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Brief overview of rice production inAsia 17

3 BACKGROUND

31 BRIEF OVERVIEW OF RICE PRODUCTION IN ASIA, BEFORE AND DURING
THE GREEN REVOLUTION

Rice production in Asia increases by expanding land under cultivation, by growing more
than one short duration crop in a year or by increasing the harvested yield per crop

Breeding and management contribute to all these sources of growth, as in Southern China
in the 11th century when short duration Champa varieties from Vietnam were introduced
northward to areas with irrigation systems This Green Revolution promptly expanded the
area double cropped under ihe more intensive Chinese fertilizer and cultivation practices

Local farmers' selection steadily improved the genetic potential of these varieties so that
staple food production and population growth in South China outpaced North China by
afactorof 2 1 for the next 500 years (3,28) [Please see numbered references in Annex I

Twentieth century rice production in Asia stagnated at first While North Asian production
kept up with population by efliciently distributing fertilizer and improving varieties tropical
Asian production grew only through expanding area cultivated It did not keep up with the
demographic transition to lower mortalily Total production remained level but per capita
production declined for the 25 years before the Second World War (3)

After the war construction and improvement of irrigation systems boosted tropical
production intothe 1960s Then {wo new genetic technologies — photoperiod insensitivily
that opened up the double-cropping potential of irrigated land and higher grain to straw
ratios that utihzed more of the nutrient potential of nitrogen fertilizer as harvestable vield
—recreated 800yearslaterthanin South China a Green Revolution in rice (Fig 3 1)(3,9)
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Fig 3 1 Average annual paddy production for Asia
(selected periods - 1000s of tons)
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National production caught up with population when the distribution of seeds and
fertilizer allowed countries to take up the “economic slack”™ between potential and achieved
yields across their irrigated areas (Fig 3 2) {22) Every major Asian country became self-
sufficient in rice in the 1980s The relative well- being of these huge populations (totalling
54% of world population) and the dominance of rice in feeding them was a pronounced
tnumph for national rice intensification programs This triummph was achieved by applying
political will but not without costs To quantum leaps in production were added politically
essential price conirols that protected urban consumers Farmers' incomes suffered
(Fig 3 3, from IRRI data)(5)

In the early months of the Green Revolution national programs were enjoined to make
farmers better consumers of inputs rather than more skillful producers of rice (10} Intheir
hastie to achieve sell sufficiency government intensification programs “bundled insecticides
together with new seeds and fertilizers Insecticides were to be applied like fertilizers at
fixed intervals without reference to field conditions Routine aerial applications of
insecticides were made by governments or by chemical companies contracted by governments
Lo “protect” large parts of the country (13) Asearly as 1969 farmers field studies by IRRI

economists showed thatl farmers profits decreased the more times they applied insecticides
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16 - BPH (15,17,33) The major motivation for
15 - l applying insecticides was to insure
14 -+ Cost of against thefear of croploss, not toimprove
producing
13 1 E:]an in profits this motivation was fueled by
una
12 7 (UPLB) ignorance about agroecosystems A
11 A
10 4 representative study of rice farmers costs

from 1970 - 1973 showed a 4-fold increase
in insecticide spending (Fig 3 4) After
the farmers surveyed reached their peak
spending, an extensive rice brown
planthopper outbreak seriously damaged
- the majority of their fields and over 20%

- lost their crop (1) Economic and

- W N
1

] 1 l | r : | - mMmarketing pressures intensification

Y Sr WS DS WS DS WS DS policies without ecological bases and

Fig 3 4 Insecticide costsas percentage fear had led to serious ecological

of cash costs of rice production Laguna disruption that menaced rice production
Philippines (1) (20)
32 EMERGENCE OF RICE BROWN PLANTHOPPER (BPH) AS A SECONDARY

PEST, APEST OF THE GREEN REVOLUTION, A PESTICIDE-INDUCED PEST

321 Nature and Scale of the BPH Crises

Well known for over 500 years in Northeast Asia the BPH was not considered a major pest
of tropical rice in the late 1960s Even a lavishly illustrated large format book on insect
controlinrice in Indonesia producedin 1968 by a Swiss chemical company had no picture
of BPH It concentrated instead on aerial applications for rice stemborers By 1975 BPH
had become by far the most threatening insect pest of rice in the tropics The losses to this
pest totalled hundreds of millions of dollars by 1977 (6) IRRI scientists bred genetic
materials for BPH “resistance” from South Asian rice into their Southeast Asian lines

Almost immediately “unbelievable” reports came back that these lines were not resistant

or “lost” their resistance within months of exposure to local field populations The severity
of the first wave of BPH outbreaks is shown for Indonesia (Fig 35 3 6) Years of huge
infestations were years of especially high importation of rice At this time Indonesia was
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the largest rice importing country in the world despite irrigation seeds and fertilizers and
apparently despite insecticides (22} Similar oulbreaks are shown for Malaysia and
Thailand in the same period (Fig 3 ~ 3 8) (20,39,46)

The Green Revolution was in danger of politically humiliating failure The BPH crisis of the
late 1970s was finally weathered not by immediate increases in insecticides but by the
release of varieties with additional sources of resistance {Indonesia) and by careful field
monitoring (Malaysia) that emphasired the ratio of BPH to natural enemies (39) The data
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for Thatland and Vietnam are not as complete but deployment of new varieties with

different "resistance’' characteristics did take place

322 Researchers' Explanations

3221 Correlated Conditions

The BPH exploded wherever the Green Revolutiondid Foreach factor--irrigation varieties

and fertilizers- laboratory (even phytotron) studies were used tojustify the relationship with
BPH BPH were found to respond to relative humidity (associated with frrigation) canopy
microclimate (associated with the dense architecture of modern varieties) planting density
(modern varieties and new planting practices) plant age (20 days before flowering in
modern vanieties) and nitrogen contents of whole plants leaves phloem cells and sap (all
related to fertilizers) (7,16) Each narrow laboratory study had some positive results but
as most of these factors were essential to Green Revolution rice production control by
eliminating any or all of these factors was not practicable It was more worrying to discover
that results were not conclusive when factors such as modern vs “traditional” varieties

irrigation or fertilizer level were examined in field experiments BPH populations inregular
fields did not generally respond to the suspected factors of intensification as predicted from

laboratory results (18)

3 2 2 2 Ecological Explanation

The role of natural population regulation and its disruption — so well documented for other
temperate and tropical agroecosystems — was discounted for years although the earhest
field study of rice planthupper outbreaks in Japan (24] clearly identified insecticide
produced destruction of arthropod natural enemies as the key cause of ouibreaks

Biological control although mentioned in conferences was considered too complicated
uncertain inapplicable or esoteric to form the basis of conirol The conventional wisdom
among research entomologists was that Asian rice farmers did not use enough insecticides

to disrupt biological control {20)

Beginning in 1977 fundamental ecological field studies in experiment stations and farmers
fields in Philippines Malaysia India and Indonesia showed that

1 BPH experienced high natural mortalities at all stages in fields without
insecticide treatment (25,39}
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2 BPH oviposition was reduced at higher adult female denstties (25)

3 Hundreds of species of arthropod natural enemies of BPH could be found in
farmers rice fields across Asia (43)

4 Generalist predators like spiders waterstriders and mirids showed significant
positive numerical responses to BPH densities in normal production fields
(25,39)

5 Insecticides killed most predators and thus increased BPH survivorship,
fecundity, and population growth rate by many times (25,39)

6 Given a BPH population in a rice fleld commercial insecticide applications
invariably increased its population density {25,31)

7 Insecticide-induced changes in survivorship were large enough to cause BPH
oulbreaks as rapidly as they were observed to occur in fields of farmers
suffering outbreaks (25)

8 Field mortality fromnatural enemies was sufficient to compensate completely
in insecticide-free fields for the evolution of BPH populations able to feed on
previously “resistant” varieties (11,25)

9 The proportion of BPH in natural (farmers field) populations phenotypically
equipped to feed on “resistant” varieties was large enough that released by
insecticide treatments from natural controls outbreaks on those varieties
were possible While “strong resistance” such as in IR36 posed (probably from
its multi locus and/or pleiotropic nature) a long-lasting selective challenge to
BPH evolution rapid growth meant that insecticide treated populations

“broke down varietal resistance” faster than did untreated populations (11)

Natural control was the rule not the exception in tropical rice agroecosystems Many of the
anomalous resulls of earlier field experiments irying to confirm laboratory studies were
clear once the agroecosystem was presumed to have at least three trophic levels instead of
only two For example when enhanced nitrogen levels tripled BPH fecundity the
subsequent egg and nymphal densities still fell easily within the range of response of
predators in untreated fields {18) Higher mortalily compensated for the “pulse” of eggs
(25) Natural control for rice insect pests was a classic example of paradigm shilt because
it explained most things left unexplained by earlier theories The practical issue remained

if insecticides were essential to maintaining high growth rates in modern rice production

but insecticides destroyed natural enemies thus removing natural controls of BPH and if
BPIH populations evolved quickly enough to “defcatl” vanetal resistance then how could
BPH outbreaks be avoided in the Green Revolution? The route to an answer lay in work

being done with farmers by research economists
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323 Experiences with Farmers' Pest Management

Economists studying farmers management decisions often described acute problems with
rice pest management Their surveys demonstrated that most farmers in irrigated rice
areas used insecticides years before the release of modern varieties (Fig 39) These
insecticides from international assistance programs were distributed by agriculture and
rural development ministries Surveys showed that farmers perceived insecticides as
insurance rather than investment (26) IRRI analyses of trials in farmers’ fields in six
countries during the 1970s found that investment in insecticides did not as a rule increase
profits while investment in fertilizers did (Fig 3 10 3 11) (15,17,19)
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Fig 3 9 Percentage Philippine 'Rice Bowl farmers using insecticides (1952-84)
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Economists also re-interpreted entomologists field trials They found slightly higher profits
from insecticide use with the older modern varieties but very low profits and more often
losses from insecticides used on the later (1980s) modern varieties At the time this was
interpreted as the effect of “varietal resistance” — to unspecified insect pests — simply
substituling for insecticides The current picture (see Chapter 7 below) is that modern
varieties by their selected physiological growth dynamics especially tillering rates (37)
compensate for most insect damage The modern rice plant being sink-limited through
excessive photosynthetic capacity, grows well despite defoliation Recent IRRI studies over
25 to 36 seasons in Philippine farmers’ flelds with varying pest pressure showed that
insecticide s contribution to yield declined sieadily across years being not significant for
the latest 5 to 15 years Insecticides did not significantly reduce risk {estimated as the
variance in production across seasons) and contributed to yields less than 10% of the
contribution of either fertilizer or varieties (23,40)

These results were matched by the Intercountry Program s fiela demonstrations in the late
1980s in Philippines SriLanka Indonesia andIndia Insecticid.s do not inthe majorily
of intensified rice crops increase yield significantly and farm-<rs who reduce insecticide
use by 50 - 100% after IPM field training achieve lower variance — or risk — in production
than when using more insecticides Economists found the frequency of (untrained)
farmers insecticide applications not to be correlated with insect damage but with fungal
or bacterial disease symptoms or with nutrient disorders {34) Unnecessary applications
increase the chance that BPH outbreaks will be induced and sustained The bulk of data
from farmers fields shows that most if not all insecticide treatments in rice do not increase
yield nor decrease risk This resolves the dilemma of BPH in the Green Revolution the
problem was not BPH but needless insecticide use prompted by fear ignorance political

pressure, and aggressive marketing

Economists have for {iwenty years called for a general re-thinking of pest control because
their surveys kept showing that the effects of insecticides were not the same as fertilizers
They called for more work on “liming” of insecticide applications more reliance on
“resisiant” varieties more fundamental ecological understanding of pest problems in the
field and broader investigation of the impact of investment in insecticides on yield They
have consistently raised issues of environmental and health risks from pesticide use and
have been long term advocates of integrated pest management especially based on

understanding of local field conditions A 1990 paper from IRRI s economists concludes
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“second generation technologiessuchas inlegrated pest management aremore
knowledge inlensive and location specific than the modern seed-fertilizer technology
that was characteristic of the green revolution Productivity gains accrue to farmers
who have the ability to learn about the new technologies, discriminate among
technologies offered to them by the research system adapt the technologies to their
particular environmental conditions and provide supervision to ensure the
appropriate application of the technology (40) "

With no quantum productivity leaps from plant breeding or agronomy in view the call for
human resource development as the source of production gains is powerful and
persuasive Much of the Intercountry Program s work was intended to answer this call

usually with the BPH crisis as an entry point {o national implementation Policy changes
carried out with political will as exemplified by Indonesia set up supportive environments

for human resource development programs

324 The BPH Crisis in the late 1980s

3241 Indonesia

The IPM experience of Indonesia will be analyzed in Chapter 4 so this section will sketch
the BPH crisis and fis resolution as background to other couniries AsshowninFig 3 12
the area affected by BPH begnn to rise in 1985 becoming alarming in 1986 President
Suharto issued a decree on ITM as the national policy for BPH management in November
1986 This more than doubled field staff for crop protectlion sel aside funds for training
and equipping stafl and farmers endorsed other than chemical means of control and
banned 57 trade brands of insecticides {primarily organo-phosphates and pyrethroids hut
including other classes) because they killed natural enemies and caused BPH resurgence
(8) The BPH infestation shrank quickly largely from tactics that conserved natural
enemies (highly resistant though lower ylelding varieties for one season and very selective
treatment with a molting inhibiior but no other chemicals) and four years later there are
still no significant BPH infestations in the country It appears that varietal resistance (o
BPH is not an important factor for long-term BPH management because most areas are
planted with varieties susceptible to local BPH populations Aswell as banning 85% of the
rice insecticides the Government reduced and by 1989 eliminated insecticide subsidies

Aswell as saving over $100 million per year this reinforced the political signal that IPM had
replaced insecticides



26 3 BACKGROUND

3 2 4 2 Malaysia

Malaysia's rice agroecosystems concentrate
on its west coast much closer to Norith
Sumatra {a classic BPH agroecosystem for
Indonesia) than either istoJava Figures3 5
and 3 7 show how closely the well-monitored
TanjungKarangrice area near Kuala Lumpur
malched the pattern of Indonesia s outbreak
in the late 1970s (39) The pattern of the late
1980s was different and alarming (Fig 3 12

3 13) The area aflected by BPH reached a
near-record high in 1980 In contrast with
Indonesia s ban on organo-phosphatesinrice

a 1987 survey showed the majority of
apphcations made by Malaysian rice farmers
were organo-phosphates By 1990 an article
in the newslelter of the Malaysian Plant
Protection Society found monocrotophos to
be the leading insecticide used by rice farmers
m Tanjung Karang despite its official
restriction to ofl palm It was being marketed
in units of size more appropriate to small rice
holdings than larger oil palm holdings Most
farmers interviewed described clearly toxic
symptoms suffered while using the compound
(38) The MADA rice growing area of Malaysia

on the north west coast set up in late 1989 a
special BPH task force to plan and implement

new strategies for alarming BPH hot spots

3 2 43 Thailand
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Brown Planthopper Indonesia
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Fig 3 13 Hectarage infested by
Brown Planthopper Tanjung
Karang Malaysia 1985-90

Thailand has hundreds of organo-phosphate and pyrethroid insecticide brands registered

foruseinrice Thaifarmers grow forexport sowhen the world price of rice rose significantly
in late 1987 through 1989 they infensified their use of all inputs to take advantage of this
price Beginning in 1989 and peaking in 1990 was the largest recorded BPH outbreak in

\7
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Thal history, as shown in Fig 3 14
{46) While the recent drop in rice
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before his resignationinlate 1990 the ¢ 44

price removed farmers incentives to
boost production by uncritical use of
inputs BPH remains devastating For
the first time policy oriented
conferences including Members of
Parliament have been held {o discuss
the BPH problem and review the

experience of other countries Just

Prime Minister spent time every week 0 2 pm geem B
inspecting BPH infested areas '85 86 '87 '88 89 90

Fig 3 14 Hectarage infested by
Brown Planthopper, Central
3244 Vi
etnam Thatland 1985-90

BPH s a potentially dangerous insect pest of rice associated with in.ensive applications of
pesticides and sequential release of resistant rice varieties in Vietnam during the last two
decades The sustainability of sell-sufficiency and exportation of rice in Vietnam have been
affected The Review Team was told that the cost of pesticide procurement by the

Government has recently exceeded the national revenue earned from exportation of rice

Prior to the outbreaks of BPH the stem borers were the most common insect pests of rice
For controlling these endemic pests insecticides were introduced in the Mekong Delta
during the period of 1963 1966 Incidence of the BPH became evident soon after the
introduction of pesticides for stem borer control and hopperburn damage was recorded n
1964 1968 1972 and 1974 Eventually the first devastating outbreaks of the BPH
prevailed in the Mekong Delta in 1977 and 1978 These outbreaks were temporarily
suppressed by introducing IR varieties resistant to the BPH such as IR26 IR28 IR30 and

other similar varieties with the same Bph 1 gene

However varietal resistance of those varieties was readily defeated by the rapidly evolving
BPH population labelled biotype 2 Subsequently rice varieties were drastically changed
to new IR varieties such as IR36 IR42 and allied varieties which have' bph 2 gene" for the
BPH resistance in the BPH epidemic areas TR36 was seemingly effective in stabilizing the

BPH outbreaks In parallel chemical conirol measures were intensified by introducing
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new pesticides MIPC and BPMC were
distributed in 1979 and fenitrothion 300,000 -

carbofuran, and cartap became av ailable in

1980 20000
The BPH infestations were also gradually 200000
becoming serious in the Red Rwver Delta 50 .
around 1981-1982 after diazinon was

introduced in 1977 Outbreaks of the BPH 100,000
occurred in 1987 and 1989/90 (Fig 3 15)

50 000 1
In the Mekong Delta where IR42 and IR64 0 |z
were predominantly grown and insecticide '86 87 '88 '89 90
use very high the BPH populations evolved estimate
{o feed on those varieties (labelled biotype 3) Fig 3 15 Riceareainfested by Brown

and caused intensive hopperburn on the Planthopper in Vietnam (1986-90)

summer crop in 1988-1989

Al present diazinon methyl parathion cypermethrin and various other organo-phos-
phates and pyrethroid chemicals are widely used for treating fields with BPH as well as
other insect pests (leaf folders and stem borers) in the paddy fields planted with resistant
vaneties like IR66

FAO inthe 1970s and in a project entitled Strengthening Plant Protection Services’ which
commenced in 1980 drew attention to the value of strategic use of pesticides for plant
protection It was considered by the Missjon desirable for the Intercountry Program to
review the earlier advice from FAO to determine if recent {nformation from IRRI on the
economic status of rice herbivores that enter the paddies in the first 6 weeks would now
suggest that such early pesticide applications may not be necessary Indeed it is now
suggested that such early applications could contribute to the paucity of natural enemies
as observed by the Review Mission and the dangerously high abundance of BPH in many
of the rice paddies

It is believed by Dr Sogawa and Dr Kenmore that the unusual upsurge of the BPH
population in principal rice growing areas of Vietnam is a result of resurgence of the

population caused by excessive use of pesticides in the paddy ecosystem The following
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problems were elucidated as the probable causes of the BPH resurgence

1 Calendar-based repeated applications of broad spectrum and non-selective
insecticides such as BHC methyl parathion diazinon and other organo
phosphates which are well known t{o induce BPH resurgence in other
countries because of their non-selective toxicities {o natural enemies in the
paddy ecosystem These chemicals still are popular with the farmers because

of their cheaper prices and ready availability

2 Early season applications with the above pesticides to control minor damage
caused by leaflolder casewormn whorl maggol etc These pests rarely cause
yield losses but their conspicuous defoliating appearance (sympioms) easily
motivate farmers to spray pesticides triggered by very low economic threshold

levels

3 Recommendationof mixed applications of organo-phosphates and carbamates
with pyrethroids for BPH control These mixtures may give quicker knockdown
effects to the pest insects but at the same time they are more destrucine to

natural enemies

3245 SrilLanka

In the Maha (wet) season 1989/90 problems with Brown Planthopper were reported from
Polonnaruwa District in North Central Sri Lanka Area infested was 6320 ha with
hopperburn in 116 ha It was implied that the IPM program was responsible for this
“outbreak” (“Now that there is IPC we suddenly have a BPH problem, which we did not have
before IPC was introduced to the farmers " in the words of a high ranking DOA officer) and

therefore the Evaluation Unit studied the Polonnaruwa BPH situation in more detail

Surveys by the Evaluation Unit and analysis of pre- and post-evaluation results of earlier
IPM training for Polonnaruwa (Maha 86/87) indicate that farmers after IPM training
reduced the number of insecticide applcations by 20-50% (av 35%) How did IPM trained
farmers fare during this BPH “outbreak™ The resulis from the field survey on the BPH
problem show that while all farmers interviewed observed BPH (damage) in their field in
Maha 89/90 IPM trained farmers had significantly higher yields significantly lower
damage from BPH and significantly lower insecticide use than unirained farmers (Table
31
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Table 3 1 Areacultivated BPH affected area insecticide use and yield for IPM trained and

untrained farmers in the BPH "outlbreak' season in Polonnaruwa (Maha (wel) season

1989/90)

VARIABLE TRAINED UNTRAINED
FARMERS FARMERS

Area cullivated (ha) 181 179

% Cultivated area affected by BPH * 188 48 6

Number of Insecticide Applications 06 16

per season *

Cost of Insecticides in the season 229 24 736 37

(Rs/ha) *

Amount of Insecticide used in the 356 1526

season (ml formulated product/ha)®

Yield (kg /ha)*® 4654 3455

* means are snificantly different at the 1% level.

The untrained farmers’ mean yield was 3455 kg/ha on the average 48 6 % of their area

culinated was affected by BPH and their average spending on insecticides during the

season was 736 Rs/ha

Both this last figure and the average number of insecticide

applications (1 6) were much higher than those for untrained farmers in the earlier

surveys

GOW

In contrast IPM trained farmers mean
yield was 4654 kg/ha in large part due to
an average BPH affected area of only 18 8

40 -

% which canbe atiributed to a significantly
lower use of insecticides by trained farmers
as could be expecled from the earlier
surveys In fact farmers using no
insecticides at allduring Maha 89/90 (48%
of the {rained farmers interviewed) had an
even lower area aflecied by BPH 123 %
(f1ig 3 16) Mest certamnlv the untrained

farmers (with 418 6 % aflected) agrrnated

50 4

30-1
20 4

10 4

5 N R
TRAINLED UNTRAINED
No Insecticides  Insecticides
Inseclicides Used Us=ed

Fig 316 Area aflecied by Brown
Planthopper (% cultivated area) for
IPM trained and untrained farmers
Polonnaruwa Mnha 1989/90
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Table 35 Number of farmers and Lrainers that recelved IPM training Philippines

REGION FARMERS

1084 1985 1986 1987 1088 1989 1900 _TOTAL
1 103 621 2030 - 306 663 468 4,191
2 29 23 1548 528 2,819 5,499 882 11,328
3 464 2429 5,628 064 2,145 2,068 202 13,900
4 115 - 1624 5,998 1,748 442 233 10,160
5 265 1637 3,325 4,676 3959 2333 1,033 17,228
6 42 922 6323 - 4,640 3,325 1,151 16,403
7 - 480 1012 284 257 262 196 2,491
8 330 427 515 430 1012 1,786 576 5,076
9 - 83 2993 2729 B65 1 007 246 7923
10 - 811 7622 392 3 805 3013 1043 16686
11 84 2337 1028 2¢20 1 046 2,216 1,275 9,986
12 346 3879 6618 32788 10769 4 205 545 59150
CAR - - - - - - 527 527

TOTAL 1778 13649 40266 50789 33371 26819 8 377 175 048

REGION APT (Extension Workers) SMS Trainers
1987 1988 1989 1990 TOTAL 1987 1988 TOTAL 1984 86

1 1032 89 - - 1121 5 48 53 8
2 482 378 33 - 893 7 47 54 11
3 1606 390 1 996 11 50 61 28
4 824 100 64 - 988 5 100 105 12
5 789 129 28 10 956 8 60 68 7
6 791 167 131 - 1089 5 60 65 8
7 259 59 64 - 382 5 41 46 2
8 529 250 29 21 829 7 59 66 3
9 437 47 122 606 7 47 54 3
10 322 237 245 38 842 3 73 76 2
11 342 47 15 32 436 1 47 48 6
12 516 250 84 - 850 12 29 41 8
CAR - - - 114 114 - - - -

TOTAL 7929 2143 815 215 11102 76 661 737 98
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Fig 3 18 Total paddy production (million MT) in
program countries and the rest of Asla and the
World

Table 3 4 Nuinber of IPM {rained farmers and trainers in Program countries
Core Extension Exiension

Farmers  Farmers Trainers Trainers Staff Stafl
Trained Exposed Trained Exposed Trained Exposed

Bangladesh 1,500 5,000 25 200 700 250

China 5,000 140

India 50 000 50 000 50 5,000

Indonesia 60,000 80,000 600 1,200 15,000

Malaysia 2,500 38 000 25 500

Philippines 175 049 737 11 102 5 000

Sri Lanka 87,108 233 2,600

Thailand 45,000

Vietnam 860

Totals 382017 218,000 1670 400 13,142 27,750

Category Tolals 600 017 2070 40 892

A further breakdown of the figures are given for the Philippines, the country where the
program has had greatest penetration (Table 3 5)

9‘-:‘:‘@
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3 6 SOME VITAL STATISTICS
Rice production in the 9 participating countries represents about 80% of total world
production Table 3 3 provides summary statistics about rice production in each of the 9

countries, to assist the reader in placing much of the Mission's report into context

Table 3 3 Summary statistics on rice production (9)

Rough Rice = Harvested Yields Rice 1989 Total
Prod (1989) Area (1989) 1989 Households Population
Countries (‘000 ton) {'000 ha) {ton/ha) (millions) ® (millions)

China 179,403 32,400 544 129 1,117 2
India 107,500 41,500 259 30 836 3
Indonesia 43,566 10,304 423 15 177 8
Bangladesh 26 60C 10,630 250 10 1126
Thailand 21,300 10,256 208 25 549
Vietnam 18,100 5,860 309 10 65 6
Philippines 9 459 3 497 271 16 610
Sri Lanka 1,949 730 267 09 170
Malaysia 1,697 636 267 04 169
*estimated

In Fig 3 18the total paddy p.roduction (million MT) in the 9 program countries is compared
with total paddy production in the rest of Asia, and the rest of the world (excluding Asia)

A primary objective of the Intercountry Program is to train rice growers in IPM philosophy
as stated in more detail in Section 3 7 We summarize here statistics given by the Program

“on numbers of people trained so far under the following categorles trainers trained
farmers farmers influenced by laleral transfer of knowledge from trained farmers (Table
3 4)
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Table 3 2 Funding ($ x 1000) of FAO Field Projects (N = 2191)

Mean Standard Median Mode Regional UTF
Deviation

8179 1994 6 305 250 11,100 3.720

352 ifi fthe organization rengthening pr n for

promoting the IPM movement in Agia,

The organizational management tools that have golien the Intercountry Program to the

present point where this Mission can even talk about the possibility of millions of farmers

learning and practising IPM must be strengthened not shed and obstacles removed to

bettler service of the strong and exploding demand for IPM

1 The decentralization of operational and {inancial authorily plus administrative

processes to the Intercountry Program and subsequently to national program
operations

The design ol funciional suppori service posiiions at the Intercountry Program level
based on a stralegic assessment of required fulure levels of response capabilities and

task loads and mirroring program functlions at the country program level

The translation of the above assessment into a s{aff/personnel
rovering Phase III of the Inlercountry Project This plan will be closely linked with

human resource development programs at the national program level

The creation ofan anticipative management suppor{ capability within the Intercountry
Office that will be capable of providing on sile backstopping for evolving country
programs National program stalflf must be recruited and trained in the processes of
planning programming budgeting and administration sothat management structures

will be in place and ready to provide the gperational sinews for anticipated technical
program growlh



40 3 BACKGROUND

This leads to the construction of national IPM policy, creation and growth of national
steering bodies, and formulation of project plans for donor support A{ this point the role
of the Intercountry Program shifts from catalytic to supportive/responsive National
programs will demand a number of things, often afler comparing their management
systems with those of other national IPM programs The Intercountry Program also has an
institutional memory function, serving as a reference to the original context of national
policy so that those later joining are able to assess their progress

Once national programs exist, there will be agroecosystem units (rice bowls) where local
ecology, economics government language, and culture are shared These are the logical
units of field management, and logical unils to compare across Asia The Inlercountry
Program has a critical comparative role [acllitating national programs’ efforts {o compare
ecology, economics, training lateral spread, and operational management arrangements
between their specific rice bowls and those of other countries The Intercountry Program
will play a key role in developing the language used by national programs in interpreting
and understanding {hese rice bowls

16 -
14 - S
12 4 l
10 4
8 -
6 - B s
4. S
. i T B
UNDP India Netherlands UNDP Danida  JICA China  USAID USAID
(5 years) India (4  Bangladesh Bangladesh (5years) Philippines Indonesia
years) (S ycars) (6 years) (5 years) (2 years)

Fig 3 17 The 'pipeline” of National IPM Programs (US$ million)

Pump-priming through pilot field activities inventory and supply/identification of basic
IPM paris catalysis of national policles and programs marshalling donor support
documenting the lessons learned creating a language of interpretation all these will
continue across Asia as IPM spreads By simply responding sensibly to the spread of IPM
across Asia, the IPM Program has become the largest human resource development project
in FAO (see Annex 7, Table 3 2} and the sixth largest {ield project of any type (out of 2191)
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Much of the Program'’s experience with these experiments on scaling up was contained in
the voluminous background material presented to the Mission At the Mission Team's
request, this was summarized by Program stafl and is found in Annex F "The Mission
acknowledges that these alternatives routes to large scale IPM implementation need not be
mutually exclusive and that, in certain circumtances, it may be profitable to combine
elements of the varlous approaches "

356 EXTENSION OF INTERCOUNTRY PROGRAM AND STRENGTHENING OF
NATIONAL PROGRAMS

351 ]PMas aMovement

In the area of IPM program development, a number of interested constituencies are needed
These constituencies are eager (o achieve the same benefits for their countries as their
counterparts did in countries that created National IPM Programs earlier

Basic constituencies in each country

4] Farmers who master the IPM process and explain it {o others
Village workers (extension, NGO, etc ) who master the IPM process and explain
it to farmers, their colleagues, and their superiors

o Crop protection and economic experts (university, research institutes, Ministries,
etc ) who carry out and confirm basic field studies

o Non-Formal Education experts who develop empowering discovery learning
exercises

o Policy makers in or out of agriculture, who act on information delivered in the
context of national development stralegies and maintain working structures for
IPM field work

(o] Supportive donor communily

o Environmentally conscious citizens who create an atmosphere of concern

The pump-priming job of the Intercountry Program in each country is to identify, support,
and connect the basic parts of national IPM movements For some, the example of
neighboring countries is helplul in setting up their own national IPM The Intercountry
Program can help this with study tours As IPM field activities develop, the Intercountry
Program can help present results to other parts of the embryonic IPM network in each
country, often bridging bureaucratic or hierarchical gaps months or years faster than
ordinary channels
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Intercountry Program to present IPM as part of national development strategy before the
major donors of the development community This catalyzed donor support for larger-scale
IPM national programs and raised interest among national policy makers in essentially all

the member countries

Policy makers boosted support for IPM Thev increased funding and staffing from existing
resources Theydiverted funds{rom external grant and loan programs They proposed new
IPM projects and programs to larger donors such as UNDP They established interagency
task forces for for direct action They reduced or abolished subsidies for pesticides and

they banned or restricted specific chemicals for environmental and health reasons

Pohicy makers actions challenged IPM implementorsto scale up theirefforts Evidence{rom
thousands of farmers got policy makers to push national programs to reach tens and
hundreds of thousands But in the background of every decision was the image of the true
numbers of rice farmers tens and hundreds of mullions National policy decisions
established political will and indicated acceptable directions for growth and change

Benefits from national policy decisions have been quick and relntivelylnrge  Unlessmillions
of farmers however master field skills and solve field problems for themselves the impact

of policy will be blunted by commercial pressure and {ear

The Intercountry Program as well as

catalyzing the range of policy decisions listed above
providing in-countiry examples of IPM f{ield implementation
assisting national programs to share and learn from each other

accelerating the {low of useful research information and

¢ © © o ©

helping develop a common working language for planning monitoring and
evaluating IPM

designed and supported three experiments exploring allernative routes to large scale IPM
implementation These experimentstook place in SriLanka Indonesia Malaysia Thailand
and Philippines The three alternatives are IPM as part of the Training and Visit Extension
System - promoted for more than a decade by the World Bank IPM through Strategic
Extension Campaigns - an application of social marketing deployed by FAO in agricultural
extension and IPM through Non-Formal Education - an empowering approach rooted in

NGO and commumiy organizing {raditions
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practiced IPM showed ft to their neighbors and saved significant amounts of money (see
Section 4 4 below) Surveys group discussions and participant observation confirmed
that IPM trained farmers managed their rice crops differently from untrained farmers and
with greater confidence than they had before training Inorderto help trainers assess their
efforts, field skills tests like the “ballot box™ multiple choice exercise were designed tested

inrealfarmers training and adapted and adopted by nearly all the national IPM programs

Farmers were more excited {o learn to recognize predators in their own rice fields than they
were tosavemoney Much of their pest control spending had been for insurance rather than
investment so the discovery of whole armies of allied species in their flelds more than
satisfied their need for security With the confidence of better diagnostic skills and
reinforcement of protection by natural control rather than repeated applications of poison
farmers asked more and more questions about rice technology The initiative beganto pass
from extension workers (chasing farmers to meet assigned adoption targets ) over to
farmers (chasing knowledge about agroecosystems from extension and crop protection
specialists) Field skills training spread back up the hierarchy as extension and crop
protection systems moved to meet the demand for better equipped field staff to deliver

training in farmers fields

The Intercounirv Program calalyzed this transformation from applied research and
surveillance to field skills traming then helped counterpart agencies respond {o new
demands Country by couniry crop protection units redefined for their mother agencies
and outside observers the indicators they preferred to judge their performance Farmers
trained production costs saved and net profits increased became more acceptable
fndicators as did the quality of the predator communities in rice fields Administrators and
policy makers began to take note When the budgets proposed for crop protection units
included more funds for field {raining and less for aviation fuel policy makers understood
that human resources rather than infrastructure was being developed They took the

lesson and acted

343 Demand for IPM Takes Off — The Challenges of Scaling Up

Policy makers first saw IPM as a better way to do pest control and ensure rice supplies but
then they saw IPM as part of something larger rationalized economic development IPM
became a small but visible cormerstone for national development strategies answering (he
more widely and more deeph felt concern for environmentally sustainable development

The 1988 meeting of the Intergovernmental Group on Indone sia allowed Indonesia and the
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the network of counterparts saw IPM as {he properly of pest surveillance systems They all
used a common technical vocabulary but there was no connection yet with development
The Intercountry Program was a project-style mechanism for specialisis from different
countries o meet each other talk share experiences and compare perceptions The first
activities of the Program workshops on Surveillance and Ficld Trials exercised these

welcome opporlunities

Good crop protection technology from research institutes languished solong as farmers had
not developed field skills Until farmers could recognire predators and understand their
ecological role fear compelled them to treat crops with pesticides needlessly Farmers
wasted host plant resistance when they treated rice varieties with insecticides These
treatments killed natural enemies of rice pests inducing resurgence and more rapid
evolution of phenotypes able to feed on resistant varieties Governments relying on large

scale multiplication of resistant varieties for pest control did not receive timely feedback on
the field performance of those varieties When pest evolution “overcame” that resistance

governments were caught in dangerous delays in replacing the varieties Fear pushed
governments to overuse pesticides by entering into national contracts with chemical

companies price subsidies and large-scale {(often aerial) applications

The Intercountry Program began field work farmers discovered and practiced IPM field
skills and new possibilitiesemerged Crop protection units could foresee moving away from
a “Fire-Brigade”role Extension workers and farmers with IPM field skills meant potentially
threatening pest situations could be properly diagnosed and quickly managed locally
There could be fastier more accurate feedback from the field on performance of varietal
resistance pesticides and other crop protection materials Betler information could filter

up the surveillance system and the coverage of the systemon the ground was much denser

Field demonstrations showed IPM (o farmers and extension workers but field skills came
only with practice Field skills training where farmers and extension workers watked

talked touched and thoughtiogether in rice fields with crop protection specialists became
the crux of the Intercountry Program Itwas nol ens, It took a whole season of distributed

praciice - more than 30 hours of field time - for people to master the skills

3422 Farmers take IPM for themselves

National programs {hat invesied i field <kille {raining were surprised hy farmers (26)

Farmers exceeded the field skillc of eviension workers after one solid scason  Farmers



Recognition of the place of IPM in rice pest management 35

1 Grow a healthy crop (one that is agronomically tolerant) including
selection of the best variety with locally appropriate resistance

2 Conserve natural enemies

3 Use selective pesticides only when frequent field monitoring
confirms an unfavorable ratio of natural enemies to herbivores

4 Farmers become IPM experts

34 EVOLUTION OF THE INTERCOUNTRY IPM PROGRAM

341 PreOperational and Phase One

The Intercountry Program was “jump-started” by Australia Funds from the Austrahan
Freedom from Hunger campaign and ADAB supporied the 1978 Expert Consultation in
Bangkok where the original seven member countries {Bangladesh, India Indonesia

Malaysia Philippines SriLanka, and Thailand) met {o agree that an Intercountry Rice IPC
Program was desirable Shortly afier that meeting the first intercountry training course
on IPM for rice was held in the Philippines with support from USAID and participation of
IRRI FAO and the Philippines Bureau of Plant Indusiry Australian funders also
supported critical preparation and formulation missions (by D Bottrelland T Hogan) thal
prepared draft project documents Then Australia established the first Trust Fund for the
Program agreeing to a five-year workplan with annual contributions from ADAB This

allowed the Program (o hire its first officer {J Lowe) and hold four intercountry meetings
After two years the Program received funding from the Netherlands in the form of a 5-year
trust fund Second and third officers were hired and the Program began fleld activities in

Philippines Malaysia and Sri Lanka

342 Transformations during first vears of field work

3421 From applied research and surveillance through fleld demonstrations to
training

The Intercountrv Program s forinders did not foresee IPM becoming the property of farmers

The project document writers saw IPM as the property of apphied entomological researchers
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heap of different foods on a single plate Both China's and IRRI s IPM lacked unifying
principles so there was no way tojudge the relative importance of the “Components™ Most
national research programs through the 1980s were stuck in this phase of pin-pang

uncritical imitation of sub-disciplinary concerns wasted resources and time

One interest group that has benefited greatly from this self inflicted loss of direction has
been the chemical industry So long as IPM researchers can be set chasing impossible and

low priority goals IPM appears to outsiders to be too complicated or too risky

Pin pang cripples IPM research but the “Technical Package” produced by pin pang further
faxls to come to grips with the scale of local variability found in {ropical rice agroecosystems
Insect densities can vary by factors of 1000 across less than 10 meters distance in the
tropics Insect densities can vary by a factor of 100 across durations of less than one week
Insects in the tropics have 15 or more generations per year Every nice paddy can be
managed optimally and differently from its neighbors Secondary pest resurgence can be
started by mismanagement in one rice paddy and spread out toneighborsin days Therates
of change in time space and genetic composition are orders of magnitude faster than in

femperate zones where component-based packages originated

Whnt is the answer to this variahility? Natural population regulation Biological conirol
of insect pest populilions in tropical agroecosystems takes the place of climatological
controlinthe{emperatezone Naturalenemypopulationsrespond numerically functionally
and evolutionarily {o changes in prey populalions As IPM moves from temperate to the
tropical zones for any cropping system biological control is the only factor thal keeps up
with biological variability in pesis IPM{ortropical rice asfound earlierwith IPM for {ropical
plantation erops must build on biological control as its foundation It must be very careful
notl to disrupt thal biological control with insecticides cultural practices or other

management errors There are no winters to rely upon

With biological control as the ecological foundation itbecame possible for boththe Chinese
and the Intercountry IPM Programs to establish principles forIPM They converged on very
similar principles (box) These principles were applicable in the entire range of rice farming
svstems They are pot a “Package” They do reflect consensus on a paradigm for rice IPM

The paradigm presumes that the rice crop can compensate for most feeding damage by
herbivores especially early in the crop It also presumes that communities of natural

enemies are competent to control herbivores in the majority of crops
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This system was advised by J Lowe who worked for IRRI and saved tens of millions of
dollars by the simple rule that any report of tungro infection in rice had to be confirmed on
the ground by a trained plant protection specialist before aerial application was authorized

This was probably the largest program of judicious use of insccticides in the world up to that
time Many other Asian countries later set up pest surveiilance systems oftento help crop

protection units defend themselves from legislative criticism

In 1974 the FAO Panel fielded a consultant, M Way, (o look exclusively at prospects for rice
IPM He met not only researchers bul many representatives of the stafls of national pest
surveillance systems His report {(45) was the first concrete map of the implementation
territory of rice IPM His mission started Asian plant protection services and research
institutions talking about IPM as a logical response to problems such as rice tungro virus
and brown planthopper The Panels discussion of this report then allowed Waterhouse to
begin searching for funds from Australian sources to support the preparation of the
Intercountry Program

333 Emergence of the IPM Paradigm

China and IRRI were the two centers of research on IPM for rice in the 1970s Both grew
from work in distinct sub-disciplines like pesticides cultural controls varietal resistance
or biological control so they defined their IPM work in terms of “IPM Components”™ In both
systems “Components” were conglomerated into “Technical Packages™ These still had
identifiable sub-disciplines e g
'Resistant Variely IR26

+ Economic Threshold Levels 10% deadhearts

+ system insecticide carbofuran

+ synchronized planting

+ stratified random X-shaped sampling method + ~
and it was not clear which elements of the “Technical Package” were more and less
important Were three components enough to call the “Package™ IPM? Were two
components enough? This kind of thinking led researchers economists and extensionists
to conclude that “IPM must be too complicated for farmers to ever use especially poor

uneducated Asian rice farmers” (12)

This conclusion was wrong but sowasthe approachof slapping together IPM "Componenis”
into a “Technical Package™ In recent reviews of their own IPM development Chinese IPM

leaders (49) have characterized this period of thinking as pnt pang—meaning an unattractn e

P



32 3 BACKGROUND

yet achieve yields no higher than China where insecticide costs are below one tenth of
Japan's The total costs of crop protection - surveillance information distribution and

pesticide treaiments - in Japan exceed US $2 billion per year

IPM in the Asian tropics was consciously bullt on biological control Work by G Conwav
M Raoand B Wood (4,41,47,48) and their colleagues in cacao rubber ofl palmand other
Asian perennial crops began in the 1950s In each case overuse of broad spectrum
insecticides released secondary pests and created calastrophic outbreaks Biological
control was in all these cases considered the primary population regulating force This
presumption was amply supported by examples from the tropics of classical biological

control in coconut and sugarcane from the 1920s

At the same time the overuse of insecticides by cotlton growers in the Canete Valley in Peru
eliminated cotton as an economically viable industry Only when control measures were
designed to conserve indigenous naturalenemies of insect pests and insecticide applications
nunimized could cotion be grown The cotlon experience wasrepeated in Northern Mexico

Nicaragua Sudan and India and cotton IPM became {he best known example of IPM in
developing countries (44)

332 The FAO Panel of IPM Experts and IRRI

The FAO Panel of Experts on IPC/IPM convened in 1966 Much of their early discussions
focussed on basic ecological understanding in relation to pest population regulation and
the applied example of cotton Rice was championed from the early meetings of the Panel
by D F Waterhouse of Australia who felt the human investment in rice far exceeded cotton
and represented a bigger challenge for IPM in developing countries Only in 1971 was a
consultant R F Smith f{ielded by the Panel to visit Asia While Smith’s mandate was to
cover the prospects of IPM in a range of crops including coconuts and tea, he was especially
concerned about the consequences of the Green Revolution in rice  His mission report and
subsequent Presidential Address Lo the Entomological Society of America were the first
published recognition of the necessary role of IPM in tropical rice {(44)

Entomologists at IRRI began to talk and write about IPM after Smith s visit Their work
remained channeled in sub-disciplines like host plant resistance and chemical contirol but
lacked the unifying ecological basis that IPM requires  IRRI wns involved in a practical
example of pesticide management in Indin in the early 18705 A rice {ungio virus

surveillince svstem was set up to improve the efficiency of aerinl insecticide applications



Emergence of Rice Brown Planthopper (BPH} 31

the BPH situation in their fields by their high insecticide use, creating resurgence of BPH
the BPH situation in their fields by their high insecticide use creating resurgence of BPH
The increase use of insecticides might be due to fear of BPH or other pests during the season

These results clearly show that IPM is a solid reliable method of pest management ghing
farmers the tools to imit the incidence of BPH in their fields Moreover, the benefits of
practising IPM are obvious trained farmers not only spent an average 507 13 Rs/ha less
on insecticides than untrained farmers but also earned an estimated 4800 Rs/ha more on
their crop through an increase in yield (1200 kg/ha yield increase times an estimated farm
gate price of 4 Rs/kg)

3246 Other Countries

India and Philippines both had small intensive BPH infestations in 1990 for the first time
in over 5 years Both were in areas using organo-phosphates and pyrethroids BPH is
considered the major insect threat in many parts of China especially as the chlorinated
hydrocarbon insecticides were replaced by organo-phosphates throughthe 1980s Interviews
with farmers reveal the classic patiern of {reating early season defoliation symptoms

followed by BPH in spreading waves of hopperburn with treatment

The experiences of Asian countries in 1990 showthat BPH inrice is still a crisis with political

implications The experience of Indonesia shows that it does not have to be
3 3 RECOGNITION OF THE PLACE OF IPM IN RICE PEST MANAGEMENT

331 IPM Prior to the FAO Panel of Experts

IPM for rice was pioneered by K Kiritani and colleaguies in Kochi Prefecture Japan in the
1960s (29,30) They worked extensively with rice growers who were convinced after strong
initial skepticism that IPM benefited them more than regular insecticide applications for
stemborer control Y Ito and colleagues had demonstrated secondary pest resurgence of
planthoppers and leafhoppers in the early 1960s (24) Insecticide resistance and dangerous
residues were recognized so that by late 1969 chlorinated hydrocarbon insecticides were
banned in Japan Much of Japanese rice pest management relies now on an elaborate
monitoring and forecasting system funded by the government The extremely high domestc
price of rice (6 10 times world) in Japan kept the domestic market for insecticides inflated

Japanese farmers apply hundreds of dollars per hectare of insecticides to their rice hields
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Clearly. it is not possible {o independently validate these slatistics, nor was it the intention
of the Mission to attempt to do so However, the Mission was particularly interested in
interviewing representatives from each of the categories to get a feel for the nature and
quality of training and extension, any variation in the knowledge package involved from
country to country, and how eflective was the lateral spread of IPM knowledge from trained
farmers to untrained farmers It is not practicable for any extension program to directly
train of the order of 200 mfllion rice farmers throughout Asia To achieve its target in real
time, we are really talking about an infectious ‘IPM extension process' rather than a
conventional program Consequently the efflicacy of lateral spread of the IPM philosophy
and the integrity of the message during this spread, were of special interest to the Mission

37 THE IPM MODEL

The ulltimate goal of Integraled Pest Management is a dramatic shift in the model or
paradigm, that guides people s decisions about pest management Changes in people’s
beliefs about pest management are sought along three dimensions the operational
objective, the main means used to manage pests, and the primary decision-maker in the
process The table below summarizes the shif that is sought

Dimension Existing Beliel New Belief
Whalt to do Kill the pests Manage the ecosystem
How to do it Use chemicals Use natural enemies first,

and avoid chemicals, except
as a last resort

An extensive body of research evidence on rice farming in Asia provides evidence that this
shift in beliefs about pest management wil' produce yields at least as lugh. as witn pesticides

sustain the environment and improve the health of farmers Central to the Intercountry
Program s efforts has been the goal of bringing about this paradigm shift among agriculture
policy makers agriculturalists and farmers throughout the region Below, this report will
summarize the quantitative and policy achievements that these changes in attitude have
produced The Program s accomplishments to date must be considered as the first steps
towards converting 200 million rice farmers to a new way of thinking about the management
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of pests in agriculture The experiences of the Program across the nine countries visited
by the Review Team and each country s current sttuation with respect to pest management
have suggested to us an outline of the change process required to convert a nation to
integrated pest management We present this outline here as a framework within which
to think about the luture of the Intercouniry Program There are three constituencies
involved in the change process traditional agriculturists, farmers, and those who believe
in integrated pest management The diagram included below outlines the activities of the
Intercountry Program over time Set against these activilles are the stages that the
traditional agriculluralists and farmers go through as they shift to a commitment to IPM

Also Included is a chart (see next page), prepared by Program staff, of IPM milestones and
the progress in each country

The summary observations on each country in Section 5 of the report will indicate roughly
where each country is in this process of change All have starled to change Some like
Indonesia, the Philippines China andIndia arewellalongtowardsconversion Others, like
Vietnam and Thailand, have not progressed as far The country reports also summarize the
contributions made by the Intercountry Program in each national setting We hope that
the reader will be as convinced as the Review Mission is of the significance of these
contributions towards changing the way agriculturalists and farmers in Asia think about

pest management

Much has been done but much remains {o be done Some countries have yet to make the
policy and resource commitments needed to produce large-scale adoption of IPM Pakistan

Korea and other countries have shown inlerest recently in joining the network And the
technologies and methodologles for implementing integrated pest management eveninthe

most commitied countries still need to be improved
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AN OUTLINE OF THE IPM CHANGE PROCESS

MAIN ACTIVITIES OF
INTERCOUNTRY IPM

PROGRAMME

Policy lobbying

Sponsor/Conduct
research and field trials

Support for the national
dissemination strategy
Providing continuing
information on pesticides

Provide continuing
information on IPM
Monitoring national
program and sharing with
other countries

Provide information and
advice as requested

NATIONAL
RESPONSE

Agreement to exploration
of IPM

Interest in results

Reduced pesticide subsidies
and/or sale, Farmers viewed
as marginally capable
decision-makers

Government stops
subsidizing and/or selling
pesticides, Agriculture
officers coine to view
farmers as decision-makers

Full dissemination of IPM
through formal and
informal means

RESULTS WITH
FARMERS

None

None

Larger pilot areas

established, Farmer
demand for services
begins to be noticed

"Going to scale” Large
numbers of farmers
adopt IPM

More and more farmers
become sell-sustaining
learners as farm
managers



Table 3 6 IPM Milestones

IPM MILESTONES

Mult!-Site IPN Multl Site

Major Finascisl Commitments

Commitzient by Policy Makers

Informed Constituencies-
Outside Agriculture

Economic Case Model to
Studies Reproduce Results

Pilot Site Pilot Site
DemonstrationExtension/'

Farmers In IPM Sites

IPM Tool Box

Vision of IPM
Pest Outbreaks

Education for Empowermeat

SUMMARY OF IPM MILESTONE BY COUNTRY

_Bangladesh  Chins  India  indoneda Malsysia  Philippines  SriLanka  Thallmd  Vietnam
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(1900t 1987 1987
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41 THE NATURF OF THE BENEFITS FROM UPTAKE OF IPM PRACTICES

The Review Team considers that benefits flowing from farmer adoption of IPM can fall under
the following broad headings

o improved profitability in the short-term arising from reduced inputs and
higher yields

o improved product quality, via reduced pesticide residues (this outcome can

have both economic and health consequences)

o improved occupational health of farmers

o improved sustainable agriculture, and therefore long term economic and

human benefit

o reduced environmental contamination, wilh economic, health and cultural

implications

These benefits will only accrue to the extent that farmers alter their existing practices The
benefits will therefore be dependent on the number of farmers that take up the IPM
philosophy, on how quickly the changes in pest control practices occur, and on how
extensive and durable are the changes in farming practices

Farmers' adoption of IPM can occur via iwo mutually reinforcing routes

o airect farmer training through extension and the lateral spread of the
knowledge and practice from trained {o untrained farmers

o] central policy changes by governments the implementation of which will
influence farmers practices directly and indirectly but which alsoresult in a
more eflective expenditure of public funds For example, a policy change by
Government might relate to a subsidy affecting product price, abanonthe use
of certain categories of pesticides or restricted advertising of pesticide
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products The policy could be more prescriptive, such as Presidential
(Indonesia, Philippines) or Ministerial (India) decrees declaring IPM as national
strategy

The individual country reports in Section 5 summarize information collected on the benefits
to date in each country This section concentrates on analyzing the benefits that have
stemmed from policy changes by National Governments reflected through decrees or
macro-economic reforms concerming pesticide usage These benefits have been considerable
and are easier to quantify than the aggregate benefits from the extension program itself We
also describe the linkage between the Intercountry Program and the central policy changes
so that it becomes possible to identily the impact the program has had in bringing about
the relevant policy changes

An analysis, with any degree of precision, was only possible with Indonesia where national
policy changes have been the most profound and the best documented We ther fore treat
Indonesiaasa séparate case to {llustrate that the program has more than hand.,omely paid
for itsell if we consider the benefits accruing to that country alone We then list some of the
significant policy changes by other recipient Governments and suggest that a group with
more time and specialized expertise than the FAO Mission be encouraged to conduct a more
comprehensive analysis of beneflts flowing from policy shifts In our comments on the
future of the Intercountry Program and its relationship with emerging national programs
we draw on the conclusion reached in this section about the need for good understanding
of the principles of IPM and strong support for ils application via flrm policies by National
Governments

Information and conclusions contained in this section and Section 5, we hope, will show
FAO, donor Governments, therecipient countries and other potential donors that investment
in the Intercountry Program has been, and will contlinue to be of substantial benefit to

farmers and consumers, and o the community generally, in Asia

4 2 THE INTERCOUNTRY PROGRAM'S CONTRIBUTION TO POLICY CHANGE

IN INDONESIA
421 The Program's capabllity

Those who meet Peter Kenmore and understand ecology and rice come away with the



Policy change tn Indonesia 81

impression that his intellect and grasp of these fields are formidable Those who have
worked with him and his stafl realize that they are in continuous communication with an
“invisible college” of advisers, consultants, resource persons and scientific dependents and
students that includes virtually everybody worldwide who does anything with IPM and rice

In a wider circle surrounding this group of the invisible college there are many key people
in extension, education, environment, community development, development policy and
administration tangentially involved with program issues Add to these the impressive
string of Asfan policy makers ready to recelve a phone call from Dr Kenmore or to open a
meeting if asked on short notice All these people are communicating in this network
because the issues are stimulating and the Program has a very strong sense of purpose

But this network is much more than an information system People in the Intercountry
Program are connected with rice fields, with real people working these fields, and with
committed people from farmers to policy-makers They form a network in which real
knowledge about real events and their conditions of change in a economic and environmental
field important across Asfa flow in real time and with real impact Vita! bits of information
on insect ecology often travel from places that official knowledge networks such as
publications and libraries will never reach to a field researcher in an Indonesian rice field
within hours after they have been picked up This saves years of knowledge dilfusion eflorts
and has changed the direction of research programs throughout the region to make them
useful for pressing needs

Trying to make IPM work in Asian rice is politics Policy extends from the farmer group
meeting where the extension agent wants a list of chemicals to be bought on credit from the
local coop to the level of national economic policy with its continuous conflicts on resource
allocation in a context where the powerful chemical industry's well-being is at stake

Politics works in real time wherc a week is a long tine Any activity funded by an IPM rice
program in Asia is politics whether the people engaged in it are aware of this or not The
elusive but decisive art is to use small resources skillfully within this flow of political
currents to create data knowledge support groups and demonstrable results that allow
people who have learned understood and are convinced to speak up about these results
When this process of generating support based on fact and conviction and the political
process in a country become fused, power{ul change becomes possible

The Review Team believes that the key to the Inlercountry Program s impact in Indonesia
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has been the fusing of the “invisible college™ with the political process to create the
conditions for IPM to become Government policy for rice growing

4211 The Indonesian experience

The importance of rice in Indonesia and the importance of rice in Indonesian politics can
hardly be overestimated It is also clear that in regard to rice IPM Indonesia was the weakest
country in Asia in the early eighties To an outside observer, this was so up to the day
Presidential Decree Number 3/86 was announced on November 5, 1986 To many
observers, even at that time, it was hard to believe that the Indonesians could be serious
about reducing pesticide use, and that they could possibly succeed in turning around a
well-entrenched Program of subsidies and overuse, even with impressive political fanfare

From the inside the story was different Already long before the decree, Indonesian
economic policy makers became concerned aboul possible future risks to food security from
prest and disease outbreaks, even al a time wlhen Indonesia received official honors from
FAO for its achievement of rice selfl sufficlency The memory of the devastating Brown
Planthopper (BPH) outbreaks in tlie late seventies was still fresh, and new outbreaks which
could be expected because of even higher pesticide use and a strong increase in per-hectare
yields would be economically and politically devastating

In the mid eighties, data on these concerns indicated that there was in fact a likelihood of
a new wave of BPH outlbreaks that would be much larger than in 1975, and that the
massively increased pesticide load in the rice ecosystem resulting from pesticide subsidies
in the intensification program was the main cause of this situation

The Intercountry Program had already communicated that there was a way to reduce this
kind of risk, and that was through Integrated Pest Management Furthermore, information
existed that it would be possible and feasible to train Indonesian rice farmers in IPM In
short a rough but convincing piclure emeiged of an altemative and much safer future for
riceinIndonesta that was in line with the new thinking about sustainability in development
The IPM alternalive was also in line with the conviclion of the country’s economic policy-
makers that the economy had to be deregulated and that considering the new information
about risks to rice production, subsidies on pesticides were seriously distorting economic
development
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However, there were serious polilical risks associated with advocating such a strategy of
radical and unprecedented change There was simply no other rice ecosystem of the size
and type of Java that had gone through the proposed abrupt changes Eventhoughthecase
seemed convincing in the seminar room, there was nobody who could present data to show
that it would work at the scale of 4 million hectares of rice--at least not at the speed and
with the level of control necessary Any setback in implementing the new strategy would
inevitably be used to advantage by alarge and well entrenched pesticide lobby Itwas when
the new wave of BPH outbreaks in ceniral Java threatened national production and
possibly political stability that policy-makers were able to take the initiative

It seems evident thal a polilical climate such as this needed to be very well understood for
the Intercountry Program to have any positive influence It contained great potential for
positive change but the stakes were high and playing by the rules of a technical project
would have been safe but unhelpful and unproductive

4 212 Whatdid the Int-rcountry Program do and how did it influence the changes
in Indonesia?

Avisit of a few days to Indonesia is certainly not suflicient to answer that question and we
understand that information on much of the internal workings must remain with
Indonesian policy makers and experts But what we have learned and confirmed by

checking with a number of resource persons is fascinating and impressive

The conditions under which the Intercountry Program in Indonesia had tooperate up tolate
1986 were appallingly difficult The counterparl direclorate was a key force in supporting
the overuse of pesticides To have the small and apparently naive group of IPM believers
operate there was convenient cover for the real job to create larger and larger flows of
subsidized chemicals That the Piogram survived under these circumstances and that it

aclually converied a number of people in that system was not small achievement and it
created a bridgehead for IPM in that environment

In fact the really imporiant contribution was to use that small and tentative foothold to
bring the ‘invisible college to bear upon the crisis that was unfolding It is confirmed by
one of our members who was also a senior colleague of Dr Kenmore during the late
seventies, that informal contacts and consullations beiween stall from economic policy
institutions and Dr Kenmore began in 1985 The ‘invisible college was used to feed

\‘%@
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information into these channels, and the Program s Asian and international network served
as the communications link and clearinghouse that significantly influenced the emerging
concepts of rice IPM for Indonesia as laid down in the Presidential decree in 1986 INPRES
3/86 It should be stressed that these consultalions provided considerable risk to the
program as counterparts and the technically oriented FAO system would have interpreted
this assistance as “talking to the other side ~

4.2 1.3 Did the Intercountry Program create INPRES 3/867

Emphatically not This was an internal Indonesian affair but the Program through the
‘invisible college’ made concepts and links to expertise available that would otherwise have
been diflicult to obtain under the constraints of time and the political environment It also
made certain elements in the decree stronger, such as the emphasis on the need to train
extension workers and farmers “in such a way that they will be capable and willing to
practice correct pest control” This paragraph of the decree recognizes the pioneer work of
the Intercountry Program in demonstrating that it was indeed possibl- and feasible to train
farmers in IPM In the final run to the deadline the Program also helped to provide
insurance to top level policy makers that what they were planning to do was in fact backed
by an expert group with high international credentials

In a meeting with the Minister of Development Planning Dr J B Sumarlin before the
decree was issued Dr Kenmore presented very recent resulls from the {irst multi-province
training of extension workers and farmers in field IPM in Indonesia conducted during May
to Septemberof 1986 These trials showed a reductionin pesticide use from4 5 applicalions
to 1 9 applications with increasing ylelds The trials were entirely funded by the program

Resulis like these were exactly (o the poinl there was [ndonesian evidence that the experts’
contention that BPH outbreaks were triggered by insecticide overuse were true The
advocates of the status quo had argued that {f peslicide use were to drop ylelds would go
down, and Indonesia would have to revert {o importing rice again

When INPRES 3/86 was declared the country was on the brink of a devastating BPH
outbreak The peslicide subsidy was aboutl 75% of unit producer cost and an unhealthy
nexus of vested interests, bureaucratic manipulation and ignorance existed Subsequent
changes were impressive
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o Six months later the BPI! oulbreak was under control with losses much lower

than even oplimists werc willing {o predict

o Twoyears later the pesticide subsidy was abolished, taking an extremely lucrative

US$100 ++ million per year business a vay from a well entrenched and powerful

industrial lobby

o Two and a hall years later t'1c Notional IPM Program was launched

o Four years later rice produclion !s vp to the highest level in Indonesian history
pesticide production is down 67% (Fig 11 41 2) and in 1990 (he National IPM

program has grown from a concept to probably the most successful IPM program

in the world
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It 1s in this period since the decree that the role of the Inlercountry Program has become
much more visible and beltier documented The following list of events and of the policy
results linked with them provides an outlline of the Intercountry Programs involvement
over the last five years

March 1986. The Program sponsors a number of BPH specialists, including an Indonesian
academic sclentist, to allend a meeling in Malaysia in conjunction with the Malaysfan Plant
Protection Society s Congress Plans are made to hold an international workshop on BPH
modelling later the same year AnIndonesian delegalc offers to hold the workshop at Gajah
Mada Universily In Yogjakarata where “there is a lot of BPI™ The meeting agrees and the
workshop is held in Yogjakarta in early December 1986 The Intercountry Program is {ully
aware thal having the meeting in Indonesia is politically sensitive but important and

therefore supports this venue and over 75% of the costs of e workshop

December 1986, The planned International Workshop on BPH Modelling is convened in
Yogjakaria just 3 weeks afler INPRES 3/86 The meeting with 35 inlernational experts in
this field becomes a highly visible stage {o express world support for the new policy The
thenJunior Minister for Agriculture Wardoyo opens the meeling At the end ofthe meeting
Minister Wardoyo accompanies four delegales [rom the workshop Dr K Sogawa from
JICA Dr J Perfect from TDRI Dr M Shepard [rom IRRI and Dr P Kenmore from FAO to
a meeling with President Soeharto in which the four delegates confirm the strong support
and enthusiasm of the technical world of IPM for the new policy This meeling was widely
publicized

April - June 87, The Intercountry Program funded and provided guidelines for training of
200 IPM ‘master trainers It is from this pool of trained pest observers in the Ministry of
Agriculture that the core trainers of the National IPM Training Program were later recruited

July 1987, Resulls from research station field trials al Gajah Mada Universily showed
higher yields, 100% higher predator populations and 75% lower BPH populations on
pesticide free flelds Senior Indonesian sclentists communicated these results {o policy

makers The Intercountry Program funded and supported this research

May 1988, Results from a new [armer training field trial with largely improved methodology
and beller prepared trainers (see above) come in and are inunediately processed for quick

"\33



, Policy change in Indonesia 57

dissemination The 2250 farmers receiving training made a drastic reduction to less than
0 5 insecticide applications per season from the pre-INPRES 3/86 level of more than 4
applications per season Yields are higher than in 1986 This provided strong proof that
farmer training is possible and highly profitable [he Intercountry Program funded these
trials

June 1988 Dr Kenmore is tnviled to join {he annual meeting of the Intergovernmental
Group on Indonesia (IGGI) in The Hague to briefl {hie members on Indonesia s efloris in rice
IPM This presentation at the main venue for the international donor community for
Indonesia draws enthusiaslic responses [rom delegales Pressconferences by Dr Kenmore
in Rome Washington and The Haguc in conjunction with the IGGI draw strong positive
response from the international press An inflluential member of the US congress the
Honorable D Obey uses material from a Washingion meeting with congressional staffers
o enter a motion commending Indonesia s policy commitment into the US Congressional
Record Indonesia’s Coordinating Minister for Economic Affairs Drs Radius Prawiro the
Minister for Development Planning Dr Saleh Afiff and the Senior Economic Adviser to the
Government Dr Widjojo Nitisastro witnessed Dr Kenmore s briefing at IGGI

August 1988, The Minister of Agriculture Wardoyo who asJunior Minister had led the four
scientists to the meeting with the President atiends a National IPM workshop in Baliwhere
field resulls from farmer training trials are discussed The fact that the Minister would go
to Bali for a relatively small meeting like this and the fact that the small crew of IPM
supporters in the Crop Prolection Directorate the outcasts of [ormer times were now
honored by a ministerial visit was another significant signal of change and of new

possibilities

October 1988 - December 1988, About 4 months afler the IGGI meeting the pesticide
subsidy is reduced {0 40% and three months later it is completely abolished It is without
doubt that the results produced by the Intercountry Program from late 1986 on have
influenced this turn of events Program funds were uszd in such a way as (o produce whnt
was needed in terms of hard data and malerials that could be used to demonstrate the
viabllity of IPM The Intercountry Program s sensitivity Lo political contex! ils capacily to
anticipate what would be needed nexl and Lo work {o exhaustion (o produce resulls and
Dr Kenmore s superb skills as a communicaltor and a motivator all {ogether helped to

produce what is now the National Program in rice IPM in Indonesia
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October 1988 {0 June 1989, The Program supports a consullancy for Dr Kevin Gallagher
to prepare a curriculum and (o generally lay the ground work for elements of the planned
National Training Program Without this preparation the National IPM Program could never

have met its deadline for the [irst season s training

June 1989 to November 1989, The program advances money Lo Dr RussDiltsand Dr Kevin
Gallagher out of Intercountry funds as bureaucratic delays make it impossible to pay their
salaries from Natlonal Program Funds This flexible response ensured that during the
sensitive first six months of the project progress was suficient {o convince people that the
Program had started successfully

To ask the same question as before did the Program abolish the subsidy? Obviously not
no outsider can do anything like that in Indonesia But the Program did provide important
inputs for prudent policy makers (o be assured that it would be technically safe to abolish
the subsidy without negative impact on rice produclion and that the coupling or the
phasing out of subsidies and the establishment of a national IPM program would be
advantageous Then, when the Presidential decree had to be translated into action the
Intercountry Program provided additional technical testimony in the political arena
technical expertise for the design and stai{-up of the National program and a flexible

distribution of resources to allow the National Program to starl strongly

4 2 2 Economic impact of policy changes on IPM in Indonesia

The pesticide subsidy was first iniroduced in Indoncsia as parl of a broader fertilizer
subsidy package in 1974 Pesticide usage 1ose steeply [rom 1977 to 1986 afler importation
of formulated peslicides was banned during the perfod when the pesticide subsidy was
around 85% The subsidy itsell represented a sizable outlay of public [unds but it also
produced otherexpenditures and reduced rice yields by inducing BPH oulbreaks All these
impacts need {o be considered when assessiry the benefits of the subsidy removal These
are ilemised below and estimates of cosls where available, are given To evaluate the cosls
of the pesticide subsidy in Indonesia c.ae must make a number of well supported

assumptions that can here only be outlir.ed

4221 Thecostofrice lost to BPH

The pesticide subsidy for rice of which about 95% were insectlicides did not increase rice

production As shown in Figs 4 1 4 2 rice production grew during two periods when
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pesticide production dropped
sharply The levels of pesticide

MILLED RICE
UREAUSE PRODUCTION  production during the subsidy era
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reflect coverage of intensification

1400 , ( 3 hectarage with field packages under
1200 | control policits The same packages
L 28 contained subsidized Nitrogen
1000 ; fertilizers (Fig 4 3) that were
L assoclated with yield throughout
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On the contrary, the subsidy
0 caused massive losses of rice due
20 - 1f to BPH during a period when
Indonesia was the world s largest
t e I importerofrice Therefore the cost
(& 80 ® %0

to the nationalbudget of rice lost to
Ego:e:iaRlig?g-rggucum and urea usc - BPH can be expressed as the cost

of imports of equivalent quantities

of rice The cosl of these additional
rice imports has to be accounted In full as a cost of the pesticide subsidy A rough estimate
of these losses is $ 1 75 Billion US dollars

Additional cosls are the loss of income and labour opportunities in the rural economy
caused by shorlfalls in production These costs accrued to the rural sector of the domestic
economy They cannot easily be expressed in US $ but estimales can be made as to the
amount of scasonal or annual income lost by an average small rice farm {f it loses one rice

crop and of how many such seasonal or annual farm incomes were lost

As chemical fertilizers were subsidized there is a cost to the domestic budget in lerms of
the amount of subsidired fertilizer used on rice fields that were destroyed by BPH This could
be expressed as the cost of imports of equivalent amounts of fertilizer or as the percentage
of the annual budget subsidy for chemical fertilizer lost to BPH

To this should be added costs Lo the food logistics agency for keeping very high rice stocks
because of the risk of BPH oulbreaks
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4222 Thecost to the budget of the pesticide subsidy

About 70%, on average of all subsidired products was used onrice Aboul 20 percent went
on ‘secondaryfood crcps mainly soybeans and vegetables and the rest was used on alarge
number of other crops It is assumed that overall the subsidy did not produce significant
benelils on these non-rice crops As onrice indiscriminale use of pesticides on crops like
soybeans, the second largest markel after rice, caused resurgences and secondary pest
outbreaks that easily oulweigh possible benefits from lower input costs However, thereare

no comprehensive crop loss data Lo quantify this assumplion

As no net benefits from pesticide subsidies for cither rice or secondary crops accrued the
cost {o the national budget of subsidizing pesticides can be used in accounting for overall
cost of pesticides Lo the economy Estimates of Rupiah expendilures for pesticides in the
annual budgets between 1974 and 1988 can be converted into actual US$ Adjustment for
inflation then provides figures for total budgetlary expenditure on pesticide subsidies US
$ 1 6 Billion (1990) dollars

180 .
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Fig 4 4 Pesticide subsidies and IPM funds (million US$ 1990)
Indonesia

4 223 The financial cost of the pesticide subsidy {debt service)

Adding actual annual budgelary costs for subsidies and adjustling for inflation does not yet
provide a true picture of these costs Indonesia borrowed funds for development (o cover

shorlfalls in domestic revenue used for development programs Rupiah funds spent on

g1
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pesticlde subsidies were lost for other development purposes and equivalent amounts of
money had to be borrowed on the inlernational capital market The cost of financing this
debt can be found by treating the annual expenditure for pesticide subsidies as aloan made
under average conditions of the period Thus by using debt service projection models based
on conditions of actual loans made during these years one can get a very close estimate
ol debt service costs for funds spent on pesticide subsidies Itis this cost of total debt service

that provides a true picture of the [inanc:al costs of the pesticide subsidy

4224 Costs to public health and ez vronment

No altempts are made here to try to eslimate thesc costs [rom available medical statistics
and surveys Il is only assumed that costs to human health and environment are
proportional to the amount of pesticides distributed and used An estimate can be made of
the consumption of pesticides in Indonesia if there had not been a pesticide subsidy Then
the difference between the non-subsidized consumption and the consumption figures
under subsidy are a direct measurement of health and environmei.lal costs Dula from
Indonesian financial and Industrial statistics show that since the change in pesticide
policies in 1986 lotal pesticide production in the country has declined by 67% As
unsubsidized products in 1986 had a markel share of aboul 75% and as demand for
subsidized products has grown the Jdrop in the production of subsidized products had been
even larger If one uses the 1989/90 production figures as an indicator of the size of the
markel without subsidies, than the pesticide subsidy produced about 200% higher health

and environmental costs than a [ree markel system would have produced

4225 Costof distortions in industrial development

The pesticide subsidy creatled a distorted oversized and ineflicient pesticide indusiry One
part of the cosl of Lhis distortion is the cosl of invesiments in factories that (a) are not
competitive in their cost structure and {b) do not have amarkel as pesticide demand adjusts

to free market conditions The olher and much larger cos! factor is the cost to food
production in the {futuie resulling fiom the lobbying power of this distorted industry that

again and again aliempts Lo creale situctifons conducive to thie overuse of pesticides

4 2 2 6 Costs of cfforts to corrcct the strong pesticide bias in society

The subsidy regime created a culture of believers in pesticides The costs of re-educating

millions ol farmers and tens of thousands of government employees in the extension service
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have to be borne by future programs in IPM Eslimates of these costs as a share of the
needed expendilure for large scale IPM implementation are nol atlemptied here but one
should take note of the fact that they are high

43 BENEFITS FROM NATIONAL POLICY ACTIONS IN OTHER COUNTRIES

It was not practicable for the Mission o analyze the economic, social or environmental
benefits that followed from central policy changes relevant (o IPM in the remaining eight
countries inthe Program However, here we list some of the significant kind of changes that

were noted by the Mission and examples

Furthermore it became abundantly clear that the training and extension programs in each
of the countries were less likely (o succeed or to endure the passage of time without a strong
government commitment (policy personnel and funding) to the philosophy and practice of
IPM

431 Remove Direct Subsidies

Bangladesh changed the level of pesticide subsidy from 100 % to 50% in 1974 then from
50% to 0% in 1979 Pesticide use dropped by 50% with each change in subsidy stabilizing
al aboul 25% of original use Rice productionrose sleadily throughout the period of subsidy

removal

Philippines removed about US$ 12 million per year in rice pesticide subsidies by shilting
from the Intensified Rice Production Program to the Rice Production Enhancement Program
in 1988

Tamil Nadu State in India reduced direct purchases of pesticides by about 2 crore rupees
(US$ 1 6 million} per year
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4 32 Change Composition of Foreign Development Assistance Grantg

The Government of Japan gives Government of the Philippines an Agricultural Productivity
Grant of Japanese agricultural inputls every year, related to WWII reparations payments

Since the IPM Policy was declared the proportion of that grant spent oninsecticides declined
from 30% to less than 5% The 1990 level of the tolal grant was over US$20 million When
informed of this trend, the Government of Indonesia also began to reduce the proportion

of its grant spent on pesticides

4 33 [Initiate New Donor - Funded Projects

Bangladesh China and India have placed IPM on the list of {op priorily projects in their
UNDP Country Programs As the three largest UNDP national programs in the world, it is
significant that IPM is shared by all While these developments represent ‘impacts' rather
than 'benefits’, they can be viewed as a positive step lowards some economic environmental

and health benefits for rice growers in these counties

Bangladesh has indicated to DANIDA that it shall revise to support IPM training the
conients of a project whose earlier phases gave many tons of aerially formulated insecticides
China has opened discussions with Japan for support to a mulii-year IPM (raining project
Philippines has indicated that it will prepare an IPM training project proposal in response

to recommendations {rom USAID

4 34 Incrcase Staff Support for IPM

Either by transferring across oflice uniis or by creating new official posts the Governments
of Philippines and Malaysia significantly increased the numbers of their stafl supportling
IPM field activilies as a matler of national policy This is more strictly a. 'impact’ rather

than a direct beneflil bul it represents a change which should bring in the benelfits in the
long run

435 Reject Large scale, especially gerial, freatment

These are especially compelling because influential rural members of parliamenls use
aerial pesticide applications as one of the most obvious kinds of evidence of their influence

over the national government
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India first rejected aerial applications for sugarcane pyrilla (also an occasional rice pest) in
order to conserve natural enemies in the mid 1970s

Bangladesh first began to reject aerial applications under IPM ministerial policy in 1989
when a cabinel member passed on alarms from his constiluency about rice hispa When

aerial reconnaissance fatled to confirm the reporls the spraying operation was cancelled

Philippines and Malaysia have rejected many opportunities to respond positively to farmers
and legislators demands for aerial applications on rice and other crops

436 Ban ifi ici

In Octlober 1989 Philippines banned the imporiation of Tri Phenyl Tin compounds used as
molluscicides because of their dermal toxicily and confirmed status as teratogens The IPM

recommendations covering snail pests in rice specifically exclude use of these pesticides

4 4 BENEFITS FROM FARMER UPTAKE OF IPM - OUTLOOK
4 41 Philippines - Cas ies of benefits from IPM traini

4411 Casel-Central Luzon

In the Philippines Cenlral Luzon is the largest rice producing region (of 12 in the country)
and thereflore was chosen Lo be one of the pilot areas where IPM farmers’ training was first
given The impacl of IPM farmers {raining is quite well documented for Central Luzon data
have been collected regularly comparing ylelds amount of money spent on pesticides
number of pesticide applications and other data for IPM trained and untrained farmers
From 1984 to 1990 about 13 900 farmers {ook IPM training in Central Luzon The
cumulative training costs were Pesos 2,132 302 (US$ 108 626), based on different training
costs per farmer and number of farmers trained each year (Tables 4 1, 4 2)

Surveys conducted in 1984 1985 1986 1987, and 1990 showed that IPM-trained farmers
spent less money on pesticides than untrained farmers In 1984 IPM-trained farmers saved
Ps 440 per year (2 crops) on pesticides in 1985 Ps 380 in 1986 and 1987 Ps 420 and Ps
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Table 4 1 Training cosls per farmer and savings per ha, 1984-90

Training costs '

per farmer Savings/ha ecxchange rate
Year Pesos Us$ Pesos us$ Pesos - US$
1984 664 38 34 440 25 40 17 32
1985 110 613 380 21 18 17 94
1986 37 184 420 20 93 20 07
1987 250 12 30 420 20 67 20 32
1988 250 11 97 590 28 24 20 89
1989 250 11 80 750 35 39 2119
1990 265 1077 919 37 36 24 60

Table 4 2 Cumulative costs savings and benelfits of IPM (raining in Central Luzon
1984-90

Pesos US$
cumulative training costs 2162 322 108 626
cumulalive savings 39 001 830 1 891,091
cumnulative benelits 36 839 508 1 782 465

919 in 1990 Estimales for the olher vears were interpolated from these data {Table 4 1)
Follow-up studies on farmers trained in 1979 and 1980 have shown that farmers who
master IPM skills will save gvery cropping season on pesticide expendilures The total
cumulative savings generated by the 13 900 IPM farmers with 2 crops per year and an
average landholdingol 1 5ha in Central Luson in the period 1984-90 equal Ps 39 001 830
(US$ 1881 091) Total cumulative benefits for this period are Ps 36 839 508 (US$
1 782 465) (Table 4 2) The benefit/cost ratio for IPM training is 17 1 taking inlo account
only investments made by the Philippine government Expenditures of the Intercountry

Program for the whole of the Philippines in this period were US$ 370 809 plus about US$
50 000 expert time (1884-86 US$ 10 000 /ycar 1987 90 US$ 5 000/year) Including these
costs the benefil - costratiois34 1

The benelits geneiated by thic Ceslual Lurzon IPM faimers alone are much: higiser than the
total expendiiures made by tlie Intercountry Program in the Philippines (US$ 1 78 million
vs US$ 420 809)

4412 Case 2-IPM for the entire Ph!lipplines (Including Central Luzon)

In 1990 the total number of farmers trained in IPM since 1984 is 175 049 Dala on impact
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of IPM for the other regions in the Philippines are not as well documented as for Central
Luzon However, one may assume that the differences in costs and savings for the other
regions in the Philippines will be of the same order of magnitude Based on the Central
Luzon figures the cumulative training costs saving and benefits of IPM farmers training
for the Philippines are given in table 4 3 Figure 4 5 shows how cumulative benefits were
built up during 1984-90 Benelfil - costraliois8 9 1 including FAO Intercountry Program
expenditures in the Philippines

Table 4 3 Cumulative costs, savings and benelfits of IPM training in the Philippines,
1984-90

Pesos US$
cumulative training costs 34 536 379 1675 855
cumulative savings 423,413,025 20381117
cumulative benefils 388 876 646 18 705 262

The 175 000 IPM trained farmers will

conlinue to save money by spending

400,000,000 + I
less on pesticides In 1990 these
330000000 1 farmers saved atotal amount of about
300000000 ¢ Ps 160million (US$ 5 7 million) (based
200,000,000 1 onyearly savings of Ps 919/ha found
200,000,000 + in the Central Luzon survey of Oclober
150,000,000 { 1990) Whenin 1986 IPMwasdeclared
100.000.000 4 a national crop protection policy in
the Philippines pesticide subsidies
50000000 { / ppiaes P
0 . . /! ' . . were abolished saving the Government
e ' ' ' ' over US$ 12 million yearly The IPM-
50,000,000

- trained farmers save an additional
198 1985 1386 1967 1388 1383 1390 US$ 5 7 million per year by using less

Fig 4 6 Cumulative benefits of IPM pesticides
(Pesos), Philippines 1984 90

In the survey of October 1990 untrained farmers in villages wilh IPM-trained farmers were
also inlerviewed (o assess whether knowledge spreads [rom trained farmers o untrained
In table 4 4 expenditures on pesticides by IPM {rained farmers untrained farmers in IPM

villages and untrained farmers in untrained villages are given
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Table 4 4 Annual expendilures on pesticides {2 crops)
Survey Central Luzon, October 1990

Pesos US$
IPM trained farmers 7254 259
Untrained farmers-untrained villages 1654 2 591
Untrained farmers-1PM (rained villages 774 6 277

Untrained farmers in IPM villages spend Ps 880/year less on pesticides than untrained
farmers in untrained villages There seems {o be a spread of knowledge from trained to
untrained farmers However il is iinposs.ble {o make an estimate how many farmers are
influenced by a trained farmer The cumulative benefits for IPM will certainly be bigger
because of this spread of knowledge bul it can not be estimated from available data how
much this will be

442 China

In China 5000 farmers have received training in IPM until now A 1989 survey shows that
IPM farmers in 5 provinces in China spent on average 26 7 yuan/ha (US$ 5 6) less on
pesticides than untrained farmers In 1990 these trained farmers sas ¢ on pesticides an
amount of US$ 14 000 (based on 2 crops per season and an average [arm size of 0 25 ha)
Net profits for IPM-trained farmers are 497 yuan/ha/season (US$ 105 5) higher than for
untrained farmers also because of higher yields Net profits for the 5000 farmers were in
1990 US$ 1 055 000 higher than for untrained farmers

Total Program expenditure in China sincc 1988 is US$ 215 000

4 4 3 Bangladesh

As of 1990 1 total of 1500 farmers has been trained in IPM in Bangladesh Surveys
conducted in 1989-90 assessed the amounl of money spent on pesticides of farmers before
and afler IPM training Peryear (2 crons) IPM-trained farmers spent Taka 768 (US$ 24) less
on pesticides Total {raining costs were US$ 19 500 (cost per [armer US$13) The 1500
farmers save yearly an amount of US$ 36 000 on pesticides {average farm size 1 O ha)
Benefil - cost ratiois 1 8 1 Yields of IPM farmers also increased with O G {ons/ha (Boro
season 1890) Thelr net prolit (beneflils) will even be higher taking this yicld increase into
account

Program erpenditures in 1990 in Bangladesh were US$ 47 272 of which US$ 42 314 was
spent on training and field activities primarily for training extension staff
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444 India

In India 50 000 farmers have been trained in IPM so far Surveys done in 1989-90 indicate
that IPM farmers spent on average 293 Rupees/ha/season (US$ 18) less on pesticides
Savings on pesticides by these IPM farmers for 1990 equal Rp 40 141 000 (US$ 2,480 902)
(2 crops per season, average farm sizc 1 37 ha) The nel average income ol IPM farmers is
Rp 1039/ha (US$ 64) higher than for untrained farmers The total income for IPM farmers
in 1990 is US$ 8,768,000 higher than for untrained farmers Training costs per farmer are
Rp 200 (US$ 12) Total training costs equal US$ 600 000 Benefit - cost ratio excluding
increased yleldsis 4 1 1

Program expenditures in since 1987 were US$ 119 200 in India

445 Indonesia

Unt 1 now at least 60 000 farmers were trained in IPM Savings per ha per season equal
US$ 20 For the year1990 glone an amount of US$ 2 4 million has been saved by IPM-

{rained f[armers in Indonesia

446 SriLanka

In the period 1984-1890 87 108 farmers have been trained in IPM in Sri Lanka A survey
of 1988 shows that IPM-trained farmers spent on average 85 Rupee/ha (US$2 8) less on
insecticides per season after they were {rained in IPM Based on 2 crops per year and an
average farmsizeof 1 12 ha total cumulative savings for Sri Lanka due (o IPM in this period
are Rp 93 427 186 (US$ 3 392 297) Training cost per farmer was US$1 cumulalive
trairing costs equal US$ 87 108 Cumulative benefits of savings on pesticides for SriLanka
in 1984-90 are US$ 3 3 million (Table 4 5) Additional benefils because of higher yields
obtained by IPM-farmers are not included in this figure

Yearly savings on insecticides in 1990 equal Rp 16 160 010 (US$ 404 000) Program
expenditures in 1987 90 were US$ 217 871 of which US$ 60 779 was spent on training
and field aclivities

Table 4 5 Costs savings and benefits of IPM Sri Lanka 1984 90

Rupee US$
cost of farmers training 2613 240 87 108
cumulative savings 93 427 186 3392 29,
cumulalive benefits 90 813,946 3 305 184
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447 Vietnam

In the summer season of 1990 the [irst activities of the Inlercountry Program slarled in
Vietnam Twenly eight demonstrations were established of 10 ha each A total of 860
farmers was trained in IPM Inputs (fertilizer certified seeds) parlially provided by the
Program were higher in IPM plots 740 688 vs 685 122 Dong/ha in Farmers Practlice plots
(US$ 115 73 vs 107 05) On plant protection inputs IPM farmers spent 6115 Dong/ha less
(0 95 US$) (47,765 vs 53 880 Dong/ha) 1otal savings on pesticides in demonstrations in
the summer season 1990 was US$ 266 Yields in the IPM plots were higher than in Farmers
Practice 4 16 vs 3 64 ton/ha Profits [ro.n IPM plots were 278 888 Dong/ha (US$ 43 57)
higher than [rom Farmers Practlice plols The 280 ha demonstration site has a total higher
profit of US$ 12 200 of which US$ 266 was saved on pesticides (Table 4 6)

Total costs for the demonstrations were US$ 7311 including inputs as fertilizer and

certified seeds and farmers training The benefits for Lhis season equal US$ 4891

Table 4 6 Costs savings and benefits of IPM demonstrations (280 ha) Vielnam summer

season 1990

Dong uUss
costs of demonstrations 46 788 800 7 311
(incl inputs farmers training)
savings 78 088 640 12 201
benefits 31 299 840 41891
448 Summary

For most of the countries (China Bangladesh India Philippines Sri Lanka and Vietnam)
dala are available on the savings generated by IPM trained farmers through reduction of
the amount of money spentl on pesticides These cumulative savings are given for the
individualcountries inTigure4 6 aswellasthiecumulative expendilures of the Intercountry
Program per country (logarithimic scale') In Figure 4 7 the tolal cumulative savings on
pesticides and the total expenditure of the Program are given

In China and Viclnam the Mission also collecled data on net profits for IPM farmers Aswell
as savings on pesticides farmers gel also a higher yicld and their total net profits increasc
more InTigure4 8{he cumulativefarmers profitsare given and the Program expendilures
inthese countries For China and Viclnam savings on pesticides arc smaller than Program
expendilures bul tolal farmers profils are higher than the tolal amount spent by the

Program in the two countries
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the seventies, one cannot expect (F—=J) to increase successively through
the years Eventually and most likely, the foreign exchange or fiscal
constraint will block the further substantial growth of the economy
Shufts in the IT, IE and IS curves will be necessary for further accumu-
lation Even 1in the seventies when net foreign transfers were plentiful,
there did not seem to be substantial snifts in the three curves In this
case the growth has been limited to the shaded areas of Figure 1 One
can mmagine the much higher growth rates that could have been at-
tained 1f increases 1n net foreign transfers were accompanied by shafts
upwards of the three curves The Pilippines did not “take off” as its
East Asian and ASEAN neighbors seem to have done
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PROSPECTS FOR RICE YIELD IMPROVEMENT
IN THE POST-GREEN REVOLUTION PHILIPPINES

B: P L. Pingalh, P F Moya and L. E Velasco®

Cridence from farm level and expenmental data from the Philippines indicates n
trend towards stagnation and/or a decline in 1migated nice yields when intensivels
cultivated even under scientific management on experiment station Given current rice

cchnology there 1s 0 mimimal yield gap between the experiment station and the “best”
irnigated farms 1n the Philippines If the current vield frontier does not shift outwards,
the long term prospects are for stagnation and/or decline in farm vield.

The current yield gap 1s no longer between the farmer and the expernimental
potential but rather between farmers themselves This gap between farmers yields can
be explained by differential farmer abilitv and differential access to imigation water The
results of the study suggest that the first prionty for nce research ought to be the
breaking of the current irmigated yield ceiing It aiso wndicated that the wield gap
between farmers ean be reduced by carefully targeted extension traming program and
tmprovement of the efMicienev and rehabihity of water dehivery to farms sn the middle and
tail sections of the svstem

1 Introduction

The 1introduction and rapd spread of semi-dwarf high-yielding
rice vaneties throughout Asia in the late sixties and early seventies
resulted 1n phenomenal output growth (Dalrymple, 1986, Herdt and
Capule, 1983) For South and Southeast Asia the aggregate rice outout
growth rate increased from 2 2 percent per annum dunng 1955-65 to
3 2 percent per annum during 1965-80 In the Philippines, the annual
growth rate of nce output doubled, nsing from 2 2 percent in 1955-65 to
45 percent 1n 1965-80 (FAO) Rice output growth rates surpassed
annual population growth rates of 2 9 1n the Pluhppines dunng 1965-
80 (IBRD)

There 1s increasing concern, however, that the growth in aggre-
gate rice output has peaked and 1s starting to decline (Herdt, 1988,
Barker and Chapman, 1988, and Byerlee, 1987) While much of the
literature on agricultural development continues to focus on the green
revolution and its impact, the post-green revolution phase of dechning

*The authors are Agneultural Econormst and Senior Research Assistants at the
International Rice Research Institute P 0 Box 933 Maniia Philippines This paper was
presented at the 6th FCSSP Annual Scientilic Meeting Anstocrat Hotel Naga City May
16 18 1990 The views expressed in this paper are those of the authors and should not be

interpreted as reflecting those of IRRI
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output and productivity growth 1s already well established in many
areas of Asia (Byerlee, 187) Barker and Chapman (1988) suggest that
the productivity dechne. could occur due to the following reasons a)
the lack of a significant sreakthrough in the y1eld ceiling 1n Asia since
the first modern vaneties were released, and b) the dechine 1n 1irnigation
mvestments and the pocr mamtenaace of exasting irngation infra-
structure

For the imngated nce producing environments or the -so-called
“nce bowls of Asia”, the post-green revolution phase can be character-
1zed as follows 1) modern varnet, use 1s well established and the rate of
growth in farm yields 1s beginning to slow down, 11) land use intensityis
high and so 15 1nput use espeaially fertilizers, m) efficiency of input use
15 Jow and hence 1n association with 1) and (u) one can anticipate
productivity dechnes in the future

Thus paper prowvides an analysis of Phulippine data from the ex-
peniment station and farmer fields showing a stagnant yield potential,
and a diminished gap between potential and actual farm yields This
analysis finds that the larger yield gap 1s between farmers, rather than
between the farmer and the expeniment station Ths yield gap between
farmers can be attnbuted to differences in farmer knowledge, ability,
and reliability of 1rrigation water control Reducing these differences
between farmers in hnowledge and ability will be the pnmary sources
of productivity growth 1n the post green revolution period

Data Sources for Experiment Station and Farm Household Panels

Thus paper uses three sets of panel data for irngated farm house-
holds and four sets of panel data from Philippine rice expenment
stations The following farm pane! data sets were used 1) a sample of
34 farmers 1in Laguna, Philippines, monitored from 1966-1987, u) a
sample of 23 households in Nueva Ecya, Philippines monitored from
1870-1984, m) a sarnple of 132 households 1n Nueva Ecija momitored for
the years 1979/80, 1985/66 and 1988 (For a actailed description of the
first two data sets see Herdt, 1987) Table 1 provides summary statis-
tics of the vanables used 1t this analysis

Time-senes data on experiment stations’ yields were obtained
from the Agronomy Department of IRRI for four locations 1) the Inter-
national Rice Research Institute, (IRRI) Laguna 1966-1988, u) the
Malgaya Rice Research and Trammng Center (MRRTC), in Nueva
Eeya 1970-1988, m) the Bicol Rice and Corn Expeniment Station
(BRCES), 1970-1988, and 1v) the Visayas Rice Experiment Station
(VRES), 1970-1988 IRRI and MRRTC are located in the same geo-
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Iable 1 - Means and Cocfficiunts of Vartition of the Variables Used in the Analysis
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graphic area and agroclimatic environment as the farm samples in
Laguna and Nueva Ecya, respectively

In each case, the yield from the hughest yielding nce cultivar in
the long-term mtrogen response trials was used to represent the tech-
nologieal potential Detals on how these trials were set up and how the
haghest yrelding entnes are determined can be found 1n Flinn and De
Datta (1984) The nutrogen response trial data prowvide, for each year,
the best approxumation of the neld potential under intensive cropping
of rice cultivars grown under scientific management and with no 1nput
constraints We thus have time-senies data for the four locations on the
y1eld potential of the most uutstanding modern rice varieties

2 ‘Experiment Station and Farmer Yields
Is There an Unexploited Yield Gap?

21 LCxpertment Station Yiclds as Indicators of Technology Potential

The International Rice Research Institute started releasing mod-
ern rice varieties since the rrid 1960s IR 8 was the first of the modern
vaneties widely grown 1n Asia At the time of its 1¢cleasc 1n 1966, IR 8
ynelded as much as 10 tong/hectare in the dry season and 6 tons/hectare
mn the wet season at IRRIs expeitmental farm in L~guna Phuhippines
(De Datta, 1979) At that time farmers in the neizhborhood of IRRI
growing traditional rice vanelies were getting vields of 20 25 tons/
hectare URR] Ynnual Report 1967) Sinceits imual refcase the vields
of IR 8 have been on a dectiming trend even w hen grown under scientific
management o1 the IRRI farm Flinn, et al  {1982) estimte that since
1966 tne wet season vields o IR § have dechined by 0 2 tons per hectare
pe~ year and the dry season jields have declined by 0 26-0 47 tons per
hectare per year The most commonlv attributed cause of this decline1s
the greatly increased insect and disease pressute to v hich IP S 1s not
resistant (Insect and disease infestations hatve 11sen with the growth
1n 1ntensive rice production across Asia )

Following IR 8, the 33 modern nce vareties that have since been
released 1n the Plulippines have better insect and disease resistance,
shorter crop duration and, to some extent, better eating quahty than IR
8 However, none of the later vaneties have been able to match the
mitial yield potential of IR 8 Indeed, De Datta et al (1979) report that
1n recent years nce yields of over 9 tons per hectare are rarely recorded
at IRRI Perhaps more disturbing 1s the observation by Flhinn, et al
(1982) that the highest yields obtamned from the mitrogen response
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trials have been exhibiting a Jong-term dechine They estimate the
decline at an annual ratz of 0 1 0 16 ton per hectare 1n both the wet and
dry seasons Figure 1l gr iphs the highest wet season yield obtained 1n
the nitrogen response experiment for the years 1966 1987

Flinn and De Datt? (1984) also provide evidence of yield stagna-
tion or dechine 1n both the wet and dry seasons in three otner expen-
ment stations in the Phul ppines 1n aadition to IRRI These experiment
stations are in the Nueva Deya, Bicol and Visavas covenng a fairly
representative cross-section of the 1rmgated rice areas of the Philip
pines For Nueva Ecya, they find that the highest yields in the mtrogen
response expenments at MRRTC have remained stagnant in both the
wet and dry season for the years 1968-1980 Figure 2 graohs the
highest wet season yields obtained in the mitrogen response expen
ments at MRRTC

We updated the Flirn and De Datta analysis for all fou~ s.ations
by expanding the long ter— y1eld response data set to inclaae all years
up to 1988 The hughest «1eld fo- each nmitrogen level wzs used as the
depenaent vanable (in logs) and the independe~: vananles 1n the
regression were time trend log mitrogen (kulograms/hectare), the square
of log rutrogen and log rainfall Rainfall was measured 1n terms of the
actual amount from transplanting to two weehs pefore harvest All
other production and management inputs were held constar. through-
out the experument Generalized least squares regressions Jsing the
Parks methoa were run to:dentin thelong term vield :vena The Parhs
method corrects for heteroscedastic and au.ocorrelated evro- terms and
provides consistent coefficient estimates (Parns 1967) The restlts are
vresented 1n Table 2 We 1ound a siguficant nega. ve yield trend for
tne wet season fo- tnree of the four locations ana for two o the four
tocations for tne dm season The excenaons VRIS for bouh seasons and
MRPTC for the drv scaso~ eyhimited stagnant vielc tends At IRDI
wet season yields decinec at the rate of 1 29 percen. neyear while at
MRPTC and BEST the yie.d dechne was at the rate of . 02 pcrcen. and
0 6 ver cent per jear, respectinels VPLS had 4 shche growth m wet
season vield at the rate of 0 18 percent pervea~ Ior the ary season the
viela decline at IRRI was sigmificant at the rate os . 28 percent pe-
vear, while at BEST the vield decline was ~t the rate of 0 35 percent per
year MRPTC exhibited a shight yreld gowth at the rate of 0 15 percent
per year, while at VRES the time trena was not sigm@cart

22 Yield Potential Adjus.cd for Cnutronmental Degradation
The long term dechne in yield potential under intensive irnigated
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Table 2 — Lstimates of Cxperiment Station Yield Potential
with and without Adjustment for Environmental Degradation !

Highest Yielding

Highest Yielding

IRS Entres Entnes (adjusted)
BLST DS .
Intercept 8 4615*** {0 0545) §5531°=* (0 0427) §55531** (0 0427)
Time 0 0501%** 00012) 00038%** (00015) 00463*** {00015
N 0 0806*** (0 0041) 00627*=* (D 0047) 00827*** (00047
N square -0 0135"** (0 0020) 0 0054*=* (0 0016) 0 0054*** (0 0016)
Ramfall 0 0860""" (0 0091) 00183*=* (00062) 00183*** (00062
IRRI] DS
Intercept 7 8740%°* (0 0829) 8§3245*** (004000 §3245*** (00400
Time 0 0589°°* (0 0060y 00128°°** (00007) 0O0461*** (0 000T)
N 00578*** (00038) 00185"** (00065) 00185°*° (0 0065}
N square 00022 (00031} 00174*=* (00022) 00174°** (0 0022)
Ramfall 0 4261°°* {0 0222) 0 0591°*** (00075) 00591*** (00075
“MRRTC DS
Intsrcept 8 3630*** (0 0255) 5 4599*** (0 0133) 84599*** (00133
Time 0 0058*** (0 0015) 0Q0015°* (0 0006) ©00072**+ (0 0006)
N 0 04370 (0 0060) 0 0396*** (00016) 00396°** (0 0016}
™ square 0 0097°** (00022) 00117*** (0000S) 0©O0117*** (00008
Rainfall 0 0324"" (00035, 0QO0170**¢ (00027} QO0170*=* (0 0027)
VES DS
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1ice production can be attributed to cither a degr ndation of the paddy
emwnonment ot a decline mn the genectic potential of the biceding
matenials used for genciating culivais Degradation of the paddy
cnvironment under intensive cropping can occut due to one or more of
the following causes 1) increased pest pressure 2) ramid depletion of
soil micro nutrients, and 3) changes n soil chemistrv biought about by
intensive cropping and the increased rehiance on low quality irnigation
watet

The 1ate of unvironmental degradation can be mecasuied Ly the
rate of decine in vield over time, holding variety and input levels
constant Inorder to do thi» we need yicld time seties on one particulan
variety At IRR[ and at MRRTC the vatiety grown cach vear since the
start of the long-term yield experiment 1s IR S We thereforc have
twenty years of datafor IR § 1t IRRI and erghteen ears for MRRTC
Lincar 1emession equatio s were estimated for IRR! and MRRIC
using generahized leas. squares techmques for pooling ume sciies and
cross scetion dawa The results are pro ided in Table 2 [he indepena
ent vanables in e egiession v ere log nicrogen sauate ol log nitio-
ger a ume tiend and log =aintall

\ significant decline in IR 8 yields was observed for all locations
for the drv scason and three of the four locations for the wet scason
Tne long term wet scason aceline of IR § yicid at IRRI 1s at the ratc of
517 percent pervear while at MRRTC 1t 1s at the rate of 1 G7 percent
per sear The correspondir y drv scason vicla aechines per 1nnum arc
389 percent "t IRRI and 317 pereent for MRPTC The long term
peiformance of IR 8 at BLST and VRES 15 found 1in Taole 2

To obtain e yicld powential adjusted for the envnonmental deg
radation we compensated he highest vields 1n the tong term evperi-
ment for all four locations with an amount equal to the annual rate of
decline in IR S vield After adjusting vields for environmental deg ada-
tion we found thac the lughest yiclds have oeen inctcasing significantly
in all locations for the dry and the wet season The lughest wet and div
scason yields at IRRI hasve been increasing at annual 11tes of 3 88
percent and 4 6 percent respectively For MRRTC the wet scason tune
trend after adjustment for »niironmental degradation 1s 0 66 percent
pet year and the dry season wrend 1s 0 72 percent per vear These results
imply that the 1ate of aegradation of tne paddy environment 1s greater
than the rate of growth m the yicld potential, hence the long term
decliming trend wn the high st experiment station yields These results
also contradict the alternat ve view that the cause of the declining yield
potential 1s an erosion of the genetic potential of the breeding maters-
als

r T
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23 Pluuppine Rice Farmer Performance 1966 1988

For assessing farm performance over time relative to the evpen-
ment station one can use national average yield time series, provincial
ot regional vield tume senies or farm panel data Herdt (1988) and
Barker and Herdt (1983) point out that the national average yield 1s
not a 1clevant point of comparison with experimental yields because
the for me ris pooled across a heterogencous set of 11ce arowing envnon-
mants and scasons wlule the latter 1s tepresentative of the most favor-
able Inds in the countiv Avernge yield data from the provinees in
which the expermiment stations are lacited are a better approximation
winle fumealovel data are the hest option Comparability between the
fumer ind the experiment st ation 1s high in these cases because both
of them face simuar physical and agiroclimatic envitonment

Compated with the Palippine national average 1ice yield in 1987
of 2635 tons per hectre the technological potential of 6 tons per
hecaare sugoests a vicld gap of 3 5 tons per hectare Eypenimental yreld
potenual date fiom the IRRI farm wete compaied +ith the faimer
aple n Lacun o while the yield potential data fiom MRRTC were
compried with the Nueva Cega farmer sample These comparisons
et vvichd g of vound 1 2 tons pur hectare Sample nweraye vields
over time e sinvenan Tible 1 Since farm data were not avulable for
the othe  twe Phihippine loeations (BEST and VRES) thev wetc or-
anacd from furthar malvsis

FCon illustratinve puipeses 1 addition to comparing avetage farmer

il with the evperiment station yicld potential for 1 patticular venr

we ~pht the fumer yiddd s imple into two sub samples The fitst sub-

< tmyplc consists of the top vne thund highest vields 1n the sample for @

tmticul v vear The mean of this goup 1epresents the *hest annunl

vicdd for that patticulm farmer sample The second sub-samiple con-
~ist3 of the 1emaning two thirds

Ticurc< 1 1nd 2 provide a compatson ol the top onc thind and the
remaimng two thirds farm vields with the expetiment station y1elds for
L wun111966-87) and (o1 Nueva Cuya (1970 §6), 1especuively Exper-
munt st iwon 1elds are given with and without adjustment for environ-
mental degiadntion Consider first the farmer and evperiment station
viids in Laguna for the yvemus 1966-1987 (wet scasony In 1966 the gap
between the TRRI farm and the top thnd of the Laguna tatm yiclds was
approxi nately 2 2 tons/hectare As Figure 1 shows, this difference de-
chncd 1apidiv and by 1978 the top thnd yields on the Laguna farms
were matchmg the yvields on the IRRI farm Compaiisons between
fumer wmd cyvpermment station viclds for Nueva Lerim for the years
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1970 86 (wet season) show a similar pattern In 1970 the gap between
the top thurd farms 1n Nueva Ccya and the MRRTC farm was approxi-
mately two tons This gap diminished to Jess than half a ton within a
decade Since 1986, the top third farm yields have matched expenment

station yields

Long-term farm level data are not svstematically available for the
dry season anua therefore the above comparisons cannot be.made as
definitely We do have panel data for 132 farmers in Nueva Ecyja for the
dry scasons of 1980, 1956 and 1988 These data although subject to
strong year effects co indicate a yield gap of less than half 2 ton
between the experiment station and the top third farm yields

Companson of farmer and experiment station yrelds after adjust-
ment for environmental degradatior indicates a neglimble difference
pctween the two For Laguna the gap between the environment ad
justed yield potenual and the top tmird farmer y1elds was 2 2 tons/
hectare 1n 1966 (wet season) By 19384 this gap was reauced to 0 6 tons/
hectare (Figure 1) Corresponding wet season aata for Nueva Laja
show that the yield gap between the farmers and the environment
adjusted yield potenual dechined from 1 8 tons/hectare in 1970 to 02
ton/hectare 1n 19686 (Figure 2) >

Based on the above an: vsis the following gencralizauon 1s pos-
sible Given current nee te.hnology there 1s a nunumal wield gap
between the experiment stat m and the ‘best irrigatea fa=ms in tne
Philippines If tne current yic'a frontier docs not st i* ouwward the long
term prospects are for stagna.ion and [or a decline in the top third farii
yielas

How have the vields on the “emaimng two thuas of the sample
fared, relative to the top third farm vields during this ume period? Wet
season yield comparisons for Laguna and Nueva Ecyja show a sigmfi-
cant yield diffe-ence between the two groaps of farms for each of the
veus stuaied In Laguna the top third and the ~emaming two thnds
farms started off with a yield difference of 1 S tons/hectare 1n 1966
{Figure 1) Through the 1970s and until 1981 the gap between the two
groups rermatned at around 2 tons’hectare Since then the gap seems to
have widened, becoming 2 8 tons/hectare 11 1984 and 3 tons/hectare in

1987

The differ ence between the top third and the remaming two thirds
farm yields for wet season Nueva Ecyja has remained at around two
tons per hectare, over the years 1970-1986 (Figure 2) The dry season
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yield difference 1n Nueva Ecija has also been at aroun.. 22 tons/
hectare

The above results provide a contrast to the results of the studies
on the “Farm level Constraints to High Rice Yields”, conducted at IRRI
between 1974 and 1977 (IRRI, 1979 Herdt and Mandac, 1981) In the
yield constraints studies, potential farm yicld was 1dentified by con-
ducting researcher-managed yield experniments on farmer fields and
comparing them to actual farmer y1clds obtained through farmer man-
agement Thesc studies found for Nueva Ecija a wet season yield gap of
09 ton/hectare and a dry secason yield gap of 2 0 tons/hectare The
corresponding gap between potential and actual y1elds for Laguna was
1 7 tons/hectare for the wet season and 2 0 tons/hectare for the drv
scason Herdt and Mandac (1981) conclude that these ‘modest’ yield
differcnces between the potential and actual yield can be attnbuted to
technical and allocative inefficiencies Qur results chow that ten years
later, at least a third of the farmers 1n the two areas have yields that
match the technological potential The vield gap 1n Laguna and Nueva
Ecya 15 not between the farmer and the expernmental potential but
rather between farmers themselves We argue 1n the next section that
this yreld gar oetween farmers ¢an be explained by differential farmer
abihitv and differential access to 1rrigation water

3 Soutices of Turther Productivity Growth
on Irrigated Rice Tarms

In the preceding section it vas argued that inimigated nice farms
the gap vas mo lorger between the expenimental vreld potenual and
obse-ved farm yields bat 1arher between farmers themstlves If the
rice technology vo.eruial continues to remain stagnant, then the future
gamns 1 producuvity + ould have to come from bnaging he ‘between
farmers yield gap In this section we attempt toidentify the factors that
contnbate to the ‘octween-farmer’ productivitv differences and to guan-
tify the means by vhich these differences can be reduced w1 the future

31 Deternunants of Farmer Performance

In order to i1dentify the sources of productivity differences be-
tween farmers we first need to rank farms in terms of thur perform-
ance This ranking can be obtained either by fitting a frontier produc
tion or profit function to faim data or by using experimental data to
directly estimate the efficient or fiontier function The latter, known as
the ‘enmneering approach’, was used by Herdt and Mandac (1981)
Since we have data on the experimental vield potential for cach loca-
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tion we created a ranking procedure that utihzes this information We
defined an index of farmer performance index as the 1atio of farmer
yield to the farmer-specific yield potential The farmer performance
index 1s a continuous variable that indicates the extent to which the
farmer has been able to exploit the yield potential If the farmer
performance inde\ 1s one, then the farmers yicld matches the yield
potential if the performance indev 15 less than one then the farmer
faces an unexploited yield potential The farmer periormance indexis a
measuie of the farmer s technical efficiency

Fa~mer specific yield potential was determined by estimating the
vield potential for each fa mer at his current fertilizer use The coefﬁ-

cients 1n the last column of Table 2 were used in the estimation
procedur-e

In this section we attempt .0 exolain differences in farmer per-
formence 1n terms of aifferences in he level of variable input use
arfierences 1 farm level w.ter control and aifferences in the qualitv of
tecrnology use ana cfiictency of input management (aue to differences
in farmer ability and/or supervizion time) The above vanables are

rclated to the farmer performance index through a translog function as
descmbed below

Farmer characteristics and rehaoilitv of access to n=1zationy awer
deternine the auality of teennology use and input use efficiency The
farmer charactenistics examined are family sizc pe hectarc age of
househola heaa and schooling of household head T'amulv size per
hectare represents the deg ee of spectalization in farm tasks and the
supply of supe-vision labor Age (a proxy for experience) and schoohing
of the household head represent the stock of knowledge and the farmers
ability to effectivelv use increasingly hnowledge-intensive technolo-
mes Distance from the main irngation caaal 1s an indicator of the

reliabihty of water access «nd 15 expected to be necatively associated
with farmer performance

The estimation equat ons are provided below for Laguna and
Nueva Ecya

4
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where

R =Y,/y, = actual yeld of farme= % 1n period ¢

yicid potential speafic to farmer/ 1n pertod ¢
X, mtrogen (kg) per hectare
A pesticides used (active ingredient hg/hectare)

. bpre-harvest labor (aays/ha)
X, tractor use (days/ha)
Z, family size per hectare
Z, age of household head -
Z, years of schooling of household head
Z, wistance from 1rrigation canal (km)

farmer performance clasticity irelative to the :th variable
input

farmer performance elasticity relative to the rth farmer char-
acteristic

»w W

Llasticities of Farmer Performance
with Respect to \ iable Inputs

Certthizers Although the dependent vanable 1s standardized by
the level of fertihzer use nitrogen enters on the night hand side of the
cauttion also because of the productivity 1mpact of the interaction
between mtiogen and the other variable inputs and/o1 farmer charae-
tenistics Inother woras the total effect of mitiogen on farmer perform-
ance depends on Lhe levels of other vatiable inputs used bv the farmer
and on the firmer's human capital stock, as per equations 2,and 3 For
mstance the total effect of nitrogen on farmer peiformance could
mciease with lgher pesticide use ot with higher human capital stoch
of the farmer Therefore the results presented below indicate the
mpact of the interacuons between fertihizers and other vanable in-
puts 1athet than the impact of {ertihzers per se

Tables 3 and 4 indicate that both acioss time, and across loca-
tions, the 1elative importance of [ertilizer as a determinant of farmer
performance has dechined Changes ove: time 1n farmer pe:formance
clasticities for Laguna and Nueva Ecya are presented in Tables 3 and
4, 1espectively For Laguna, faime: performance elasticities wath 1e-
spect to fertilizer use rose between the 1966-1975 period and have been
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Table 3 - Farmer Performance Clasticities Over Time for Laguna

1966 1970 1975 1981 1984
Fertilizer 0 0347*e* (00565*** D 0648°*+ 0 0566%** 0 0542°**
(0 0106) (00095 (0 0091) (0 0123) (0 0130)
Pesticide 03312%== (1099"** 00187 0 0054 -0 0130
(0 0431) 0 0390) (00319 (0 0402) (0 0338)
Pie hanrest labor 0 6660 03105 = -02045 0 0689 01073
00992) (00713) (0082%) (0 0883) (00737

Tiactor days 01416 ~ 00597- + 00404 ~ -00051 00329

{0 0226)

(00203) (00179 (00231) (0 0266)
Famuly size 00456 001649 0 2116°> 01689*"* 01450°
(0 0502) (004850 (00407) (0 0431) (0 0547)
Age -0 3894°%%* 01415 -0 0932 00623 0 0650
(00930) (00969) (01118) (00893) (01107)
Schooling -0 1927 (0 2248™* Q23727 (01969™%* 02046°"*
(00360) (0D0363) (00279) (00252) (0 0305)
Distance from 0 0986~ 01262°" 01370*~ -01160"* -01165
irngation canal (0 0500)  (00501) (0 0470) {0 0453) (0 0502)
Vaiues in parentheses are standara errors
Table 4 - Farmer Performance Elasticities Over Time for Nueva Ecyya
19875 1986 1988
Fertihizer 0 0202 007117 "~ 004877~
ooz (0 0108) (0 0107)
Pesticrde 0 0702%e= 0 3237~* 00126
{0 0091) (0 0076) (0007T)
Pre-harvest labor -0 02932+ -0 0002 0 0059
M (0 0159 (0 0093) (0 0073)
Tractor days 0 0258*** 0 0043 0 0227+=
{0 069} (0 0068) {0 0063)
Famly size -0 098C*” -0 046%«* -0 0174%"=
{00107} (0 0072; (D 0064)
Age 0 213.*** -0 0722%=* 0 0406~*~
(0 0291) (0 0227 (0 0197)
Schooling -0 002.%** -0 0320~* 0 0565 ™~
{0 0102) (0 0091) (0 0097)
Distance from 0 0085~ 0015~ -0 0200 ~
1rmgation ¢anal (0 0063) (0 0065) (0 0063)

Values in parentheses are standard errors
s=* S)emificant at 1% level

** Signaficant at 5% tevel

* Significant at 10% level
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gradually dechning since then For Nueva Ecya, clasticities have de-
clined between 1986 and 1988 The decliming importance in recent
years of the level of fertilizer use in determiming farmer performance
can be explained by the already high levels of fertihzer used 1n these
areas For Nueva Ecna, the 1988 average mtrogen application per
hectare 1s approaimately 100 kilograms Between 1980 and 1988, mitro-
gen application 1n Nueva Ecjja increased at an average of 20 kilograms
per hectare

Pesticides Our results indicate that in aicas wheie vaneties
resistant to pest damage are commonly used, the relative importance of
pesticides 1n determining farmer performance has declined over time
Where resistant vaneties are not commonly used, the importance of

pesticides as farmer performance determinants has imcreased over
fime

For both Laguna and Nueva Ecja the elastiaties of farmer per-
formance with respect to pesticaides declined over ttme In Laguna,
marginal increments 1n pesticide use beyond the mean have not re-
sulted 1n a significant increase in farmer performance since 1975, whule
i Nueva Ecija dechining trends in the response of farmer performance
to incremental vestiade use have been observed between 1980 and
1988 Pest-resistant vareties started to be released since the mid-
1970s (IRRI 1985), during which the relative importance of pesticides
in preventing pest damage has declined

Labor use Where direct seeding has begun to replace transplant-
ing as the pnmary method of crop establishment, the relative impor-
tance of labor as a determinant of farmer performance has declhined
over time In Laguna and Nueva Ecya, manual transplanting and
weeding are the norm, therefore, the total amount of pre-harvest labor
per hectare continues to be an important determinant of farmer per-
formance Substantial labor savings accrue to farmers who switch from
hand transplanting of 20 to 30 day old seedlings to directly broadcast-
ing rice seeds into the paddy Farmer performance elasticities with
respect to labor have increased over time

Tractors Differential use of tractor power input between farmers
has not had a differential effect on farmer performance 1n most cases
Consider the case of Laguna first The relative importance of tractor
use n determining farme: performance has dechned steadily since
1966 After 1981 an increase in tractor power input has not resulted in
a significant imp1ovement i1n farmer performance Nueva Ecya 1s an

exception where incremental tractor power use continues to improve
farmer performance
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Human Capital, Imgation Access and T'armer Performance

In addition to the vanable inputs, farm and farmer characteris-
ties such as family size per hectare, schooling, age of household head,
and distance from the mair irrigation canal have significant effects on
farmer performance These vanables affect the quality of technology
use and hence, the productivity of vaniab'e inputs The results show
that the importance of farm and farmer characteristics in determiming
farmer performance has increased over time (Tables.3 and 4)-We also
show that the efficency of sanable mputs, particularly fertihzers and
pesticides, 1s directly affected by these variables (Tables 5 and 6)

In most cases the importance of family sizehectare, farmer age
and schooling as determinants of farmer performance has increased
over time Education and farming expenience (age as a proxy) improves
the farmer's ability to acquire and process information on particular

Table 5 - Elasticity of Farmer Performance Relative to Fertilizer Use

Ferulizer Ferulizer
N Eepa ** Laguna
Family size 2 -0 00627 0 02807~
5 0 088286™=+" 00911=*
8 0136792-~~ 01235
11 01696577= 0 1455"™F
14 01945467 01621°77
Age 23 -0 2063272« 0 0490%*+
33 -0 082977~ 0 0525+~
43 0 007463 0 0551%*
53 0 078906~ 0 0572%%«
63 01379637 0 0589°%
Years of schooling 0 -0 16336°*< 0 1610%%"
2 0 014005 0 0738%="
4 0 055045°"" 0 0537°*
6 0 079052**= 0 0419
8 0 096086~ 0 0335™™
Distance fiom 0 0 0948682 0 0450%=*
rngation canal 1 0 024922 0 0011
2 -0 00914 <0 0122
3 0 02322%= -0 0199*¢
4 -0 03320 -0 0254°*

100

cens  em  al mmapaddiih R VS a. U

e Dot

L]

4

RICE YIELD IMPROVEMENT IN THE PHILIPPP"™S :

Table 6 - Elasticity of Farmer Performance Relative to Pesticide Use

Pesticide Pestiade
N Eaja Laguna
Family si1ze 2 0013745** 00349
5 0031497°"* 0 1444%**
8 0 040603*** 0 2006***
11 0 046773%** 0 2386
14 0 051445*** 0 2674***
Age 23 -0 03309%** -0 0258
33 -0 00530 o001m
43 0 015064°** 0 0496*
53 0031157%=* 00748°**
63 0 044460"== 0 0956***
Years of schoohng 0 -0 10368%** -0 0135
2 0 005920 00720**
4 0031281%** 00917***
6 0046116 0 1033***
8 0 056642%*= 0 1115%*
Distance from 0 0 002894 0 1008°**
irrigation canal 1 0 032205%** 0 1459=**
2 0 041029%*= 0 1594 ==
3 0 046191**= 0 1674%*=
4 0 048853~ 0 1730%**

technologies and to adapt them to their specific circumstances Family
s1ze per hectare indicates tne farmer s access to supervision labor The
increasing importance of human capital vanables in explaimng be-
tween-farmer productvity differences attests to the growing complex-
1ty of nece production in Asia Byerlee (1987) argues that the productiv-
1ty gains 1n the vost-green revolution era will come from more efficient
use of existing 1nputs to exploit the genetic potential of exasting vane-
ties’ These “second generation technologies” (such as better fertihzer
incorporation technologies, integrated pest management, etc ) are more
knowledge-intensive and location-specific than the modern seed-fertil-
1zer technology that was charactenstic of the green revolution Produc-
tivity gains accrue to farmers who have the ability to learn about the
new technologes, discriminate among technologies offered to them by
the research system, adapt the technologes to their particular environ-
mental conditions and provide supervision mnput to ensure the appro-
priate application of the technology
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Distance from wrrigation canal The importance of distance from
the main irngation canal as a determinant of farmer performance has
also 1ncreased over time :or both the Phahippine locations For given
input levels and farmer charactenstics, farmers farther away from the
canal are less productive than farmers closer to the canal The success-
ful adoption of technolog:~s that mncrease mput efficiencies requres
adequate and timely wate supply which, of course, 1s inversely related
to the distance from the irmgation canal

To 1llustrate how the efficiency of vanable 1inputs 1s affected by

farm and farmer characteristics, we examined the impact of changesn
these vanables on farmer performance elasticities with respect to
fertihzers and pestiades ‘Tables 5§ and 6) The results imply that
marginal improvements 1r farmer performance with respect to fertul-
1zer use will come more fro n improving the quality of fertihzer apphca-
tion (betrer timing and incorporation techmaques) rather than increas-
ing the quantity cf fertilizer apphed Simularly, marginal improve-
ments 1n farmer ve~formance with respect to pesticide use will come
from the judicous and discriminate use of pesticides rather than
increasing the quanuty of pesticides apphiea

Table 5 shows the changes in farrer performance elasticities with
respect to fertilizer due to changes in farmer charactenstics such as
family size/nectare age, schooling, and distance from the main canal
By varying each of the farmer characteristics while holding all other
inputs constant we were able to evaluate the impact of that particular
characteristic on performance elasticity with respect to fertilizer The
results are hughly consistent across locations As famly size per hec-
tare increases, the elastiaity of farmer performance with respect to
fertilizer use 1ncreases Th » could indicate either an increased level of
specialization withun the f.mily, and/or an increased level of supervi-
sion 1n fertiizer appheation.

Age and schooling have similar positive effects on fertihzer pro-
ductivity and hence on farmer performance, across all but one location
The exception 1s Laguna where the negative effect of schooling 1s
explained by a few outhers with low levels of schoohing Tertilizer
productivity 1s enhanced when timing of application and fertihzer
incorporation are approptiatelv done The switch from broadeasung
fertilizers to more carefully controlled application techmques requires
knowledge and shill

The distance from the main 1-nigation canal has a negative effect
on the elastiaity of farmer performance with respect to fertilizer use, in
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all cases In the other cases, productivity of fertihzers decreases as the
rehabihity of water control dechnes, this occurs with distance from the
ungation canal

Changes 1n the elasticity of farmer performance with respect to
pesticide use, due to changes in farm and farmer charactenstics, are
presented 1n Table 6 Farmer charactenistics had a signficant positive
effect on the elasticity of farmer performance with respect to pesticide
use, 1n most cases

Marginal increases in family size per hectare had a sigmuficant
positive effect on farmer performance elasticities with respect to pesti-
cides Larger family size per hectare implhes a hugher degree of speciahi-
zation In tasks such as pest momutoring and pesticide apphcation, and
greater supply of supervision labor for pest management activities

The results with respect to age were mixed. Age of the household
head had a positive effect on farmer performance elastiaities for Nueva
Ecyya but not for Laguna Schooling had a positive effect on farmer
performance for both locations These results imply that farmers with
better schooling and greater expenence (measured by age) are more
aaept at using knowledge-intensive techmques 1n pest management.
One would expect these farmers to be better able to identify pest
population determine damage thresholds and to make timely spray
deaisions These results are consistent with the findings of Pingah and
Carlson (1985) on the effects of human capital vanables on pesticiae
use 1n the United States

Distance from the main 1rngation canal had a positive effect on
farmer performance elasticities with respect to pesticaides, for all loca-
tions As aistance from the main 1rnigation canal increases, the nce
plant 1s relativ ely more susceptible to drought and weed stress Weeds
are less of a problem 1n areas with good water control than in areas of
poor water control When plants are subject to the above stresses they
are less able to withstand insect damage Therefore even if insect
infestation levels are the same for fields both close to and farther awav
from the canal the susceptibihty to insect damage increases with
distance fiom the canal (Latsinger, et al, 1988) Hence the use of pesti-
ades 1s higher as the distance from the mamn irngation canal n-
creases

4 Summary and Conclusions

1 Ewvidence [rom Laguna and Nueva Ecya indicates that thereis
1 trend towards stagnation and/or a decline n irngated rice yields
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when intensively cultivated, even under scientific management on
experiment stations The important point here 1s that the more recent
vaneties have started off with 2 lower yield potential than the earlier
vaneties such as IR 8

2 The results imply that the rate of degradation of the paddy
environment 1s greater han the rate of growth 1n the y1eld potential,
hence the observed long term cecliming trena in the hignest expen-
ment station yelds .

!3 Given current nice technology, there 1s a mimumal yeld gap
between the expeniment station and the top thurd 1rmgated farms If
the current yeld frontie does not shuft outwards, the long term pros-
pects are for stagnation and/or a decline 1n the top third farm yields

4 The current yield gapis not between the farmer ana the experi-
mental potential but rather between farmers themsetves — the top thurd
and the remaining two tluras This yield gap between farmers can be
explained by differential rarmer ability ard differennal access to irn-
gation water, rather than by aifferences 1n 1nput use

5 Productivity gans 1n the post-green revoiution era will come
from more efficient use of existing inputs to eaploit tne genetic poten-
taal of exasuing varieties "hese “second generation technologies” (such
as better fertilizer incorporation tecnnologues, integrated pest manage-
ment, et ; are more know ledge-intensive and location speaific than the
modern seea-fertlizer tecnnology that was charactenstic of the green
revolution Proaucuvitv gains accrue to farmers wno have the ability
to learn about the new technologies discriminate among technologies
offerea to them by the research system, adapt the tecnnologies to their
particular environmental conditions, and provide supervision input to
ensure the appropriate application of the technology

6 The first pnonty for nce research ought to be the brealung of
the current urnigated yield cething If the current stagnation in expen-
ment station yield 1s not broken the umplications for future national
production trends and the economic viability of rice production are
serious

7 The results sugge . that the y1eld gap between farmers can be
reduced by carefully targe.ed extension-traiming programs Such train-
ing programs become particularly important as the incremental gains
n productivity are achieved by adopting increasingly knowledge-inten-
sive technologies However, there are costs associated with such pro-
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grams but an analysis of the benefit-cost ratio of such efforts 1s beyond
the scope of this paper

8 The results also suggest that productivity gains could be made
by improving the management of imgation systems, espeaially in
terms of improving the efficiency and rehability of water dehivery to
farms 1n the middle and tail sections of the system
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