their choices.  Some farmers followed a regimen such that their

pesticide choices and usage were fixed regardless of changing field and pest conditions,

and so other factors listed in Table V.3 did not affect their pest management decisions.

Table V.3. Percentage Responses by Decision Factor

DECISION FACTORS SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Type of Pest 91 100 92 93
Pest Density 86 100 97 91
Price of Pesticide 75 97 71 78
Toxicity of Pesticide 68 100 83 77
Follows a Pest Control Regimen 72 90 74 76
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Knowledge of IPM in the Region

The majority of the farmers in the study had no knowledge of integrated pest

management concepts.  One-third of the respondents had limited awareness about

integrated pest management.  Of the 176 farmers interviewed, only 16 % had some form

of IPM training, 12 % adopted IPM practices learned from the training, and 13 % reduced

pesticide application after the training.  Aside from IPM training courses, knowledge

about IPM concepts were derived from other farmers by word of mouth (34 %) and from

PhilRice staff (20 %).

Table V.4.  Knowledge of IPM Concepts among the Survey Groups

KNOWLEDGE OF IPM
(numbers represent % of responses)

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Heard about IPM 35 20 17 28
Considers IPM an Important Issue 33 20 17 27
Attended IPM Training 21 10 8 16
Attended Farmer Field School 17 7 8 13
Adopted IPM Practices Learned 14 10 11 12
Reduced Pesticide Use After 16 7 11 13
SOURCE OF IPM KNOWLEDGE
Other Farmers 43 0 40 34
Training/Seminars 42 60 60 49
Extension Agents 8 0 20 9
Ads:Television/Radio/Fliers 10 0 0 6
PhilRice Staff 7 20 60 20

Perceptions about the Environmental Impacts of Pesticide Use

Awareness about the hazards of pesticide use on the different impact categories

was high.  At least 75 % of the respondents believed that pesticides have an effect on

human health, fish, beneficial insects, and farm animals.  In fact, about 25 % of the

farmers reported to have experienced being sick after spraying pesticides.  They reported

to have felt the following symptoms of pesticide exposure: dizziness, nausea, chills,

stomach pain, numbness of the mouth area, skin rashes, runny nose, fatigue, head ache,

and sore eyes.  Also, one-fifth of the respondents noticed diminished fish populations and

pest resurgence after pesticide applications.
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Table V.5.  Onion Farmers’ Perceptions about Pesticide Impacts

PERCEPTIONS ABOUT PESTICIDE
IMPACTS

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVE
n=176

Do pesticides affect the following? (percentage of “yes” responses)
Human Health 87 100 94 91
Beneficial Insects 71 100 86 80
Fish and other Aquatic Species 66 97 75 74
Avian Species 38 67 66 49
Mammalian Farm Animals 71 100 81 79

Importance of Risks to: (% of "very important" responses)
Human Health 99 100 100 100
Fish and other Aquatic Species 63 73 64 65
Avian Species 36 30 39 35
Mammalian Farm Animals 77 83 78 78
Beneficial Insects 63 63 58 62

Experiences and Observations (% of responses)
Got sick from pesticide spraying 27 21 22 25
Noticed pest resurgence after spraying 24 12 22 21
Observed farm animal-poisoning 11 0 6 8
Noticed fish kills due to pesticides 27 4.2 19 21
Noticed bird kills due to pesticides 6 5 3 5

Respondents’ views or perceptions on the importance of risk avoidance varied

depending on the impact category.   Most of the farmers felt that reducing the risks of

pesticides to birds was not a very important concern, mainly because birds were

considered rice pests.  Ranking of the five impact categories according to degree of

importance was consistent across the three groups of respondents.  The following table

shows the ranking results in decreasing order of importance.

Table V.6  Order of Importance of the Five Impact Categories

CATEGORY RANK
Human Health 1
Farm Animals 2
Fish and other Aquatic Species 3
Beneficial Insects 4
Birds 5
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Farmer Characteristics

The comparison of mean values across the three groups of respondents showed no

significant differences in terms of personal or farmer characteristics.  The only marked

difference was the land tenure status of the farmers in Bongabon, where eighty percent

(80 %) were owner-operators.  In San Jose and Munoz, at least a third of the respondents

were leasing the farmlands they operated.

Only 11 percent of the respondents were females.  Because of the very limited

number of females in the sample further analysis considering gender differences can not

be explored.

The average farmer-respondent was about 46 years old, with 19 years of farming

experience, 8 years of formal education (6 years of elementary- and 2 years of high

school education), and an average of 21 hours of work on the farm per week.

Table V.7  Personal Attributes of Onion Farmers in San Jose, Bongabon, and
Munoz, 1997-1998 Producer Survey

PERSONAL ATTRIBUTES
(numbers represent mean values)

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Age (years) 45 49 45 46
Farming Experience (years) 19 22 18 19
Educational Attainment (years) 8 9 9 8
Time Spent On-Farm (hours/wk) 22 20 18 21
Tenure Status  (numbers represent % responses)

Owner-operator 55 80 61 61

Leasee 42 17 33 35

Tenant 3 3 6 4
Gender (% of Females) 7 27 8 11

Indicators of Pesticide Exposure

Several questions about the respondents’ immediate farm environment and the

precautionary measures they take against pesticide exposure were incorporated in the

survey to assess the degree of environmental risks in the area.

Surface waters in the region were at risk from pesticide runoff.  The distance of

the onion farms to surface waters ranged from as close as .5 meters to about 400 meters.

Fish and other aquatic species that abound in these surface waters - tilapia, gurame,

mudfish, catfish, snails, frogs, some shellfish and freshwater shrimp, are at risk due to
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surface runoff.  In fact, incidence of fish kills has been reported in the past. Human

ingestion of contaminated fish can not be dismissed as well.

In general, the respondents had very limited protection against pesticide exposure.

Only about one-third of the respondents wore face masks (or any substitute), long pants,

or long sleeved-shirts for protection, and very few (5 %) of them wore shoes when

applying pesticides.

Most of the farmers had wells, about 9 meters deep, as their main source of

drinking water.  To get an indication of how important it was to farmers to avoid being

sick from contaminated water, they were asked whether they boiled their water before

drinking.  This precautionary practice was however not commonplace.

Table V.8.  Indicators of Exposure

PESTICIDE EXPOSURE
(% of “yes” responses)

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

Do you boil your drinking water? 4 3 17 6
Do you wear the following?
Face Mask 22 13 95 35
Long Pants 26 10 89 35
Long Sleeved-Shirts 20 10 94 33
Shoes 3 0 17 5
Ave. Depth of Water Wells (meters) 8 11.5 8.2 9
Distance between Surface Waters and
Onion Fields (meters)

34 20 6 26

Summary of Survey Results

Personal attributes were very similar in the three different sites surveyed.

However, there were differences in pest management practices, particularly between the

Bongabon group and the San Jose and Munoz groups.  The Bongabon farmers’ use of

pesticides was considerably higher compared to the two other groups.

Awareness about alternative measures of pest control was evidently lacking

among the farmer respondents.  This lack of awareness was made apparent by their over

reliance on chemicals to control onion pests and diseases.  Pesticide spraying was the

primary pest management strategy in all of the study sites.  Simple cultural pest control

measures like water treatment, most effective against thrips, were only being practised by

a handful of farmers.  Awareness about the usefulness of beneficial insects was highest in

the San Jose group, which hopefully could be attributed to the presence of IPM-CRSP in
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the area.  Knowledge about integrated pest management however, even in the IPM-CRSP

sites, was very limited.  Fortunately, willingness to adopt alternative pest control

strategies such as reduced herbicide treatments, rice hull burning, rice straw mulching,

and biological controls was quite high among the farmers.  This willingness to try more

environmental friendly practices may have been motivated by their perceptions and

beliefs about the harmful environmental impacts of pesticide use.  It was also a common

belief that IPM could substantially reduce their operating expenses.  Although farmer

respondents generally knew about the risks that pesticides posed to the different

categories, there seemed to be no conscious effort in their part to exercise precautionary

measures against pesticide exposure and prevent environmental degradation.

The Bongabon farmers, generally the more affluent group, had a comparative

advantage in their onion operations over other groups because of larger farm sizes, higher

quality onion varieties, access to credit, and marketing tie-ups.  Hence, more income was

generated from onion production in Bongabon compared to San Jose and Munoz, where

rice was still the main source of income.  The Bongabon group was more exposed to

different cultural methods of pest control through training and seminars.  It was relatively

easy to facilitate such technology transfer programs in Bongabon because of the highly

organized nature of the group.  Establishment of farmers’ cooperatives therefore may

have positive implications for IPM adoption.

Results of the Evaluation of the IPM Program in the Philippines

The following section summarizes the results from the step-by-step procedure

used in evaluating the benefits of the IPM CRSP in Nueva Ecija.

The Environmental Categories

The selection of the environmental categories for impact evaluation considered

the different receptor groups that face hazards from exposure to different pesticide active

ingredients and their importance to the farming community.  Scientific experiments in the

Philippines verify that the 5 categories: 1) human health, 2) beneficial insects, 3) farm

animals, 4) fish and other aquatic species, and 5) birds are indeed endangered by

exposure to pesticidal ingredients (Pingali and Roger, 1995).  Farmers in the area have

experienced several symptoms of pesticide poisoning including dizziness, nausea,

respiratory problems, among others.  In addition, farmers also have observed pest
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resurgence or secondary pest outbreaks, animal poisoning, bird kills, and fish kills after

spraying pesticides on their vegetable fields.  These reports indicate the importance and

relevance of the five categories in evaluating the impacts of pesticide use and IPM

program benefits in the area.

The Pesticide Impact Scores

The impacts/risks posed by the different pesticides used in onions were

determined by assigning impact scores or risk scores using the rating scheme/algorithm

described in Chapter Three   Impact scores for each of the pesticide active ingredients

used are provided in Table V.9.

There were three major types of pesticides used by onion farmers: fungicides to

control major onion diseases such as damping-off and pink root,; herbicides to prevent

weed infestation; and insecticides to control onion thrips, armyworms, cutworms, and

maggots.  The different pesticides used by onion producers ranged from very low toxicity

ratings for bioinsecticides such as Xentari and Dipel to highly toxic active ingredients

such as chlorpyrifos and cypermethrin.

The hazard scores ranged from 0 (none toxic) to 5 (highly toxic).  The data

sources for the different parameters used in the rating scheme are included in the

appendix.  Hazard rankings from previous studies were used as well as toxicity databases

such as EXTOXNET.  Some of the toxicity parameters for certain active ingredients were

imputed from the average values within their class of active ingredients.  For example, if

an active ingredient was a member of the pyrethroid class and no data on fish toxicity

was available, the average fish toxicity for the pyrethroid class was used for that

particular active ingredient.  There were a few formulations such as Tordon 101, Vindex

Plus, Fenom D, and Nurelle D that were composed of two different active ingredients.

The hazard scores were derived by multiplying the hazard for each active ingredient with

its concentration or percentage of active ingredient in the formulation.  The formulation

Vindex Plus, for example, has 70% phenthoate active ingredient with a toxicity score of 3

and 30% BPMC with a hazard score of 5, hence the overall hazard score was calculated

as  .3 * 5 + .7 * 3 = 3.6.
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Table V.9  Risk/Impact Scores of Onion Pesticides  used in the Study Area by
Environmental Category

ACTIVE INGREDIENT ENVIRONMENTAL CATEGORY
Fungicides Human Animals Birds Aquatics Beneficials
Benomyl 4 4 3 5 5
Captan 5 5 0 3 3
Copper Hydroxide 3 3 3 3 3
Copper Oxychloride 3 3 3 3 3
Cupric Hydroxide 3 3 3 3 3
Mancozeb 3 3 3 5 5
Mn-Zn Ethylene 3 3 3 5 5
Propamocarb 3 3 3 3 3
Thiophanate Methyl 1 1 3 4 5

Herbicides
2,4-D IBE 3 3 3 4 5
Bentazon 3 3 1 3 5
Butachlor 3 3 1 3 3
Fluazifop-P-Butyl 4 4 0 5 5
Glyphosate 4 4 3 3 3
Isopropylamine 3 3 1 3 3
Oxadiazon 3 3 1 3 3
Oxyflourfen 4 4 1 5 5
Picloram + 2, 4-D 3 3 3 4 5

Insecticides
Acephate 1 1 5 1 3
Bacillus Thuringiensis 2 2 0 0 0
Carbaryl 2 2 3 4 5
Carbofuran 3 3 5 3 5
Cartap HCL 3 3 3 5 5
Chlorpyrifos 3 3 5 5 5
Chlorpyrifos + BPMC 3 3 5 5 5
Chlorpyrifos + Cypermethrin 3 3 5 5 5
Cypermethrin 4 4 1 4 5
Deltamethrin 4 4 3 4 5
Diazinon 1 1 5 4 3
Diazinon + Cypermethrin 4 4 5 4 3
Ethofenprox 3 3 3 1 1
Fenvalerate 3 3 1 5 5
Fipronil 3 3 3 1 1
Lambdacyhalothrin 3 3 3 4 5
Malathion 4 4 3 3 5
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Methamidophos 4 4 5 2 5
Methomyl 3 3 5 4 3
Methyl Parathion 4 4 5 4 3
Monocrotophos 4 4 5 3 5
Phenthoate 4 4 3 4 3
Phenthoate + BPMC 4 4 3 4 3
Profenofos 4 4 5 2 5
Thiodan 3 3 3 4 1
Triazophos 3 3 3 3 3

Willingness to Adopt IPM CRSP Technologies

The success of a program such as the IPM CRSP can be guaranteed only if there

is widespread adoption of these technologies.  The reason for actual farmer field trials is

to promote a participatory or grassroots approach to IPM research ensuring that farmers

get as much exposure and awareness about their pest control alternatives.  Hence, the

survey included a section on respondents’ willingness to adopt IPM CRSP technologies.

A brief introduction was given to all of the respondents stating that alternative

ways of controlling pests were being tested by a group of scientists from the states, IRRI,

and PhilRice, and that their primary concern was to come up with better ways to control

insect pests, weeds, and other secondary pests, that could possible reduce the harmful

effects of pesticides to human health and the environment while maintaining or even

enhancing onion yields.  Each of the experiments was explained carefully, comparing the

experiments with known farmers’ practices.  Then each respondent was asked the

question: “if  IPM CRSP technology x were to become available next year, are you

willing to adopt this technology or not?”  The following table shows the proportion of

farmers in each of the sites who indicated willingness to adopt IPM CRSP technologies.

The reduced-chemical strategies (ONEHERB and TRIWKLY) have 94% likelihood of

adoption based on willingness to adopt responses.  The RHULL only has 36% chance of

adoption, while the CASTOR and VIRUS technologies will likely be adopted by 50%

and 45% of the survey respondents.
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Table V.10.  Farmers’ Willingness to Adopt IPM CRSP Technologies in San Jose,
Bongabon, and Munoz, 1997-1998 Survey

IPM CRSP
TECHNOLOGY

SAN JOSE
n=110

BONGABON
n=30

MUNOZ
n=36

AVERAGE
n=176

RHULL 53 4 51 36
CASTOR 51 40 60 50
VIRUS 49 32 53 45
ONEHERB 90 93 100 94
TRIWKLY 93 97 91 94

While these values are used to calculate the program benefits in the survey area, it

was deemed necessary to estimate econometric models that can predict adoption rates

based on relevant causal variables to allow the benefits of the program to be projected to

a much larger sample or population in the future, given information on average values for

general socio-economic attributes of onion producers in the region.  Moreover, the

analyses provided insights on the magnitude and direction of influence of the different

socio-economic factors affecting willingness to adopt.  SAS System for Windows Version

6.12 and Limdep (Version 7) were used for the statistical analyses.  Logistic regression

allowed for the probabilities of adoption to be predicted more efficiently by using

additional information embedded in the set of covariates used in the model.

The probabilities of adoption for the two reduced chemical control strategies,

namely: 1) change in frequency of Brodan (insecticide) application from once a week to

once in three weeks (TRIWKLY); and 2) 50% reduction in herbicide treatments

(ONEHERB), were not estimated using the regression techniques described in Chapter

Three because of lack of variation in the dependent variable.  Very few farmers (11 for

TRIWKLY and 12 for ONEHERB) indicated non-willingness to adopt the two IPM

CRSP strategies.  In contrast, 93% (94%) of the producers reported willingness to adopt

TRIWKLY (ONEHERB) implying an overwhelming acceptance25 of a reduced-pesticide

strategy.  With such disproportionate values for the two binary dependent variables-- less

than 10% non-willingness-to-adopt responses, goodness-of-fit of the models was

questionable and convergence to the coefficients’ maximum likelihood estimates was not

                                                          
25 The overwhelming acceptance of this reduced-chemical strategy is driven by farmers’ beliefs that onion
yields and pest infestation levels will not be made worse by this alternative.
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possible.  Regression models were estimated for three IPM CRSP technologies, namely:

RHULL, CASTOR, and VIRUS models

Data Issues

There is an issue of whether the set of respondents (the sample) selected for the

survey is representative of the general characteristics of the population of farmers in the

area.  Considering that the estimated probabilities are predicted using farm and farmer

attributes and that these estimated probabilities are used to project adoption rates across

the region, it is worthwhile to ensure that the sample is not expected to result in any form

of sample bias.  The statistical test for this involves comparing the mean values of some

general farm and farmer characteristics  with population values or sample means from a

bigger sample drawn from the same set of respondents.  Attributes like age, educational

attainment, farm size, and yields of the sample of 176 farmers were compared with the

mean values for the same variables from a sample of 300 farmers (1994 baseline survey)

drawn from the same population of San Jose farmers.

Table V.11.  Mean Values of General Socio-Economic Attributes: 1994 Baseline
Survey and 1997 Producers’ Survey

VARIABLE
1994 BASELINE

SURVEY
(n=300)

1997 PRODUCER
SURVEY
(n=176)

AGE (# of years) 46.3 45.8
EDUCATION  (years of schooling) 7.9 8
TOTAL FARM SIZE (hectares) 1.43 1.6

The analysis of means showed that the average values for age, years of schooling,

yield, and farm size for the 1994 baseline survey and the 1997 producer survey are equal

(see attached for SAS output/test results).  The evidence therefore reveal that the set of

respondents selected is a representative sample of the farmer population in the IPM

CRSP areas and this sample is not expected to cause sample bias.

Correlation analysis was also done to check for possible collinearity among the

covariates.  As expected, the correlation coefficients (pearson) for yield and income

(0.62), farm size and income (0.65), farmsize and yield (0.65),  farming experience and

age (0.8), heard of IPM and attended IPM (0.7) indicated significant correlation between

these pairs of regressors.  The farming experience and the attend variables were dropped
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from the model and the PSHARE variable was used to capture income effects.  All the

other pairs of explanatory variables had reasonable pearson correlation coefficients.

Missing values associated with the regressors reduced the number of observations to 152.

Factors Affecting Willingness to Adopt IPM CRSP Technologies

Influence of the explanatory variables on the adoption of IPM CRSP technologies

is shown in TableV.12.  Logit regression results for the RHULL model revealed that

being an owner-operator and spending more hours on the farm per week negatively affect

willingness to adopt rice hull burning as an alternative control for weeds and nematodes.

The coefficient for Bongabon variable also turned out to be negative.  One possible

explanation for this result could be the difficulty for this region to obtain and transport

the rice hull material to the onion fields (especially for producers whose major crop is the

onion).  This was pointed out by a few Bongabon farmers during the survey.  There were

no significant variables that increased the probability of RHULL adoption.

The probability of adoption of the CASTOR technology is increased when

farmers are more aware of IPM concepts (HEARD), if they have personally witnessed

any one of the environmental impacts of pesticide use, and if they use more precautionary

measures against pesticide exposure.  On the other hand, receiving pest control advice

from fellow farmers, being from Munoz, and working more hours on the farm per week

have a negative effect on willingness to adopt CASTOR.

For the VIRUS model, nine variables were found to significantly affect

willingness to adopt Bt and NPV technologies.  The dummy variables representing

Bongabon and San Jose were not significant in thus model  These results indicate that at

the time of the survey the demonstration plots (located in these two sites) had no

enhancing effects on technology diffusion.  Three of the five information variables

significantly explained adoption of the VIRUS technology.  Interestingly, contrary to its

hypothesized effect, the influence of pesticide sales agents on the probability of Bt and

NPV adoption was positive.  The microbial agent Bacillus thuringiensis is however the

active ingredient present in two commercially available biological insecticides (Dipel and

Xentari); and marketing efforts for the Bt insecticides in the area could indirectly cause

this positive relationship.  Pest management information obtained from DA technicians

had a negative effect on the adoption of this technology, while getting pest management
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information through farmers’ cooperatives increased the probability of adopting the

technology.  The organized structure of farmers’ cooperatives is valuable attribute that

aids in information dissemination.  In the same manner, the extensiveness of the

marketing channels placed by pesticide companies makes them a formidable influence in

farmers’ pest management decisions.

Awareness about IPM (HEARD) and the impacts of pesticides on the

environment (OBSENV), as well as the amount of care taken avoid exposure all had a

positive influence on the dependent variable.   As expected, farmers who worked off-

farm and owned larger farms were more likely to adopt the technologies.

The marginal effects of the significant variables as well as their odds ratios are

also reported in Table V.12.  The odds ratio, computed by exponentiating the parameter

estimate for each explanatory variable, indicates the factor by which the odds of the event

is increased or decreased.   Results for the CASTOR model show that the odds for

adoption is significantly increased by a unit increase in the PREVENT, OBSENV, and

HEARD variables.  This implies that increasing farmers’ awareness of the health and

environmental impacts of pesticide use and their knowledge of integrated pest

management are very important in promoting adoption of alternative pest management

practices.  For adoption of Bt and NPV, factors that represent scale of operations and

flexibility of farmers to experiment and try new practices increase the odds of adoption

(OWNER, FARMSIZE, and OFFWORK) by a factor of 2.  Like in the CASTOR model,

awareness variables had a significant impact in increasing the odds of adoption.  In

addition, cooperatives and pesticide sales agents are important change agents.

Collaboration among the different change agents (extensionists, pesticide agents, and

farmer cooperatives) for technology promotion should be advocated.
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Table V.12.  IPM CRSP Willingness to Adopt Models: Logistic Regression Results

A.  THE RHULL MODEL
VARIABLE a PARAMETER

ESTIMATE
MARGINAL

EFFECTS
ODDS
RATIO

INTERCEPT 1.858 0.432 --
AGE 0.001 0 1.001
EDUCATION 0.048 0.011 1.050
OWNER** -0.948 -0.220 0.387
FARMSIZE 0.053 0.012 1.054
PSHARE -0.506 -0.118 0.603
OFFWORK -0.243 -0.056 0.784
PCTCOST -0.856 -0.199 0.425
PREVENT -0.196 -0.046 0.822
SPCF -0.054 -0.012 0.948
SPCDA 0.055 0.013 1.056
SPCCOOP 0.230 0.053 1.259
SPCAGENT -0.436 -0.101 0.646
SPCTRAIN -0.521 -0.123 0.594
BONGA* -3.233 -0.751 0.039
SAN JOSE 0.216 0.050 1.241
SICK 0.164 0.038 1.179
OBSENV 0.112 0.026 1.119
HEARD 0.104 0.024 1.109
FARMHRS** -0.034 -0.008 0.967
a  Variables that significantly affect the dependent variable are noted with asterisks; * indicates the variable
is significant at � = 1%, **  for 5 % level of significance, *** represents 10% level of significance, and
**** represents 15% level of significance.
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B.  THE CASTOR MODEL
VARIABLE PARAMETR MARGINAL ODDS

INTERCEPT* -10.320 -2.568 --
AGE 0.015 0.004 1.015
EDUCATION 0.076 0.019 1.079
OWNER 0.072 0.018 1.074
FARMSIZE 0.136 0.034 1.146
PSHARE 0.313 0.078 1.367
OFFWORK**** 0.739 0.184 2.094
PCTCOST 3.137 0.781 23.034
PREVENT* 1.973 0.491 7.189
SPCF*** -0.984 -0.245 0.374
SPCDA -0.518 -0.129 0.595
SPCCOOP 0.756 0.188 2.130
SPCAGENT 0.488 0.121 1.629
SPCTRAIN -1.387 -0.345 0.250
BONGA -0.339 -0.084 0.712
SAN JOSE -0.070 -0.017 0.932
SICK 0.526 0.131 1.692
OBSENV* 1.848 0.460 6.351
HEARD* 1.506 0.375 4.511
FARMHRS*** -0.030 -0.008 0.970

C.  THE VIRUS MODEL
VARIABLE PARAMETR MARGINAL ODDS

INTERCEPT* -16.181 -3.944 --
AGE*** 0.053 0.013 1.054
EDUCATION 0.118 0.029 1.125
OWNER 0.886 0.216 2.424
FARMSIZE** 0.621 0.151 1.860
PSHARE 0.256 0.062 1.292
OFFWORK*** 0.924 0.225 2.520
PCTCOST 1.048 0.255 2.853
PREVENT* 2.323 0.566 10.211
SPCF -0.627 -0.153 0.534
SPCDA*** -1.642 -0.400 0.194
SPCCOOP*** 1.440 0.351 4.219
SPCAGENT*** 0.977 0.238 2.657
SPCTRAIN -1.729 -0.421 0.178
BONGA -1.466 -0.357 0.231
SAN JOSE 0.781 0.190 2.184
SICK 0.990 0.241 2.691
OBSENV* 1.538 0.375 4.655
HEARD** 1.303 0.317 3.679
FARMHRS -0.023 -0.006 0.977
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Goodness of Fit Measures

The likelihood ratio tests indicate that the amount of variation explained in each

of the models is significantly different from zero.  Two criteria for goodness of fit are

reported in the table, the –2LogL and Score statistics.  The �
2 values for both measures

were highly significant (99% confidence level), providing evidence that the regression

coefficients were significantly different from zero.

Several measures of the predictive accuracy of the models are provided. Table

V.13.  The count R2 is a ratio of the number of correct predictions to the total number of

observations.   Count R2 values for the three models (.71 for the RHULL model, .84 for

the CASTOR model, and .88 for the VIRUS model) suggest that the selected regressors

are good predictors of adoption and non-adoption of IPM CRSP technologies.  The

proportion of correct prediction compares the correct predictions of both adoption and

non-adoption with the observed outcomes based on explanatory variable information.

Results for this show that the RHULL Model correctly predicts 68% of adoption cases

and 73% of non-adoption cases.  For the other two models, 84% (CASTOR) and 86%

(VIRUS) adoption cases were correctly predicted, while non-adoption were correctly

predicted for 84% (CASTOR) and 89% (VIRUS) of the observations.  The strong

predictive ability of each of the models in estimating the probabilities of adoption

provides justification for using these probabilities to project adoption rates in the area.

TableV.13.  Goodness-of-Fit Measures/Predictive Ability of the Logit Models

LOGIT MODELSMeasure of Goodness
of Fit RHULL CASTOR VIRUS

% Correct Predictions:
     Adoption 68 85 86
     Non-Adoption 73 84 89
Count R2 71 84 88

�
2 value 45.450 89.707 103.931-2 Log L

p-value 0.0006 0.0001 0.0001

�
2 value 37.286 68.966 75.285Score

p-value 0.0073 0.0001 0.0001

Estimated Adoption Rates based on Logistic Regression

Table V.14 below shows the estimated adoption rates for each technology in each

of the sites based on the logistic regressions.  The logit models estimate the predicted
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probabilities of adoption for each farmer.  If the predicted probability of adopting a

particular technology for an individual given his or her specific set of attributes, is greater

than his or her probability of non-adoption (greater than 50% predicted probability of

adoption), the individual is classified as an adopter; otherwise he/she is classified as a

non-adopter of that technology.

Table V.14.  Predicted Adoption Rates by Site

IPM CRSP Adoption Rates (percent)SITE
RHULL CASTOR VIRUS

San Jose 65 43 25
Bongabon 0 36 50
Munoz 39 58 40

Estimated Reduction in Pesticide Use as a Result of IPM CRSP Technologies:
Experiment Results

IPM CRSP scientists in the Philippines gathered evidence on the efficacy and

yield effects of the different IPM CRSP technologies.  More importantly, the impacts of

these technologies on pesticide use patterns were examined.

The experimental results show that the technologies are indeed viable alternatives

to chemical control measures.  There were no significant differences in onion yields

among the treatments (chemical control vs. IPM CRSP technologies) and IPM was just as

effective as chemical treatments in controlling weeds, insects, and onion diseases. In

some instances, yields were higher for the IPM-managed plots.

The experiment on thrips control (the TRIWKLY strategy) found that a reduction

in the frequency of insecticide application from once a week to once in three weeks is

optimal.  This result implies that the use of insecticides for thrips control can be reduced

by two-thirds (67%).  Furthermore, the results also indicate that if the thrips population is

below the threshold level of 10 per plant, no insecticide treatment is needed, thereby

possibly reducing insecticides used for thrips control  by as much as 100 %.

The ONEHERB experiment revealed that herbicide usage could be reduced by

50%, since additional herbicide treatments do not provide any incremental benefits in

terms of weed efficacy and onion yields.

The results for the Bt and NPV experiments (Virus technology) showed that the

microbial agents- Bacillus thuringiensis and nuclear polyhedrosis virus were effective in
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controlling lepidoptera spp. (worms) and that there were no significant changes in onion

yields.  As soon as this technology becomes widespread, it is expected that a 100%

reduction in insecticide use is possible.

The RHULL technology was found to be an effective alternative for control of

nematodes, onion diseases, and weeds.  The CASTOR plant also proved to be effective in

attracting insects/worms making it a useful trap plant.  The experiments for these two

technologies are still on-going and several more trials will be needed to determine exactly

how much reduction in pesticide use is possible.

For purposes of evaluating the impacts of the program, assumptions on the

combined effects of this mix of technologies on the percentage reduction in pesticide

usage had to be made, especially since it is impossible to determine at this point whether

the impacts are additive, synergistic or even whether adopters view these technologies as

substitutes for one another.  When actual adoption data becomes available, econometric

estimation of effects of adoption of bundled technologies on pesticide usage can be

further analyzed.

The farmers that were classified as adopters (from the previous step) were

identified, and information on their current consumption of fungicides, herbicides, and

insecticides were used to determine the actual amounts of pesticide reduction that can be

induced by the program.  Since the IPM CRSP technologies target different onion pests,

each technology had different impacts in terms of the type of pesticide that can be

reduced.  Hence, the analysis was done by segregating the impacts of the technology

package on each of the following: 1) fungicide use, 2) herbicide use, and 3) insecticide

use.

Adoption of both the ONEHERB strategy and the RHULL technology affects

herbicide use patterns.  Since results show that only 50 % of current herbicide usage is

needed and that rice hull burning also effectively prevents weed growth and survival,

their combined effects were estimated to total 65 % reduction in the amount of herbicides

used.  The assumption is made that an additional 15% reduction is possible with adoption

of the RHULL technology.  It was proven though that weed fresh weight was reduced by

88% with rice hull burning.
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In terms of impacts of the program on insecticide use—there were three

technologies considered, the CASTOR technology, VIRUS technology, and the

TRIWKLY strategy.  Different insecticides are used, however, for different target pests.

To incorporate this issue in the analysis, information on specific pests that are being

targeted by each pesticide formulation and their corresponding active ingredients were

gathered.  Most of the insecticides used in onions control thrips, cutworms, armyworms,

and maggots.  Since insecticide treatments for thrips control can be reduced by 67%, all

insecticides that were being used to control thrips were identified and reductions in usage

were calculated accordingly.  Similarly, insecticides used to control worms were

identified, and with CASTOR and VIRUS adoption, at least 50% reduction in dosage is

allowed.  To avoid double counting, insecticides that control both thrips and worms were

not reduced twice as a result of TRIWKLY adoption and CASTOR-VIRUS adoption,

instead dosage reduction attributable to both sets were reduced by 50%.

Calculations for program impacts on fungicide use reduction were calculated in a

similar manner.  Only one technology however affects fungicide use; the RHULL

technology was assumed to induce a modest 25% reduction is dosage.  The actual

reductions in pesticide dosage by type of use are provided in the Appendix.

Using the different impact scenarios for each technology and pesticide usage of

predicted adopters for each technology, the following results were derived:

TableV.15.  Reduction in Amount of Active Ingredient by Technology

IPM CRSP STRATEGY / % Reduction a Reduction in Amt of AI (kgs)
ONEHERB (herbicides) 50 43.33

67 118.89TRIWKLY (insecticides)
100 177.44

VIRUS (insecticides) 100 151.83
25 29.28
50 58.55CASTOR (insecticides)
75 87.83
25 1.90
50 3.80RHULL (fungicides)
75 5.69
25 4.28
50 8.55RHULL (herbicides)
75 12.83

a  The numbers represent different possibilities or scenarios of the percentage reduction in insecticides,
herbicides, and fungicides that each IPM CRSP technology can possibly induce
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Estimation of Society’s Willingness-to-Pay for a Reduction in the Risks Posed by
Pesticides to the Five Environmental Categories

Society’s willingness to pay  (WTP) for environmental improvements or risk

avoidance provides the means to place a monetary value on the environmental benefits of

the IPM CRSP in Nueva Ecija.  WTP values were obtained by using the contingent

valuation method (CVM).  The consensus these days is that using CVM to measure the

benefits of less familiar goods such as risk reductions of pesticide use to different

environmental categories is difficult.  However, provided the respondents can be

motivated to carefully follow the contingent market described in the scenario and find it

sufficiently plausible, CV surveys do offer the possibility of obtaining meaningful

information about consumer preferences for non-market commodities (Mitchell and

Carson, 1989).  The main challenge faced was to make the scenario sufficiently

understandable, plausible, and meaningful to the respondents so that they could give valid

and reliable values.  One of the indicators of reliability of WTP bids is for the values to

be within their budgets (household income), which should prove their ability to pay.  The

mean values for WTP values for the five categories were well within their budgets posing

no problems on ability to pay.

The bids were elicited by simulating a buy and sell exercise quite familiar with

the farmers.  Respondents were asked to place their WTP values to buy different

formulations of their favorite pesticides.  Five different formulations were offered: 1) one

that avoids human health risks; 2) one that prevents risk to birds; 3) one that prevents risk

to fish and other aquatic species; 4) one that prevents risk to farm animals; and finally 5)

one that prevents risk to beneficial insects.

The willingness-to-pay bids were estimated using ordinary least squares in order

to incorporate additional information embedded in the choice variables and to check for

consistency with economic theory.  In addition, this multivariate regression model allows

for projection of results to a larger group given more information on the choice variables.

The variables included in the models (Table V.16) were: income, age, educational

attainment, share of pesticide expenses in total operating costs, degree of importance of

human health, beneficial insects, farm animals, birds, and aquatic species, observations

on the following environmental consequences of pesticide use—secondary outbreaks,
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farm animal poisoning, bird kills, fish kills, as well as a variable sick indicating the

individual has experienced being sick from pesticide use.

Table V.16.  Summary Statistics for the Choice Variables in the WTP Models

VARIABLE DEFINITION Mean Std. Dev’n
RETURNS returns from farming (1996-1997 season) pesos 72,910 119.41
COST % of pesticide costs to total operating expenses 0.14 0.09
AGE number of years 45.86 12.61
EDUC educational attainment, number of years 7.99 3.0
Degree of importance of risks to the 5 categories (scale of 1-3, 1= most important):
IMPTH importance of impacts on human health 1 0.15
IMPTF importance of impacts on fish/other aquatics 1.36 0.5
IMPTB importance of impacts on birds 1.72 0.6
IMPTFA importance of impacts on farm animals 1.22 0.46
IMPTBI importance of impacts on beneficial insects 1.39 0.53
Experience on Pesticide Impacts (0/1):
SICK experienced symptoms of poisoning 0.256 0.44
RESURGE observed secondary pest outbreaks 0.23 0.42
PPOISON observed farm animal poisoning 0.09 0.29
FKILLS observed fish kills 0.24 0.43
BKILLS observed bird kills 0.08 0.27
Exposure parameters
EATFISH (0/1):consumes fish from nearby surfacewaters 0.31 0.46
EXPOSE amount of care taken to prevent exposure (1-5) 2.74 0.89

Table V.17. shows the mean and standard deviation of the willingness to pay bids

of the farmer respondents for each of the environmental categories

Table V.17.  Summary Statistics for the Dependent Variables

VARIABLE Mean WTP (pesos) Standard Deviation

WTP: Human Health 680 219

WTP: Beneficial Insects 580 197

WTP: Fish and other Aquatics 577 200

WTP: Birds 551 198

WTP: Farm Animals 621 210

The influence of the choice variables on willingness to pay estimates for each of

the environmental categories are reported in Table V.18.

The income variable (RETURNS) was consistently significant in all of the models

except for the human health model.  The implication is that all the other environmental
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categories (birds, beneficial insects, fish, and farm animals) can be viewed as normal

goods-- as income increases demand for such goods increase.  This result is consistent

with what consumer theory suggests.

The COST variable came out significant and positive in the beneficial insects

model, the birds model, and the human health model.  This result suggests that as the

relative share of pesticide expense increases relative to total operating expenses,

willingness to pay for risk avoidance to these three categories increases.  This result does

not contradict economic theory.  As farmers use more pesticides, concern for the

environment and effects on human health  increases.  This may be driven by the fact that

most farmers are risk averse because of their heavy reliance on the farming business for

their livelihood and pesticide usage gives them some assurance that crop damage can be

avoided.  Without any known reliable and safer alternatives to chemical control,

pesticides would still be their main method of controlling pests despite the fact that they

worry about the environmental consequences of their actions.

The only other variable that significantly explains willingness to pay for human

health is having observed fish kills in nearby surface waters.  The survey results indicated

that the fish from these sources are a major part of farmers’ daily diets.  Hence, concern

for ingesting pesticide-laced fish motivates this behavior.  The degree of importance

variables for avoiding risks to beneficial insects, farm animals, and fish species are

negative—this implies that the more importance they place on avoiding impacts, the

higher their willingness to pay values.  In addition, first hand knowledge of

environmental effects represented by the variables RESURGE and FKILLS were

significant and positive in the beneficial insects model and the fish model, respectively.

The R2 values for each of the five models (which ranged from  .05 for the birds

model to 0.17 for the human health category) are very low.  However, considering the

cross-sectional nature of the data these values are not too surprising.

Nevertheless, the goodness of fit measures of the five models provide evidence

that the overall explanatory power of the model is good. Only the birds model did not get

a 15% level of significance, the �-level was 0.18.  Hence, the willingness to pay

estimates appear to be reliable.  These estimated values are combined with reduction in

risks calculated using values from steps 2, 3, and 4.
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Table V.18.  Estimated and Adjusted Willingness to Pay Values for Risk Avoidance
by Impact Category

ENVIRONMENTAL CATEGORY Mean WTP (pesos) Adjusted WTP (pesos)
Human Health 680 476
Beneficial Insects 580 406
Birds 577 385
Fish and other Aquatic Species 551 404
Farm Animals 621 434

These values represent each respondent’s willingness to pay for risk avoidance.

However risks from pesticide exposure are being incurred by these people not only from

their onion production but also from pesticide use in their rice crops during the wet

season.  In order to incorporate this, information on mean pesticide usage for each of the

crop were obtained (Rola et al.,1995).  It was determined that 70% of the total pesticides

used by the rice-onion farmers were applied on the onions and 30% for rice.  The

willingness-to-pay estimates were then weighed by this percentage to account for the

value they place on risk avoidance specifically from their onion production.

Table V.19.  Willingness to Pay Models:  Regression Results

Variable Parameter
Estimate

Pr >|T| F-Value Prob>|F| R2

Human Health Model 4.267 0.0001 0.17

Returns 0.000157 0.2629
Age 1.426547 0.2929
Educ 4.268047 0.4598
Cost 578.652728 0.0018
ImptH -129.074555 0.2163
Resurge 33.185007 0.4306
Ppoison 5.698242 0.9267
Fkills 128.509462 0.0062
Beneficial Insects Model 2.913 0.0100 0.0947

Returns 0.000260 0.0469
Age -0.050531 0.9676
Educ -3.451737 0.5189
Cost 303.117790 0.0747
ImptBI -52.750947 0.0562
Resurge 64.275016 0.0665
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Farm Animals Model 1.774 0.1073 0.0606

Returns 0.000214 .1340
Age 0.195256 0.8860
Cost 187.816434 0.3191
Educ -8.739520 0.1405
ImptFA -71.725445 0.0414
Ppoison -16.595446 0.7714
Aquatics Model 3.358 0.0038 0.1088

Returns 0.000246 .0641
Age -0.504854 0.6888
Educ -6.663618 0.2263
Cost 243.481553 0.1567
Fkills 88.511441 0.0139
ImptF -63.921172 0.0333
Birds Model 1.508 0.1783 0.0517

Returns 0.000284 .0362
Age -0.179940 .8887
Educ -4.200899 .4528
Cost 261.009129 .1368
ImptB -10.427014 .7002
Bkills 21.404980 .7056

The Economic Benefits of the Health and Environmental Impacts of IPM CRSP
Technologies

This step is a synthesis of the environmental risks, adoption rates, pesticide usage,

and willingness-to-pay estimates generated from the first five steps of the evaluation

process.  The benefits of the program are derived by calculating the impacts of the five

IPM CRSP technologies in terms of reducing risks to the five receptor groups--humans,

farm animals, beneficial insects, fish and other aquatics, and birds.  The premise is that a

reduction in pesticide usage decreases the estimated environmental risks to the five

receptor groups.  The degree of risks that can be avoided with adoption of the

technologies is combined with society’s willingness to pay for risk avoidance, generating

an estimate of the savings attributable to the program.  The following table provides

values for the environmental risk scores with and without IPM CRSP adoption.
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Table V.20.  Percentage Changes in Ecological Ratings Induced by the Impact of
IPM CRSP on Pesticide Use Patterns for One Cropping Season

CATEGORY TYPE OF
USE

ECORATINGS
WITH OUT IPM

ECORATINGS
WITH IPM
CRSP

% RISK
AVOIDED a

Herbicide 322.66 113.94
Insecticide 404.75 142.15

 Human Health

Fungicide 19.98 14.98

64

Herbicide 331.70 117.23
Insecticide 456.4 180

Beneficial
Insects

Fungicide 28.04 21.03

61

Herbicide 330.59 116.8
Insecticide 358.46 131.5

Fish/other
Aquatics

Fungicide 26.64 19.98

62

Herbicide 122.29 43.25
Insecticide 404.75 161

Avian Species

Fungicide 22.78 17.08

6

Herbicide 322.66 113.94
Insecticide 404.75 142.15

Farm Animals

Fungicide 19.98 14.98

64

a The values represent the percentage change in ecoratings with IPM CRSP and without
IPM CRSP.  The ecoratings for herbicides, insecticides, and fungicides are added
together to derive the total ecorating for each of the environmental categories.

Combining the estimated percentage of risks avoided with willingness to pay values for

risk avoidance, the estimated benefits of the IPM CRSP in the affected area {projection to

a larger population and a larger area is provided in the conclusions} are derived.  The

total benefits of the IPM CRSP in the affected area is shown as follows:

Table V.21.  The Estimated Benefits of IPM CRSP by Category

CATEGORY % RISK AVOIDED WTP: RISK
AVOIDANCE

BENEFITS (pesos)a

Human Health 64 476 305
Beneficial Insects 61 406 248
Birds 60 385 231
Farm Animals 64 434 278
Fish/other Aquatics 62 404 250
a These numbers represent values per person for risks reduced per cropping season

The total benefits accrued by farmer residents in the survey area (of 176 onion

farmers) total: 230,912.00 pesos.  This estimated amount of the benefits of the IPM

CRSP, in particular the five IPM CRSP technologies/practices, is based on willingness to
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pay values of farmer respondents only, and does not include benefits to consumers, hence

represent a lower bound approximation to societal benefits.

On top of these savings in environmental costs, the reduction in pesticide use also

reduced operating expenses.  Calculated reduction in economic costs are provided in

Table V.22.

Table V.22.  Cost Savings from Adoption of IPM CRSP Technologies

COST SAVINGS Per Season (Expenses on Pesticides,
pesos)

IPM CRSP TECHNOLOGY

Insecticides Herbicides Fungicides
TRIWKLY 159,154.00 -- --
CASTOR 149,457.00 -- --
VIRUS 114,940.00 -- --
RHULL -- 17,776.00 1,670.00
ONEHERB -- 123,791.00 --
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CHAPTER SIX

SUMMARY AND CONCLUSIONS

There are health and environmental consequences to pesticide use in agriculture.

The integrated pest management paradigm came about to address this concern.  IPM

programs were developed to reduce pesticide use through the use of biological and

cultural controls, and by advocating reduced chemical control strategies that are based on

specific field conditions and pest infestation levels.  While IPM studies have indicated

that these alternative strategies help reduce farm costs and maintain or improve crop

yields, the benefits to society of such a program go beyond profitability when the health

and environmental benefits are considered.  These benefits include improved quality of

surfacewater and groundwater, food safety for humans and wildlife, health of pesticide

applicators, and the long run sustainability of pest management systems.

The IPM-Collaborative Research Support Program (IPM-CRSP) was established

specifically to address pesticide misuse in the rice-onion system in Nueva Ecija.  The

IPM-CRSP activities include research on the optimal use of pesticides, complementary

weed control strategies, cultural controls, and biological controls.  The goal is to improve

farmer income while minimizing pesticide use.  If successful, the program should

generate benefits that can be measured in economic terms.

The research in this thesis was conducted to establish and test a method for

measuring the economic value of the environmental benefits of IPM.  The method was

applied to IPM practices developed on the IPM CRSP for an onion farming community in

Nueva Ecija.  The program benefits were derived using a measure of the change in

environmental quality attributable to the IPM program and an estimate of society’s

willingness to pay for this change in quality.  The change in environmental quality was

measured using an ecological rating score (ecorating).  The ecorating with IPM CRSP

adoption was compared to the ecorating before IPM CRSP adoption and the percent

reduction in scores represented the amount of risks avoided.  These ecoratings reflected

risks posed by different pesticide active ingredients to five major non-target receptor

groups-- humans, beneficial insects, farm animals, birds, and aquatic species.  The risks

were evaluated using toxicity and exposure indicators as well as usage data.
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Results indicate that if the IPM technologies developed on the IPM CRSP are

adopted, human health and farm animal risks are reduced by 64%, risks to beneficial

insects are reduced by 61%, risks to fish and other aquatic species are reduced by 62%,

and risks to birds are reduced by 60%.  These estimates are based on adoption rates from

observed willingness to pay responses.

To be able to project the benefits of the program to neighboring communities or

even to the whole region, the probabilities of adoption of the IPM CRSP technologies

were predicted using a maximum likelihood logit model.  The adoption model

incorporated information on farmer attributes, farm structures, environmental awareness,

managerial factors, and perceptions to predict willingness to adopt the technologies.  The

predicted adoption rates for each technology are: 45% for the RHULL technology, 52%

for the CASTOR technology, and 45% for the Bt and NPV technology.

A contingent valuation survey was used to elicit farmers’ willingness-to-pay to

reduce pesticide risks as measured by their “bids” on various “safer” formulations of their

most widely used pesticide.  Respondents’ mean willingness to pay bids for annual risk

reduction to each category are as follows:  476 pesos for human health, 406 pesos for

beneficial insects, 385 pesos for birds, 404 pesos for fish, and 434 pesos for farm

animals.

Combining willingness to pay bids for risk avoidance and the percentage

reduction in risks, the health and environmental benefits of the IPM CRSP for one onion

season per affected farmer were estimated to total 1,312.00 pesos.  The aggregate benefits

to the onion farming community in Nueva Ecija (5 villages) totalled 230,912.00 pesos

Major Contributions

The significance of this study and its major contributions can be summarized by

the following:

� Most benefit-cost analyses of IPM programs focus on evaluation of private costs and

benefits.  This study evaluates an IPM program in terms of its benefit to the

environment and human health, thereby going beyond the traditional benefit-cost

analysis context.
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� There is a great demand for measures of environmental benefits or risks. While

several studies have been completed in the United States and other developed

countries, studies of this kind are still lacking in developing countries.

� The environmental impact assessment of current pesticide use patterns quantifies the

environmental consequences of pesticide use in vegetables.  The ecorating scores

reflect the risks caused by each pesticide active ingredient to different environmental

categories.  Using the ecorating scores generated, ranking of pesticide choices or

alternatives can be done so that more informed decisions can be made.

� The estimated adoption model provided insights into the factors that influence

adoption of different technologies.  For example, informational factors such as the

source of pest control advice were highly significant in the different models. Results

indicate that if pest control advice is obtained through farmer cooperatives, the

probability of adoption is increased.  In addition, it was found that increasing

awareness about the health and environmental impacts of pesticide use among the

onion producers raises the likelihood of adoption of IPM CRSP technologies.  Hence,

educational efforts designed to increase awareness may be worthwhile.

� The adoption model estimated allows for adoption rates to be further projected to a

larger community and bigger population given information on average values of

general socio-economic attributes of onion producers.

� The CV results indicated that society (particularly those affected by environmental

degradation) care about the environmental consequences of pesticide use as WTP

bids were positive.  The study provides a different valuation/measure of  health risks

than previous studies which have used avoidance costs, medical expenses, and losses

in productivity measures.

Policy Implications

The greatest impact of the benefits of the IPM CRSP will be in the areas of high

pesticide use such as Bongabon.  Areas like this should be prioritized and targeted by

programs and policies designed to push adoption of integrated pest management practices

to reduce the region’s pesticide use

This study provides justification for public investment of resources in training and

educational programs to increase awareness about IPM and promote IPM adoption
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particularly in areas like San Jose and Munoz.  The Munoz group even has an advantage

over the San Jose group in that they have been exposed to IPM concepts in rice and some

of the practices and beliefs learned from rice IPM are carried over in their onion farming.

The Bongabon group on the other hand are proactive and very receptive to try out new

technologies and since the cooperative is already investing in training programs and

seminars about IPM, price incentives or market-based policies might be the best approach

to promote adoption of IPM CRSP technologies.  This group of farmers are more likely

to react to pricing regulations such as lower priced bioinsecticides (like those containing

Bacillus thuringiensis) since a substantial portion of their opertaing costs (22%) are spent

on pesticides.

Conclusions, Limitations, and Recommendations for Future Research

Practices developed on the IPM CRSP potentially improve environmental quality

and reduce farm costs.  The IPM CRSP experiments tested for the optimal amounts of

insecticide and herbicide application under existing field conditions should be

(ONEHERB, TRIWKLY), establishing threshold levels for pesticide use.  In addition,

cultural and biological techniques were developed that can further reduce chemical

applications (RHULL, Bt, NPVB, CASTOR).  Field tests and experiments should

continue to further establish optimal rules by which pesticide decisions can be based.  It

is not known for certain how much reduction in pesticide use is possible with the cultural

and biological techniques developed under IPM CRSP.

Efforts to transfer these IPM technologies to the farmers more rapidly are needed.

Adoption analysis indicated that acceptance by farmers is usually a function of the

following:

1) whether producers perceive the innovation to be better than traditional practices;

2) whether the innovations are compatible with traditional and past experiences;

3) whether the innovations are too complex to comprehend and implement;

4) whether the innovation can be tried on a limited basis; and

5) whether the results of the innovation are visible.

The IPM CRSP technologies pass each of these tests so that it should not be difficult to

increase adoption.  Efforts should begin by increasing awareness about these

technologies.  The survey revealed that awareness about alternative measures of pest
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control was lacking, as reflected by farmers’ over reliance on chemicals to control onion

pests and diseases.  Knowledge of IPM, even in the IPM-CRSP sites, was limited even

though awareness of the usefulness of beneficial insects and willingness to adopt

alternative pest control strategies were high in areas where IPM-CRSP activities are

being conducted.

Survey results further indicated producers’ willingness to try alternative pest

control measures.  This willingness may be driven by their perceptions about the adverse

impacts of pesticide use and the expected reductions in farm costs if pesticide use is

reduced.

 The economic success of a highly organized group of farmers makes a good case

for espousing establishment of farmers’ cooperatives to help hasten IPM technology

transfer.  The IPM-CRSP technologies can reduce pesticide use in onions without loss of

efficacy.  For example, results of the IPM-CRSP field trials showed that herbicide use

could be reduced by as much as 50% with adoption of the alternative weed control

strategies, and a no-insecticide option is viable to control onion thrips if biological

controls are used.

One of the limitations of the study was the use of toxicity measures that are based

on tests conducted in the states.  Also, more specific farm/field conditions (i.e.climatic

factors, soil types, etc) should be incorporated in the analysis.  If anything, the risk scores

derived in this study are lower bound approximations to actual pesticide risks, because

use of preventive measures against exposure is not commonplace in the Philippines, and

hot and humid conditions prolong pesticide persistence.

With respect to the regression models for predicting adoption, the extent of the

bias brought about by omission of variables can not be determined.  The model hopefully

captured most of the causality.  Moreover, adoption could only be predicted based on

farmers verbal responses as opposed to actual adoption, because the technologies are still

under experimentation.

Further research on the benefits due to IPM in vegetables should be conducted.

The benefits calculated in this study are specific to the onion farming community in 5

villages.  The health and environmental benefits, however, extend well beyond these

farming communities.  In addition, benefits to consumers should be estimated.  The
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question is, is there a demand for safer vegetable produce?  How much do consumers

value IPM-grown produce.  If there is a price premium for this safety that consumers

would be willing to pay so that incentives could be provided to producers to change their

current pesticide use patterns.  Finally, as soon as farmers begin to adopt these

technologies, impacts on pesticide use can be more accurately estimated.  Because

different farmers face different constraints or production functions, the reduction in

pesticide use from adoption of the technologies may differ from one farmer to another.
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