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3 1 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, a s  in Southern China 

in the 1 l th  century when short duration Champa varieties fromVietnam were introduced 

northward to areas with irrigation systems This Green Rwolution promptly expanded the 

area double cropped under the more intensive Chinese fertilber 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 

a factor of 2 1 for the next 500 years (3.28) please see numbered references in Annex II 

Twentieth century rice production in Asia stagnated at first While North Asian production 

kept up with population by efficiently distributing fertflber and improvingvarieties tropical 

Asian production grew only through expanding area cultivated It did not keep up with the 

demographic transition to lower mortality Total production remained lwel but per capita 

production declined for the 25 years before the Second World War I31 

After the war construction and improvement of irrigation systems boosted tropical 

production into the 1960s Then two new genetic technologies - photoperiod insensitivit~ 

that opened up the double-cropping potential of irrigated land and higher grain to straw 

ratios that util17ed more of the nutrient potential of nitrogen fertilizer a s  harvestable yield 

-recreated 800 years later t han in South China a Green Revolution in rice (Fig 3 1) 13,9) 

Fig 3 1 Averag~ annual paddy production for Asia 
(selected periods - 1000s of tons) 
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Fig 3 3 Changes in rice cropping 
intensity and income in Central Lu7on 
Rice Bowl Philippines after the Green 
Revolution (% change 1966-79) (5) 

National production caught up with population when the distribution of seeds and 

fertilber 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 triumph was achieved by applying 

political will but not wtthout costs To quantum leaps in production were added politically 

essential price controls that protected urban consumers Farmers' incomes suffered 

(Fig 3 3, from IRRJ 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 (I 0) In their 

haste to achieve self sfliciency government intensification programs "bundled insecticides 

together with new seeds and fertilfiers Insecticides were to be applied like fertilpers at  

fvred intervals without reference to field conditions Routine aerial applications of 

insectfddes were made bygovenunents orby chemical companiescontracted by governments 

to "protect" large parts of the country [I31 As early a s  1969 farmers field studies by IRRI 

economists showed that fanners profits decreased the more tfmes they applied insecticides 



(1 5,l7,33) The major motivation for 

applying insecticides was to insure 

in insecticide spending (Fig 3 4) After 

the farmers surveyed reached their peak 

spending, an  extensive rice brown 

planthopper ou tbreak seriou sly damaged 

14 - 
13 - 
12 - 
11 - 
10 - 
9 - 

4' the majority of their fields and over 20% 

cost of against the fear ofcrop loss, not to improve 
producing 
alay in profits this motivation was fueled by 

(U LB) ;.i ' ignorance about agroecosystems A 

representative study ofrice farmers costs 

from 1970 - 1973 showed a 4-fold increase 

4 lost their crop (I) Economic and 
1 

I I I I I I I marketing pressures intensiffcat ion 
ws Ds ws Ds ws Ds ws Ds policies without ecological bases and 70 71 71 72 72 73 73 74 

Fig 3 4 Insecticide costs as percentage fear had led to serious ecological 

of cash costs of rice production Laguna disruption that menaced rice production 
Philippines (1) 

120) 

3 2 EMERGENCE OF RICE BROWN PLANTHOPPER (BPH) AS A SECONDARY 

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

3 2 1 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 

control in rice in Indonesia produced in 1968 by a Swiss chemical company had no picture 

of BPH I t  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 16) 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 3 5 3 6) Years of huge 

infestations were years of especially high importation of rice At this time Indonesia was 
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Fig 3 5 Hectarage infested by Brown Fig 3 6 Imports of milled rice ( 000 t) 
Planthopper Indonesia 1974 84 Indonesla 1974-86 

the largest rice irnportingcountry in the world despite irrigation seeds and fertilizers and 

apparently despite insecticides (22) Similar outbreaks are shown for Malaysia and 

Thailand in the same period (Fig 3 " 3 8) (20,39,46) 

The Green Revolutjon 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 wlth additional sources of resistance (Indonesia) and by careful field 

monitoring (Malavsia) that emphasbed the ratio of BPH to natural enemies (39) The data 

Fig 3 7 Nectarage infested by Brown 
Planthopper ~ a n j i n g  Karang ~ a l a ~ s i a  
1975-84 

Fig 3 8 Hectarage infested by Brown 
Planthopper, Central Thailand 
1978-84 



Emergence uf Rice Brown Planthopper (BPHJ 21 

for Thailand and Vietnam are not a s  complete but deployment of new varieties with 

dffferent "resistance ' characteristics did take place 

3 2 2 Researchers' Ex~lanations 

3 2 2 1 Correlated Conditions 

The BPH exploded wherever the Green Revolution did For each factor--irrigation variel ies 

and fertilbers- laboratory (even phytotron) studies were used tojustify the relationship with 

BPH BPH were found to respond to relative humidity (associated with irrigation) canopy 

microclimate (associated with the dense architecture of modem varieties) plantingdensitv 

(modern varieties and new planting practices) plant age (20 days before flowering fn 

modem vanetles) and nitrogen contents ofwhole plants leaves phloem cells and sap (all 

related to ferti1i;rers) ('7.1 6) Each narrow laboratory study had some positive results but 

a s  most of these factors were essential to Green Revolution rice production control b~ 

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 modem vs 'traditional" varieties 

irrigation or fertili7erlwel were examined in field experiments BPH populations in reg1 11-u 

fields did not generally respond to the suspected factors of intensification a s  predicted from 

laboratory results (181 

3 2 2 2 Ecological Explanation 

The role of natural population regulation and its disruption-so well documented for othrr 

temperate and tropical agroecosystems - was discounted for years although the earliest 

study of rice planthupper outbreaks in Japan (24) clearly identified insecticide 

produced destruction of arthropod natural enemies a s  the key cause of outbreaks 

Biological control although mentioned in conferences was considered too complicated 

uncertain inapplicable or esoteric to form the basis of control 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 BPFI experienced high nalmal mortalilfes at all stages in fields witho~~! 

Insecticide treatment (25,391 
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BPH oviposition was reduced at  higher adult female densities (25) 

Hundreds of species of arthropod natural enemies of BPH could be found in 

farmers rice fields across Asia (43) 

Generalist predators like spiders water striders and mirids showed significant 

positive numerical responses to BPH densities in normal production fields 

W39) 

Insecticides killed most predators and thus increased BPI1 survivorship, 

fecundity, and population growth rate by many times 125,39) 

Gfven a BPH population in a rice field commercial insecticide applications 

invariably increased its population density (25.31) 

Insecticide-induced changes in survivorship were large enough to cause BPI1 

outbreaks as  rapidly as they were observed to occur in fields of farmers 

suffering outbreaks (25) 

Field mortality from natural enemies was sufficient to compensate completely 

in insecticide-free fields for the evolution of BPH populations able to feed on 

previously "resistant" varieties (1 1,25) 

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 (I 1) 

Natural control was the rule not the exception in tropical rice agroecosystems Many of the 

anomalous results of earlier field experiments trying 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 mortality compensated for the "pulse" of e g s  

125) Natural control for rice insect pests was a classic example of paradigm shift because 

it eqlained most things left unexplained by earlier theories The practical issue remained 

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

but insecticides destroyed natural enemies thus removing natural controls of BPH and if 

BPI1 populations elolved quicklj enough to 'defeat" vanetd resistance then how co~llrl 

BPH outbreaks be avoided in the Green Revolution? The route to an answer lay in work 

bcfng done with farmers by research economists 
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Economists studying farmers management decisions often described acute problems with 

rice pest management Thelr surveys demonstrated that most farmers in irrigated rice 

areas used insecticides years before the release of modem varieties (Fig 3 9) 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 fo11nd that investment in insecticides did not as  a rule increase 

profits while investment in lerti1i;rex-s did (Fig 3 10 3 11) (15,17,19) 

52 60 68 76 84 

Fig 3 9 Percentage Philippine 'Rice Bowl farmers using insecticides (1952-84) 
Each line represents a diflerent study (26) 

net ret urn ($/ha) for fwrners' fields in net re4 urn ($/ha) for farmers' fields fn 
siu Asian countries (1974-77) siu Asian countries (1974 77) 
[15,17,19) (15,17,19) 



Economists also re-in1 erpreted entomologists field trials They found slightly higher profits 

from insecticide use with the older modem varieties but very low profits and more often 

losses from insecticides used on the later (1980s) modem varieties At the time this was 

interpreted a s  the effect of "varietal resistance" - to unspecuied insect pests - simply 

substituting for insecticides The current picture (see Chapter 7 below) is that modem 

varieties by their selected physfological growth dynamics especially tillering rates (371 

compensate for most insect damage The modern rice plant being sink-limited through 

eucessive photosynthetic capacity, grows well despite defoliation Recent IRRI studies aver 

25 to 36 seasons in Philippine farmers' fields with varying pest pressure showed that 

insecticide s contribution to yield declined steadily across years being not signincant for 

the latest 5 to 15  years Insecticides did not significantly reduce risk (estimated a s  the 

variance in production across seasons) and contributed to yields less than 10% of the 

contr~bution of either fertilfjrer or varieties (23,40) 

These results were matched by the Intercountry Program s fiela demonstrations in the late 

1980s in Philippines Sri Lanka Indonesia and India Insecticid,~ do not in the majority 

of intensffied rice crops increase yield significantly and farmers who reduce insecticide 

use by 50 - 100Yo after IPM field training achieve lower variance - or risk - in production 

than when using more insecticides Economists found the frequency of (untrafned) 

farmers insecticide applications not to be correlated with insect damage but with fungal 

or bacterial disease symptoms or with nutrient disorders 134) 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 twenty years called for a general re-thinking of pest control because 

their surveys kept showing that the effects of insecticides were not the same a s  fertilbers 

They called for more work on "timingw of insecticide applications more reliance on 

"resistant" varieties more fundamental ecological understanding of pest problems in the 

f~eld and broader investigation of the impact of investment in insecticides on yield They 

have consislently raised issues of environmental and health risks from pesticide use and 

have been long term advocates of integrated pest management especially based on 

l~nderstanding of local rield condilions A 1990 paper from IRRI s economists concludes 



second generation technologies such as integrated pest management are more 
knowledge intensive and location specffic than the modem seed-fertilber technology 
that was characterist ic of the green rwolu tion Productivity gains accrue to farmers 
who have the ability to learn about the new technologies, discriminate among 
technologies offered to themby 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 productikity 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 hogram s work was intended to answer this call 

usually with the BPH crisis a s  an entry point to national implementation Policy changes 

carried out with political will a s  exemplified by Indonesia set up supportive environmrnls 

for human resource development programs 

3 2 4 The BPH Crisis in the late 1980s 

3 2 4 1 Indonesia 

The IPM experience of Indoncsia will be analy7ed in Chapter 4 so this section will sketch 

the BPH crisis and its resolutfon as background to other countries As shown in Fig 3 12 

the area affected by BPH beam to rise in 1985 becoming alarming in 1986 President 

Suharto issued a decree on 1PM a s  the national policy for BPH management in November 

1986 This more than doubled field staff for crop protection set aside funds for training 

and equipping staff and farmers endorsed other than chemical means of control and 

banned 57 trade brands of lnsrcticldes (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 nat i~rnl  

enemies (highlv resistant though lower yfeldingvarieties for one season and very selectir c 

treatment with a molting inhibitor but no other chemicals) and four years later there are 

still no significant BPH infestations in the country It appears that varietal resistance lo 

BPH is not an  important factor for long-term BPH management because most areas are 

planted with varieties susceptible to local BPH populations A s  well a s  banning 85% of the 

rice insecticides the Government reduced and by 1989 eliminated insecticide subsidies 

As well a s  saving over $100 million per year this reinforced the political signal that IPM had 

replaced insectkides 



3 2 4 2 Malaysia 

Malaysia's rice agroeco~stems concentrate 

on its west coast much closer to No11h 

Sumatra (a classic BPH agroacovstem for 

Indonesia) than either is to Java Figures 3 5 

and 3 7 show how closely the well-monitored 

Tanjung Karangrice area near Kuala Lumpur 

matched 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 affected by BPH reached a 

near-record high in 1990 In contrast with 

Indonesia s ban on organo-phosphnl es in rice 

a 1987 survcy showed the majority of 

appl~cations made by Malaysian rice farmers 

were organo-phosphates By 1990 an article 

in the newsletter of the Malaysian Plant 

Protection Society found monocrotophos to 

be Ihe leading insecticide used by rice farmers 

In Tanjung Karang despite its official 

restriction to of palm It was being marketed 

in units of si7e 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 MADArice 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 4 3 Thailand 

Fig 3 12 Hectarage infested by 
Brown Planthopper Indonesia 
1985 90 

Fig 3 13 Hectarage infested bv 
Brown Planthopper Tanjung 
Karang Malaysia 1985-90 

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

for use in rice Thai farmers grow for export so when the world price of rice rose significantly 

in late 1987 through 1q89 they inlrnsiffed their use of all hpu ts  to take advantage of this 

price Beginning in 1989 and peaking in 1990 was the largest recorded BPH outbreak in 



Thai history, a s  shown in Fig 3 14 
275 000 , 

146) While the recent drop in rice 

price removed farmers incentives to 

boost production by uncritical use of 

inputs BPH remains devastating For 

the  first t ime policy oriented 

conferences including Members of 

Parliament have been held to discuss 

the BPH problem and review the 

experience of other countries Jus t  

before his resignation in late 1990 the 

Prime Minister spent time every week 

inspecting BPH infested areas 

3 2 4 4  Vietnam 

Fig 3 14 Hectarage infested by 
Brown Planthopper, Central 
Thailand 1985-90 

BPH is a potentially dangerous insect pest of rice associated with hensive  appllcations of 

pesticides and sequential release of resistant rice varieties inVietnam during the last two 

decades The sustainability of self-sufficiency and exportation of rice inVietnam have been 

affected The Review Team was told that the cost 01 pesticide procurement by the 

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

Prior to the outbreaks of RPH the stem borers were the most common insect pests of rice 

For controlling these endemic pests insecticides were introduced in the Mekong Della 

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 in 

1964 1968 1972 and 1974 Eventually the first devastating out5reaks of the BPH 

prwailed in the Mekong Delta in 1977 and 1978 These outbreaks were temporarilv 

suppressed by introducing 1R varieties resistant to the BPH such a s  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 evolvfng 

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 

RPH resistance in the BPI1 epidemic areas IR36 was seenlingly erfective in stabili7ing the 

BPI1 outbreaks In parallel rhemical control measures were intensified by introdudng 



new pesticides MIPC and BPMC were 

distributed fn 1979 and fenftrothion 300,000 
carbofuran, and carlap became a\ ailable in 

1980 250,000 

200,000 
The BPH inkta t ions  were also gradually 

becoming serious in the Red Rver Delta 15()0()0 
around 198 1- 1982 after diarinon was 

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

50000 

In the Mekong Delta where IR42 and IR64 
0 

were predominantly grown and insecticide 

use very high the BPH popula tions evolved 

to feed on those varieties (labelled biotype 3) Fig 3 15 Rice area infested by Brown 

and caused intensive hopperburn on the Planthopper in Vietnam (1 986-90) 

summer crop in 1988- 1989 

At present dia7inon methyl parathion cypermethrin and various other organo-phos- 

phates and pyrethroid chemicals are widely used for treating fields with BPH a s  well a s  

other insect pests (leaf folders and stem borers) in the paddy fields planted with resistant 

t arleties like TR66 

FA0 in the 1970s and in a project entitled Strengthening Plant Protection Servfces' 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 FA0 to determine if recent information from IRRI on the 

economic status of rice herbivores that enter the paddies in the first 6 weeks wouId now 

suggest that such early pesticide applications may be necessary Indeed it is now 

suggested that such early applications could contribute to the paucity of natural enemies 

as observed by the Review Missfon and the dangerouslv 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 pestirides in the paddy ecosystem The followfng 
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problems were elucidated a s  the probable causes of the BPH resurgence 

1 Calendar-based repeated applications of broad spectrum and non-selective 

insecticides such as  BHC methyl parathion diarinon and other organo 

phosphates whfch are well known to Induce BPH resurgence in other 

countries because of their non-selective toxicities to 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 mfnor damage 

caused by leaffolder casewom whorl maggot etc These pests rarely cause 

yield losses b11t their conspicuous defoliating appearance [symptoms) eas~ly 

motivate fam-tars to spray pesticidts triggered by very low economic threshold 

levels 

3 Recommendat ion ofmixed applications oforgano-phosphates and carbamates 

with pyrethroids for BPH control Thesemixturesmayglve quicker knockdonn 

effects to the pest Insects but at the same time they are more destructn e to 

natural enemies 

In the Maha (we0 season 1980/90 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 insect Iride applicattons by 20-50 % [av 35 %) How did IPM trained 

farmers fare during this BPH 'outbreak"? The results 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 sfgnificantly higher yields dgnifirantly lowrr 

damage from RPH and signiffrantlv lower insecticide use than untrained farmers (Tahlc 

3 11 
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Table 3 1 Area cultivated BPH affected area insecticide use and yield for IPM trained and 

untrained farmers in the BPH "outbreak' season in Polonnaruwa (Maha (wet) season 

1989/90) 

TRNNED UNTRAINED 

FARMERS FARMERS 

Area cultivated (ha ) 181 1 79 

Cultivated area affected by BPH 18 8 48 6 

Number of Insecticide Applications 0 6 1 6  

per season ' 
Cost of Insecticides in the season 229 24 736 37 

fRs/ha) a 

Amol~nt of Insecticide used in thc 356 1526 

season (ml fom~ulated proclucl/ha ) 

Yleld [kg /ha ) 4654 3 4  55 

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

c111lnated was affected by BPI1 and their average spending on insecticides during the 

srason was 7'36 Rs/lla Both this last figure and the average number of insecticidr 

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

surveys 

60 

In contrast 1PM trained farmers mean 50 

yield was 4654 @/ha in large part due to 
4 0  

an average BPH affected area of only 18 8 

%whichcan be attributed to a significantly 30 

lower use ofinsecticides by trained fanners 20 

a s  could be expected from the earlier 

s~l rveys  In fact farmers using no 
0 

Insecticides at all dtlring Maha 89/90 (48% ~ I N C D  TRAINCD UNTRAINCD 
-< 

No Insecticides Insectirldes 
of the trained farmers interviewed) had an  Jnsecllcidcs Used u s e d  

even lower area affected by BPH 12 3 % Fig 3 16 Area afrected by Brown 

(Fig 3 16) Mmt certa~nlv the untrained Planthopper ( O h  cultivated area) for 
IPM trained and untrafnrd farmers 

farmers (with 4 8  6 ?4 affected) a g ~ r - n ~ t c d  Polonnaruwa W7ha 198<3/90 



Table 3 5 Number of farmers and trainers that received IPM training Philippines 

-- - pp - 

REGION FARMERS 

1984 1985 1986 1987 1988 

1 103 621 2 030 306 663 468 4,191 

2 29 23 1 548 528 2,819 5,499 882 11,328 

3 464 2 429 5,628 964 2,145 2,068 202 13,900 

4 115 1 624 5,998 1,748 442 233 10,160 

5 265 1 637 3,325 4,676 3 959 2 333 1,033 17,228 

6 42 922 6 323 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 865 1 007 246 7923 

10 811 7 622 392 3 805 3 013 1043 16 686 

11 84 2 337 1028 2 C30 1046 2,216 1,275 9,986 

12 346 3879 6618 33788 10769 4205 545 59150 

CAR 527 527 

TOTAL 1778 13 649 40266 50 789 33 371 26 819 8 377 175 049 

- -- -- - p- - - - -- - 

REGION APT (Extension Workers] SMS Trainers 

1987 1338 1989 1990 TOTAL 1987 1988 TOTAL 1984 86 

CAR 114 114 - 

TOTAL 7929 2143 815 215 11102 76 661 737 98 



Total Rest of Asia Rest of 
Program World 

Fig 3 18 Total paddy production (milllon MT) in 
program co-untries and the rest of Asia and the 
World 

Table 3 4 Number of IPM trained farmers and trainers in Program countries 

Core Extension Extension 

Fanners Farmers Trainers Trainers Staff Stan 

Trained Exposed Trained Exposed Trained Exposed 

Bangladesh 1.500 5,000 25 200 700 250 

China 5,000 140 

India 50000 50000 50 5.000 

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

Malaysia 2,500 38 000 25 500 

Philippines 175 044 737 11 102 5 000 

Sri tanka 87,108 233 2,600 

Thailand 45,000 

Vie tnani 860 

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

Category Tolals 600 017 2 070 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) 



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 

India 

Indonesia 

Bangladesh 

Thailand 

Vietnam 

Philippines 

Sri Lanka 

Malaysia 

In Fig 3 18 the total paddy production (million 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 categories trainers trained 
farmers farmers influenced by lateral transfer of knowledge from trained farmers frable 

3 4) 
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Table 3 2 Funding I$ x 1000) of FA0 Field Projects (N = 2 19 1) 

3 6 2 S~ecific as~ects  of the ornanizational strenEthenine:~rocess necessarv for 
promotin$ the IPM movement in Asia, 

Mean Standard Median Mode 

Deviation 

The organbational management tools that have gotten the Intercountry Program to the 

present point where this Mission can even talk about the possibility ofmillions of fanners 

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

better service of the strong and exploding demand for IPM 

Regional UTF 

1 The $ecentralbation of operational and hancial  authority plus administrative 

processes to the Intercountry Program and subsequently to national program 

operations 

2 The design of functional SUDDOI? service ~ositionq at the Intercountry Program level 

based on a strategic assessment of required future levels ofresponse capabilities and 

task loads and mirroring program funclions at the country program level 

3 The translation of the above assessnlenl into a ~taff/~ersonnel develo~ment ~ l a n  

rovering Phase I11 of the Inlercountry Projrct This plan will be closely linked with 

human resource development programs at  the national program level 

4 The creation of an anticipative fnanaeemenl s u ~ ~ o r t  ca~abilitywithin the Intercountry 

OITice that will be capable of providing 011 sILe backstopping for evolving country 

programs National program staffmust be recruited and trained in the processes of 

planntng programming budgeting and administration so that management structures 

will be in place and ready to provide the p~erational sinews for anticipated technical 

program growth 



This leads to the construction of national 1PM policy, creation and growth of national 

steering bodies, and formulation of project plans for donor support At this point the role 

of the Intercountry Program shlfts 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 units to compare across Asia The Intercountry 

Program has a critical comparative role facllitatlng national programs' efforts to compare 

ecology, economics, training lateral spread, and operational management arrangements 

between their specific rice bowls and those of other countrks The Intercountry Program 

will play a key role in developing the language used by national programs in interpreting 

and understanding these rice bowls 

16 1 

UNDP India Netherlands UNDP Danfda JICA China USAID USAID 
(5 years] lndla (4 Bangladesh Bangladesh (5 years) Phlllpplnes Indonesla 

years) (5 ycars) (6 ycars) (5 years) (2 years) 

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

Pump-priming through pilot Meld activities inventory and supply/identiffcation of basic 
IPM parts catalysis of national policies and programs marshalling donor support 
documenting the lessons learned creating a language of fnterpretatfon 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 FA0 (see Annex 7,  Table 3 2) and the sixth largest field project of any type (out of 219 1) 



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 staff 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 various approaches " 

3 6 EXTENSION OF INTERCOUNTRY PROGRAM AND STRENGTHENING OF 
NATIONAL PROGRAMS 

3 6 1 ZPM as a Movement 

In the area of IPM program development, a number of interested constituencies are needed 

These constituencies are eager to achieve the same benefits for their countries as their 

counterparts did in countries that created National IPM Programs earlier 

Basic constituencies in each country 

Farmers who master the IPM process and explain it to others 

Village workers (extension, NGO, etc ) who master the IPM process and explain 

it to farmers, their colleagues, and their superiors 

Crop protection and economic experts (university, research institutes, Ministries, 

etc ) who carry out and confirm basic field studies 

Non-Formal Education experts who develop empowering discovery learning 

exercises 

Policy makers in or out of agriculture, who act on inionnation delivered in the 

context of national development strategies and maintain working structures for 

IPM field work 

Supportive donor community 

Envfronmentally conscious citizens who create an atmosphere of concern 

The pump-priming job oithe 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 helpful 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 



Intercountry Program to prpsent IPM a s  part of national development strategy before the 

major donors of the development community This catalywd donor support for larger-scale 

IPM national programs and rajsed interest among national policy makers in essentially all 

the member countries 

Policy makers boost4  support for IPM Thev increased funding and siaffjng from existing 

resources T h ~ v  divertrd funds from external grant and loan programs They proposed new 

IPM projects and programs to larger donors such as  UNDP They establisl~ed interagency 

taqk forces for for direct action They reduced or abolished subsidies for pesticides and 

they banned or restricted specific chemicals for environmental and health reasons 

Pol~cymakers actionschallengcd JPM implementors to scale up theirefforts Evldenceironl 

thousands of farmers got polfcy makers to push nationnl programs to reach tens and 

hundreds olthousands But in tlw backgroi~nd of every derision was the image of the true 

numbers of llce farmers tens and hundreds of mlllions Nalional policy decisions 

established polltical will and indicated acceptablr directions for growth and change 

Benefits from national policy decf.;lnns have been quick and reld ivelyhrge Unlessmlllions 

or farmers however master field skills and solve field problems for themselves the impact 

of policy will be blunted by commercial pressure and fear 

The Intercour~try Program as  well as 

o cataly7ing the range of policy decisions listed above 

o pro\ idfng in-country examples of IPM Neld implementation 

o assisting national programs to share and learn from each other 

o accelerating the flow of useful research informal ion and 

o helping det elop a common working language for planning monitoring and 

evaluating IPM 

designed and supported three experiments exploring alternative routes to large scale IPM 

implementation These experiments took place in Sri Lanka Indonesia Malaysia Thailand 

and Philippines The three alternatives are IPM a s  part of the Training and Visit Extension 

System - promoted for more than a decade by the World Bank IPM through Strategic 

Eutension Campaigns - an  application of social marketing deployed by FA0 in agricultural 

evt ension and IPM Lhror rgh Non-Formal Education - an empowering approach rooted in 

NGO and cornrni~n~l\ crrg-1ni7inq lr-idlifons 



practiced IPM showed it 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 fanners and 

with greater confidence than they had before training In order to help trainers assess their 

efforts, field skills tests like the 'ballot box" multiple choice exercise were designed tested 

in real fanners training and adapted and adopted by nearly all the national IPM programs 

Farmers were more excited to learn to recognbe predators in thefr own rice fields than they 

were to save money Much of their pest control spending had been for insurance rather t han 

investment so the discovery of whole armies of allied species in their fields more than 

satisfied thefr need for security With the confidence of better diagnostic skllls and 

reinforcement of protection by natural control rather than repeated applications of poison 

farmers asked more and more questions about rice technology The initiative began to pass 

from extension workers (chasing farmers to meet assigned adoption targets I over to 

farmers (chasing knowledge about agroecosystems from extension and crop protectfon 

specialists) Field sMlls irafning spread back up the hierarchy a s  extension and crop 

protection systems moved to meet the demand for better equipped field st& to deliver 

training in farmers fields 

The Intercountw Program cataly7ed this transformation from applied research and 

surveillance lo field sMlls trarning then helped counterpart agencies respond to new 

demands Country by countn crop protection units redefined for their mother agencies 

and outsfde observers the indicators they preferred to judge their performance Farmers 

trained production costs saved and net profits increased became more acceptablr 

indicators as  did the quality ofthe predator communities in rice fields Administrators and 

policy makers began to take note When the budgets proposed for crop protection m i l s  

jncluded more funds for field training and less for aviation fuel policy makers understood 

that human resources rather than infrastructure was being developed They took the 

lesson and acted 

3 4 3  Pernand for IPM Takes Off - The Challenees of Scalin~ UD 

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 rationalbed economic development IPM 

became a small but visible cornerstone for national development stratefiles answering lhe 

more widelv and more deep]\ felt concern for environmentally sustainable development 

The 1988 meeting of the Intergovernmental Group on lndonr sia allowed Indonesia and 111e 



36 3 BACKGROUND 

lhc network ofcolrnterparts saw ]PI4 aas the properly nf pest st~rvaillance systrms They ,711 

used a common technical vocabulary but there was no connection yet with development 

The Interco~mtry Program was a project-style mechanism for specialiqts from different 

coi~ntries to meet each other talk share experience.; and rompve perceptions The first 

activities of the Program workshops on Surveillance and Firld Trials exardsed these 

welcome opporl~~nities 

Good crop protection technology from research instituteslangi~ished so long as  fanners had 

not developed field skills Until farmers could recognbe 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 inseclicidcs These 

treatments killed natural enemirs of rice pests inducing resurgence and more rapid 

evolution of phenotypes able to feed on resistant varieties Go~ernments relying on large 

scale multipliration of resistant varieties for pest control did not receive timely feedback on 

the field performance of those varieties When pest evolution 'overcame" that resistance 

gokernments were cal~ght in dangerous delays in replacing the varieties Fear pushrd 

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 possibilities emerged 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 collld be properly diagnosed and quickly managed locally 

There could be faster more accurate feedback from the fleld on performance of varietal 

resistance pesticidrs and other crop protection materials Better information could filter 

up the surveillance systcm and thr coverage of the system on the ground was much denser 

Field demonstrations showed IPM lo farmers and extension workers but field skills came 

only with practfre F~eld skjlls trdning where farmers and evtension workers walked 

talked touched and thought together in rlce fields with crop protection specialists became 

the crux of the Interco~~ntry Program It was not e?s, It took a whole season of distribut ed 

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

3 4 2 2 Farmers take IPM for themselves 

hational proqrnms Illat investcd 111 firld skill.: trlfning wrwe si~rpriwd h] farmers (26) 

F?nnrrs euccrdwl tl t i  field sl. i l l <  o f  c\ t ens i~n  ~vorkerq ?ft t r  onr w l i t l  sc?wn Farnvrs 
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- - 

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

I 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 

3 4 EVOLUTION OF THE INTERCOUNTRY IPM PROGRAM 

3 4 1  Pr eOoerationa1 and Phase One 

The Intercountry Rogram was "jump-started" by Australia Funds from the Austral~an 

Freedom from Hunger campaign and ADtiB supporled the 1978 Expert Consultatfon in 

Bangkok where the original seven member countries (Bangladesh, India Indonesia 

Malaysia Philippines Sri Lanka, and Thailand) met to agree that an Intercountry Rice IPC 

Program was desirable Shortly after that meeting the first intercountry training course 

on IPM for rice was held in the Philippines with support from USAID and participation of 

IRRJ FA0 and the Philippines Bureau of Plant Industry Australian funders also 

supported critical preparation and formula tion missions b y  D Bottrell and T Hogan1 that 

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 to hire i ts  first omcer (J Lowe) and hold four intercountry meetings 

After two years the Program received funding from the Netherlands in the form of a 5-year 

tmst  fund Second and third officers were hired and the Program began fleld actidties in 

Philippines Malaysia and Srl Lanka 

3 4 2 Transformatfons d w i w  first vemq ?f field work 

3 4 2 1 From applied research and surveillance through fleld demonstrations to 

training 

The In1 ercountm Program s f o ~  mders did not foresee IPM becoming the property of farmers 

The project document writers saw IPM as  the property of apphed enlomologfcal researchers 



heap of dmerent foods on a single plate Both China's and IRRI s IPM lacked unifying 

principles so there was no way to judge 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 lhis self inflicted loss of direction has 

been the chemical industry So long a s  IPM researchers can be set chasing impossible and 

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

 PI^ pang cripples IPM research but the Technical Package" produced by pin pang further 

falls to come to grips with the scale of local variability found in tropical rice agroecosystems 

lnsect densities can vary by faclnrs of 1000 across less than 10 meters distance in the 

tropics Insect densities can vary by a factor of 100 across durations orless than one week 

Insects in the tropics have 15 or more generations per year Every nce paddy can be 

managed optimally and differently from its neighbors Secondary pest resurgence can be 

started b> mismanagement in one r~ce  paddy and spread out to neighbors in days The rates 

nf c h ~ n g e  in time s p c e  and genetic composition are orders of rnrignit~~de faster than in 

temperate 7ones where component-based packages originated 

If'l1-11 is the answer to this variah~lity? Natural population regulation Biological control 

of lnsect pest popuhtions in tropical agroecosysterns takes the place of climatological 

control in the temperate 7one Natural enemypopulationsrespond numerically funct ionally 

and e\olutionnrily to changts in prey populations As IPM moves from temperate to the 

tropical  ones for any cropping s y ~ t  em biological conlrol is the only factor that keeps up 

~ 1 1 1 1  binlogicalvarl~hllilvinpests IPM for trnpicnl rice a4 fni~nd ~arlfcrwith IPM fortropfrnl 

plantation crops must build on biological control a s  its foundation It must be very careful 

not to disrupt that biological control with Insecticides cultural practices or other 

management errors There are no winters to rely upon 

With biological control as the ecological foundation it became possible for both the Chinese 

and the Intercountry IPM Programs to establish principles for IPM They converged onvery 

similar principles (box) These principles were applicable in the entire range of rice farming 

svstems The) are nol a 'Package" They do reflect consensus on a paradtgm for rice IPM 

The paradigm presumes that the rice crop can compensate for most feeding damage by 

hrrbivores especially early in the crop It also presumes that communities of natural 

enemies are competent to control herbi~ores In the majority of crops 
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This system was advised by J Lowe who worked for IRRI and saved tens of mfllions of 

dollars by the simple rule that any report of tungro infection in rice had to be confirmed 

U e r o u n d  by a trained plant protection specialist before aerial application was authorbed 

This was probably the largest program ofjudicious use of insecticides in the world up to that 

time Many other Asian countries later set up pest survt4lance systems often to help crop 

protection units defend themselves from legislative criticism 

In 1974 the FA0 Panel fielded a consultant, M Way, to look exclusfvely at prospects for rice 

IPM He met not only researchers but many representatives of the staffs of national pest 

surveillance systems His report 145) 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 Panel s discussion of thfs report then allowed Waterhouse to 

begin searching for funds from Australian sources to support the preparation of the 

Intercountry Program 

3 3 3 Emernence of the IPM Paradian 

China and IRRI were the two centers of research on IPM for rice in the 1970s Both grew 

from work in distinct sub-disciplnes 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 

identfnable sub-disciplines e g 

'Resistant Variety 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 extensionist s 

to conclude that 'IPM must be too complicated for farmers to ever use especially poor 

uneducated Asian rice farmers" (1 2) 

This conclusfon was wrong but so was the approach of slapping together IPM 'Components" 

into a Technical Package" In recent reviews or their own IPM development Chinese IPM 

leaders (491 have characteri7ed this period of thinking a s p  pang--meaning an una ttractn c 



ye1 achieve yields no higher than China where insecticide costs are below one tenth or 

Japan's The total costs of crop protection - surveillance information distributfon and 

pesticide treatments - in Japan exceed U S  $2 billion per year 

IPM In the Asian tropics was consciously built on biological control Work by G Conwav 

M RIO and B Wood (4,41,47,48) and theircolleaguesin cacao rubber oil palm and other 

Asian perennial crops began in the 1950s In each case overuse of broad spectrum 

insecticides releasrd secondary pests and created catastrophic outbreaks Biological 

control was in all these cases considered the primary population regulatfng 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 cotton growers in the Canete Valley in Pen1 

eliminated cotton a s  an  economlcnlly viable industry Only when control measures were 

designed to conserve indigenous nat t~ral enemies of insect pests and insecticide applications 

nllnimbed could colt on be grown The cot1 on experience was repeated in Northern Mexico 

Nicaragua Sudan and India and cotton IPM became the best known example of IPM in 

developing countries (44) 

3 3 2 The FA0 Panel of IPM Experts and IRRI 

The FA0 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 ofAustralia who felt the human investment in rice far exceeded cotton 

and represented a blgqer challenge for IPM in developing countries Only in 1971 was a 

consultant R F Smith fielded 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 to the Entomological Society of America were the first 

published recognitfon of the necessary role of IPM in tropical rice (44) 

Entomologists at IRRI began to talk and write about IPM after Smiths visit Their work 

remained channeled in sub-disciplines like host plant resistance and chemical control but 

lacked the unifying ecological h ~ s f s  that IPM rrql~ires IRRI WIS involvrd in a practical 

eunmple of prsticidr man-~grin~nl in Indh in thy rarlv 1970% A rict- t ~ l n q ~ o  v h l s  

s~lrveilhnce svslcrn was set up to improle the rffirirncy of aerhl insecticide applications 



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 c ~ a t i n g  resurgence of BPH 

The increase use of insecticldesmight 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 gik ing 

farmers the tools to limit 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 insectfcides than untrained farmers but also earned an estimated 4800 Rs/ha more on 

their crop through an increase in yield (1200 &/ha yield increase times an estimated farm 

gate price of 4 Rs/kgl 

3 2 4 6 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 a s  the chlorinafed 

hydrocarbon insecticideswere replaced by organo-phosphat es through the 1980s Interviem s 

with fanners reveal the classic pattern of treating early season defoliation symptoms 

followed by BPH in spreading waves of hopperburn with treatment 

The experiences ofAsian countries in 1990 show that BPH in rice is still a crisis with political 

implications The experfence of Indonesia shows that it does not have to be 

3 3 RECOGNITION OF THE PLACE OF IPM IN RICE PEST MANAGEMENT 

3 3 1 IPM Prior to the FA0 Panel of Ex~erts 

IPM for rfce was pioneered by K Kiritani and colleagtres in Kochi Prefecture Japan in thc 

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 recognked so that by late 1969 chlorinated hydrocarbon insecticides were 

banned fn Japan Much of Japanese rice pest management relies now on an  elaborate 

monitoring and forecasting system funded by the government The extremely high domes1 IC 

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 rfce f~elds 



Clearly, it is not possible to independently valldate these statistics, nor was It the intention 

of the Misslon to attempt to do so However. the Mission was particularly interested in 

inte~viewfng 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 invoked from 

country to country, and how effective 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 million 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 emcacy of lateral spread of the IPM philosophy 

and the integrity of the message during this spread. were of special interest to the Mission 

3 7 THE IPM MODEL 

The ultimate goal of Integrated 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 maiu means used to manage pests, and the primary decision-maker in the 

process The table below summarizes the shift that is sought 

Dimension J3xistinv Belief Pew Belief 

What 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 fn beliefsabout pest management wll' tmduce yields at least as Ih;gk, aswltn pesticides 

sustain the environment and improve the health of farmers Central to the Intercountry 

Program s efiorts has been the goal ofbringing 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 accomplishm~nts to date must be considered as  the first steps 

towards converting 200 million rice farmers to a new way of thinking about the management 



of pests in agriculture The experiences of the Program across the nine countries visited 

by the Review Team and each country s current situation 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 thts outline here as  a framework within which 

to think about the future of the Intercountry 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 activities are the stages that the 

traditional agrjculluralists and farmers go through as they shift to a commitment to IPM 

Also included is a chart [see next page), prepared by Rogram staff, of IPM milestones and 

the progress in each country 

The summary observations on each country in Sectlon 5 of the report wfll indicate roughly 

where each country is in this process of change All have started to change Some like 

Indonesia, the Philippines China and India are well along towards conversion Others, like 

Vietnam and Thailand, have not progressed as far The country reports also summarize the 

contributions made by the Intercountry bogram in each national setting We hope that 

the reader wfll be as  convinced as the Review Mission is of the sfgnificance of these 

contributions towards changing the way agriculturalists and farmers in Asia thfnk about 

pest management 

Much has been done but much remains to be done Some countries have yet to make the 

policy and resource commitmentsneeded to produce large-scale adoption ofIPM Pakistan 

Korea and other countries have shown interest recently in joining the network And the 

technologies and methodologies for implementing integrated pest management even in the 

most committed countries still need to be improved 



AN OUTLINE OF THE IPM CHANGE PROCESS 

MAIN AcrnnTIES 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 fdormation and 
advice a s  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 
~ITicers come 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 servlces 
beglns to be noticed 

"Going to scale* Large 
numbers of farmers 
adopt IPM 

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





4 ECONOWC, SOCLAL AND ENVIRONMENTAL BENEFITS 

4 1 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 

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

higher yields 

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

have both economic and health consequences) 

improved occupational health of farmers 

improved sustainable agrlculture. and therefore long term economic and 

human beneflt 

reduced environmental contamination. with 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 two mutually reinforcing routes 

o airect farmer training through extension and the lateral spread of the 

knowledge and practice from trained l o  untrained farmers 

o cenlral policy changes by governments the implementation of which will 

influence farmers practices directly and indirectly but which also result in a 

more effective expenditure of public funds For example, a poky change by 

Government might relate to a subsidy alrectingproduct price, a ban on the use 

of certain categories of pesticides or restricted advertising of pesticide 



products The policy could be more prescriptive. such as  Presidential 

(Indonesia, Phflipplnes) or Ministerial (India) decrees declarftlg IPM as national 

strategy 

The individual country reports in Section 5 summarize information collected on the benefits 

to date in each country Tflis section concentrates on analyzing the benefits that have 

stemmed from policy changes by National Governments reflected through decrees or 

macro-economlc reforms concernhg 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 identify 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~iore treat 
L 

Indonesia as a separate case to illustrate that the program has more than handsomely paid 

for itselfifwe consider the benefits accruing to tlmt 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 FA0 Mission be encouraged to conduct a more 

comprehensive analysis of benefits flowing from policy shifts In our comments on the 

future 01 the Intercountry Program and its relatlonship with emerging national programs 

we draw on the conclusion reached in thls section about the need for good understanding 

of the principles of IPM and strong support for its application via llxm policies by National 

Governments 

Inforrnntion and conclusions contained in this section and Section 5, we hope. -.dl show 

FAO, donor Governments, the recipient countries and oI.llerpotentla1 donors that investment 

in thc Intercountry Program has been, and will continue to be of substantial benefit to 

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

4 2 THE INTERCOUNTRY PROGRAM'S CONTRIBUTION TO POLICY CHANGE 

IN INDONESIA 

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



impression that his intellect and grasp of these fields are formidable Those who have 

worked with him and his staff realize that they are in continuous communication with an 

'invisible college" of advisers, consultants, resource persons and scien#c 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 lmpressfve 

string of Asian policy makers ready to receive 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 Asia flow in real time and with real Impact Vital 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 savesyears of knowledge dilfusion efforts 

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 

meetingwhere 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 

allocatfon fn a context where the powerful chernlcal industry's well-bein~g is at stake 

Politics works in real time wherc a week is a long time Any activity funded by an IPM rice 

program in Asia is politics whet hcr 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 d 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 o country become fused, powerrul change becomes possible 

The Review Team believes that the key to the Intercountry Program s impact in Indonesia 



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 

4 2 1 1 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 makersbecame concerned about possible future risks to food security from 

pest and disease outbreaks, even at a time when Indonesia received official honors from 

FA0 for Its achievement of rice self sufficiency The memory of the devastating Brown 

Planthopper (BPH) outbreaks in the late seventies was still fresh, and new outbreakswhich 

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 BPI1 outbreaks 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 Intercwmtry 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 coiiviricing picture emerged of an altenlative and much safer future for 

rice in Indonesia that was In line with the new tllfnking about sustainability in development 

The IPM altcmative was also in line with the conviction of the country's econo~nic policy- 

xnalccrs that the economy had to be deregulated and illat considering the new information 

about rlsks to rice production, subsidies on pesticides were seriously distorting economic 

development 



However. there were serious political risks associated with advocating such a strategy of 

radical and unprecedented change There was simply no other rice ecosystem of the size 

and type ofJava that had gone through the proposed abrupt changes Even though the case 

seemed convincing in the seminar room, there was nobody who could present data to show 

that it would work at the scale of 4 millfon hectares of rice--at least not at the speed and 

with the level of control necessary Any setback in implementing the new strategy would 

inevitablybe used to advantage by a large and well entrenched pesticide lobby It was when 

the new wave of BPH outbreaks in central Java threatened national production and 

possibly political stability that policy-makers were able lo take the initiative 

It seems evident that a political 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 2 1 2 What did the Int*rcountry Rogram do and how did it influence the changes 

fn Indonesia? 

Avisit of a few days to Indonesia Is certainly not sufficient 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 to operate up tolate 

1986 were appallingly difficult The counlerparl directorate was a key force in supporling 

the overuse of pesticides To have the small and apparently naive group ol 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 

actually converted a number of people in that system was not small achievement and it 

created a bridgehead for IPVI in that environment 

In fact the really important 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 consultations between staff from economic policy 

institutions and Dr Kenrnore began in 1985 The 'invisible college was used to feed 



information into these channels, and the Program sAsian 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 consultaUons provided considerable risk to the 

program as  counterparts and the technically oriented FA0 system would have interpreted 

thfs assistance a s  'talking to the other side " 

4.2 1.3 Did the Intercountry Program create INPRES 3/86? 

Emphatically not This was an internal Indonesian allair but the Program through the 

'invisible college' made concepts and links to expertise available that would otherwise have 

been dimcult 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 possiblo 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 fn 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 results from the first multi-province 

training of extension workers and farmers in field IPM in Indonesia conducted durlng May 

to September of 1986 These trialsshowed a reduction in pesticide use from 4 5 applications 

to 1 9 applications with increasing ylelds The trials were entirely funded by the program 

Results like these were exactly to the poinl there was Indonesian evidence that the experts' 

contention that BPH outbreaks were triggered by insecticide overuse were true The 

advocates of the status quo had argued that if pesticide use were to drop yields would go 

down. and Indonesia would have to revert to importing rice again 

When INPRES 3/86 was declared the country was on the brink of a devastating BPH 

outbreak The pesticide subsidy was about 75% of unit producer cost and an unhealthy 

nexus of vested interests, bureaucratic manipulation and ignorance existed Subsequent 

changes were impressive 



o Slx --*onths lstcr the BPI I outbreak was under control with losses much lower 

than even opbnids  werc willing to predict 

o Two years later the pesticide subsidy was abolished, taking an  evtremely lucrative 

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

industrial lobby 

o Two and a hall years laler t ' ~  R\',l!ional IPM Program was launched 

o Four years later rice produclio~l is 1'1) to the highest level in Indonesian history 

pesticide production is down 67% ( F I ~  4 1 4 2) and in 1900 Ihc National IPM 

program has  grown fro111 a concepl lo probably the most successful IPM program 

in the world 
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It is in this period since the decree that the role of the Intercountry Program has become 

much more visible and belter documented The following list of events and of the policy 

results linked wit11 them provides an outline of the Intercountry Programs involvement 

over the last five years 

March 1986, The Program sponsors a number of BPH specialists, including an Indonesian 

academic scientist, to attend a meeting in Malaysia in conjunction with the Malaysian Plant 

Protection Society s Congress Plans are made to hold an international workshop on BPH 

modelling later the same year An Indonesian delegate ofiers lo hold the workshop at Gajah 

Mada Unlverslty in Yofijakarato wl~erc 'tlicrc is a lot of fJP11" The nleetlng agrees and the 

workshop is held in Yogjakarta in early December 1986 The lntercountry Program is fully 

aware that having the meeting in Indonesia is politically sensitive but important and 

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

December 1986, The planned International Workshop on BPH Modelling is convened in 

Yogjakarta just 3 weeks after INPRES 3/86 The meeting with 35 international experts in 

this field becomes a highly visible stage to express world support for the new policy The 

then Junior Minister forAgriculture Wardoyo opens the meeting At the end of the meeting 

Minister Wardoyo accompanies four delegates f r ~ m  the workshop Dr K Sogawa from 

JICA Dr J Perfect from TDRl Dr M Shepard from IRRI and Dr P Kenmore from FA0 to 

a meeting wilh President Soeharto in which the four delegates confirm the strong support 

and enthusiasm of the technical world of IPM for the new policy This meeting was widely 

publicized 

A~r i l  - June 87, The Intercounlry Program funded and provided guidelines for training of 

200 IPM 'master trainers It is fron~ this pool of trained pest observers in the Ministry or 

Agriculture that the core trainers of the Na tional IPM Training Program were later recruited 

Julv 1987, Results from research station Meld trials at Cajah Mada University showed 

higher yields, 100% higher predator populations and 75% lower BPH populations on 

pesticide free fields Senior Indonesian scientists conlmunlcated these results to policy 

makers The Intercountry Program funded and supported this research 

Mav 1988, Results from a new farmer training field trial with largely improved me tho do lo^ 
and better prepared trainers [see above) come in and arc inunediately processed for quick 
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dissemination The 2250 farmers receiving trainlng 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 lligllly profitable h e  Intercountry Program funded these 

trials 

June  1988 Dr Kenrnore is invited to joi7 Ihc annual meeting of the Intergovernmental 

Croup on Indonesia (ICCI) in The I Iague lo brlcf the members on Indonesia s elTorts in rice 

IPM Thls presentation at  the main venue for the international donor community for 

Indonesia draws enthusiastic responses from delegates Press conferences by Dr Kenmore 

in Rome Washinglon and The IIague in conJunclion w i h  the ICCI draw strong posilive 

response from the international press An influential member of the US congress the 

Honorable D Obey uses material from a Washington meeting with congressional staffers 

to enter a motion commending Indonesia s policy commitnlenl into the US Congressional 

Record Indonesia's Coordinating Minister for Economic Affairs Drs Radius Prawiro the 

Minister for Development Planning Dr Saleh NUT and the Senior Economic Adviser to the 

Government Dr WidJoJo Nilisastro witnessed Dr Kenmore s briefing at  IGGI 

AuPust 1988,The Minister ofAgricullure Wardoyo who a s  Junior Minister had led the four 

scientists to the meeting with the President altends a National IPM workshop in Bali where 

Meld results 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 lhat the small crew of IPM 

supporlers in the Crop Proteclion Directorate the outcasls of former times were now 

honored by a ministerial visit was another significant signal of change and of new 

possibililies 

October 1988 - December 1988, About 4 months afler the ICGI meeting the pesticide 

subsidy is reduced lo 40% and three monlhs later il is completely abolished It is without 

doubt that the results produced by the Intercountry Program from late 1986 on have 

idIcaenced this turn of events Program funds were uszd in such a way as to produce w h ~ t  

was needed in terms of hard data and materials that could be used to demonstrate the 

viability of IPM The Intercountry Program s sensitivity to political context its capacily lo 

anticipate what would be needed nexl and lo work to exhauslion lo produce results and 

Dr Kenmore s superb skills as a comrnunlcator and a motivator all together helped lo 

produce what is now the Nalional Program in rice IPM in Indonesia 



October 1988 to June 1 9 W  The Program supports a consultancy for Dr Kevin Gallagher 

to prepare a curriculum and to 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 deadllne for the first season s training 

June 1989 to November 1989. The program advancesn~oney to Dr Russ Dilts and Dr Kevin 

Gallagher out of Intercountry funds a s  bureaucratic delays make it impossible io pay their 

salaries from National Program Funds This flexible response ensured that during the 

sensitive first slx months orthe proJect progress was sulficient to convince people that the 

Program had started successrully 

To ask the same question a s  before did the Program abolish the subsidy? Obviously not 

no outsider can do anything like that in lndonesia But the Program did provide important 

inputs for prudent policy makers to be assured that it would be technically safe to abolish 

the subsidy without negative impact on rice production 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 

Inlercountry Program provided addition,ll technical testimony in the political arena 

lecllnical expertise for the design and star 1-up of the National program and a flexible 

distribution of resources to allow the Nalional Program to start strongly 

4 2 2 Economic im~act  of ~o l i cv  changes on IPM in Indonesia 

The pesticide subsidy was first introduccd in Irido~lcsia a s  part of a broader fertflber 

subsidy paclcagc in 1974 Pesticidc usagc I ose slecply from 1977 to 1986 after importation 

of forniulated pesticides was banned during thc period when the pesticide subsidy was 

around 85% The subsidy itself represented a simble outlay of public funds but it also 

produced other expenditures and reduced rice yields by inducing BPH outbreaks All these 

impacts need to be considered wheli ~~~~~~~~~g the bcnents ofthe subsidy removal These 

are itemised below and estimates orcosts where available, are given To evaluate the costs 

of the pesticide subsidy in Indonesia ohe must make a number of well supported 

assumptions that can here only be outllr,ed 

4 2 2 1 The cost of rice lost to BPH 

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

production As shown in Figs 4 1 4 2 rice production grew during two periods when 
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On the contrary, the subsidy 

caused massive losses of rice due 
.I6 

to BPH during a period when 

of imporls of equivalent quantities 

of rice The cosl of these additional 

rice fmporls has  to be accounted in full a s  a cost ofthe pesticide subsidy A rough estimate 

of these losses is $ 1 75 Billion U S  dollars 

Additional cosls are the loss of income and labour opportunities in the rural economy 

caused by sliorUalls 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 a s  to the 

amount of seasonal or annual income lost by an average small rice ram1 if It loses one rice 

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

As chemical fertllbers were subsidized there 1s a cost to the domestlc budget in terms of 

the amount of subsidbed fertilber used on rice fields Chat were destroyed by BPH This could 

be expressed as  the cosl of imports of equivalent amounts ofrerlilfier or a s  the percentage 

of the annual budget subsidy for chemical ferlilber lost to BPH 

To this should be added costs to the food logistics agency for keepingvery high rice stocks 

because of the risk of BPI4 oulbreaks 



4 2 2 2 The cost to the budget of the pesticide subsidy 

About 70%. on average of all subsidwed products was used on rice About 20 percent went 

on'secondary food c r c p  mainly soybeans and vegetables and the rest was used on a large 

number of other crops It is assumed that overall the subsidy did not produce signilkant 

benefits on these non-rice crops As on rice fndiscrlminale use of pesticides on crops like 

soybeans, the second largest market after rice, caused resurgences and secondary pest 

outbreaks that easily outweigh possible benefits from lower input cosls However, there are 

no cornprel~ensive crop loss dala lo quantify this assumplion 

As no net benefits from pesticide subsidies for cltl~er rice or secondary crops accrued the 

cost to the national budget of subsidbing pesticides can be used in accounting for overall 

cost of pesticides to the economy Estimates of Rupiah expenditures for pesticides in the 

annual budgets between 1974 and 1988 can be converted inlo actual US $ Adjustment for 

inflation then provides figures for lotal budgetary expenditure on pesticide subsidies US 

$ 1 6 Billion (1990) dollars 
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4 2 2 3 The financial cost of the pesticide subsidy [debt service) 

Adding actual annual budgelary costs for subsidies and adJusling for inflation does not yet 

provide a true picture of these costs Indonesia borrowed funds for development to cover 

shorllalls in domestic revenue used for developn~enl programs Rupiah funds spent on 
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pesticfde s~bs id ies  were lost for other development purposes and equivalent amounts of 

money had in be borrowed on the internaUon;ll capital market The cost of financing this 

debt can be found by treating the annual expendilure for pesticide subsidies a s  a loan made 

under average conditions of the period Thus by uslng debt service projection models based 

on conditions of actual loans made during thcse years one can get a very close estimate 

of debt service costsfor funds spenl on pesiicide subsidies It is this cost of total debt service 

that provides a true picture of the liriancd costs of the pesticide subsidy 

4 2 2 4 Costs to public health and cr-~lronment 

No attempts are made here to try to estinlate lliesc cosls from available nied~cal statistics 

and surveys It is only assumed that cosls lo liuman health and environment are 

proportional to the amount of pesUcicles distributed and used An estimatecan be made of 

the consumption of pesticides in Indonesia if there had not been a peslicide subsidy Then 

the dflerence between the non-subsidized consumption and the consumption iigures 

under subsidy are a direct measurement of health and env i ro~me~~ ta l  costs Data from 

Indonesian financial and Industrial statistics show that since the change in pesticide 

policies in 1986 total pesticide production in the country has declined by 67% As 

unsubsidized products in 1986 had a nlarket share of aboul 75% and as  demand for 

subsidized products has grown Ihc drop in the production ofsubsidbed producls had been 

even larger If one uses the 1989/90 production figures a s  an indicator of the size of the 

market without subsidies, than the pesticide subsidy produced about 200% higher health 

and envfronmental costs than a free n~arlcet system would have produced 

4 2 2 5 Cost of distortions in industrial development 

The pesticide subsidy created a dlstorled oversbed and inelTicien1 pesticide industry One 

part of the cost of [his distortion is llie cost of investments in factories that (a) are not 

competitive in their cost structure and Ib) do not have a markel a s  peslcide demand adjusts 

to free market corldrlions The olller and n~trch l age r  cod f'zrfor is thp cost to food 

production in the futule resullil~g from the lobbyhig power of thls dlstot-led industry that 

again and agafn at!enpts to crcale sifu;tk~~is coriclucive to the overuse of pesticides 

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

The subsidy reg~me created a cullure of believers Lri pesticides The costs of re-educating 

millions of famiers and tens of thousands ofgovernment employees in the extension service 



have to be borne by future programs in IPM Estimates of these costs as  a share of the 

needed expenditure for large scale IPM Implemenlation are not attempted here but one 

should take note 01 the fact that they are high 

4 3 BENEFITS FROM NATIONAL POLICY ACTIONS IN OTHER COUNTRIES 

It was not practicable Tor the Mlssion to analye the economic. social or environmental 

benefits that followed from central policy changes relevant lo IPM in the remaining eight 

countries in the Program However, here we list some of the significant ktnd ofchanges that 

were noted by the Mission and examples 

Furthermore it became abundantly clear that the training and extension programs in each 

olthe countries were less likely to succeed or to endure the passage ortime without a strong 

government commitment (policy personnel and fundlng) to the philosophy and practice of 

IPM 

4 3 1 Remove Direct Subsidies 

Bangladesh changed the level of pesticide subsidy from 10CI O/o to 50% in 1974 then from 

50% to 0% in 1979 Pesticide use dropped by 50% with each change in subsidy stabilbing 

at about 25% oforiginal use Rice production rose steadily throughout the period of subsidy 

removal 

Philippines removed about US$ 12 million per year in rice pesticide subsidies by shining 

from the Intensified Rice Production Program to the Rice Production Enhancement Program 

in 1988 

Tamil Nadu State in India reduced direct purchases or pesticides by about 2 crore rupees 

[US$ 1 6 million) per year 



4 3 2 ChanPe Com~osltion of Forelm Develo~ment Assistance Grants 

The Government of Japan gives Government of the Philippines anAgricultura1 Productivity 

Grant of Japanese agricultural inputs every year, related to WWlI reparations payments 

Since the IPM Policy was declared the proportion ofthat grant spent on insecticides declined 

from 30% to less than 5% The 1990 level of the total grant was over US$20 million When 

informed of this trend, the Government 01 Indonesia also began to reduce the proportion 

of its grant spent on pesticides 

4 3 3 Jnitiate New Donor - Funded Prolectq 

Bangladesh China and India have placed IPM on the list of top priority projects in their 

UNDP Country Programs As the three largest UNDP national programs in Che 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 

contents ofa project whose earlierphasesgave many tonsof aerially formulated insecticides 

China has opened discussions with Japan for support lo a multi-year IPM training project 

Philippines has indicated thal it will prepare an IPM training project proposal in response 

to recommendations from USAJD 

4 3 4 Increase Staff S u ~ ~ o r t  lor IPM 

Either by transferring across office unlts or by creatingnew omcia1 posts the Governments 

of Philippines and Malaysia significantly increased the numbers of their stalf supporting 

IPM field activities as a matter of national policy This is more strictly all 'impact' rather 

than a direct benclll but it rcpresenls n cl~angc which should bring in the benefits in llle 

long run 

4 3 5 m e e t  Laree scale. esmcfallv aerial. treatment 

These are especially compelling because influential rural members of parliaments use 

aerial pesticide applications as one of the most obvious kinds ofcvidcnce of their influence 

over the national government 



India first rejected aerial applications for sugarcane pyrilla (also an occasional rice pest) in 

order to conserve natural enemies in the mid 1970s 

Bangladesh flrst began to reject aerial applications under IPM mfnisterial policy in 1989 

when a cabinet member passed on alarms from his constituency about rice hispa When 

aerial reconnaissance fafled to confirm the reports the spraying operation was cancelled 

Philippines and Malaysia have rejecled many opporlunilies to respond positively to farmers 

and legislators denlands for aerial applications on rice and other crops 

4 3 6 Ban Smcific ~esticidea 

In October 1989 Philippines banned the importation of Tri Phenyl Tin compounds used as  

mol~uscicides because of their dermal loxkity and confirmed status a s  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 4 1 PhiU~~ines - Case studies of benefits from IPM trdning 

4 4 1 1 Case 1 - Central Luzon 

In the Philippines Central Lu7on is the largest rice producing region (of 12 in the country) 

and tlierefore was chosen to be one of the pilot areas where IPM farmers' training was first 

given The impact of IPM farmers training is quite well documented for Central Luzon data 

have been collected regularly comparing yields amount of money spent on pesticides 

number of pesticide applications and other data for IPM trained and unlrained farmers 

From 1984 to 1990 about 13 900 farmers took IPM training in Central Luzon The 

cumulative training costs were Pesos 2,132 302 (US$108 626). based on dmerent training 

costs per farmer and number of fanners 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 



Table 4 1 Training costs per farmer and savings per ha, 1984-90 

Training costs 
per larnler 

I 

Savings/ha exchange rate 

Year Pesos US$ Pesos US$ Pesos - US$ 

Table 4 2 Cumulative costs savings and benefils 01 IPM training in Central Luzon 

1984-90 

Pesos US$ 

cumulative training costs 2 162 322 
cumulative savings 39 001 830 

cumulative benefits 36 839 508 

919 in 1990 Estimates for the other vears werc interpolated from these data (Table 4 1) 

Follow-up studies on fanners lralned in 1979 and 1980 have shown that farmers who 

master IPM skills will save evenr c r o ~ ~ i n f  season on pesticide expenditures The total 

cumulative savings generated by the 13 900 IPM farmers with 2 crops per year and an 

average landholding of 1 5 Iia 111 Ccntral Lwon in lhe period 1984-90 equal Ps 39 001 830 

(US$ 1891 091) Total curnulalive benefils for this period are Ps 36 839 508 (US$ 

1 782 465) (Table 4 2) The benefil/cosl ratio lor IPM training is 17 1 taking inlo account 

only investments made by the Philippine govcmmenl Expenditures of the Intercountry 

Program lor the whole of the Phill~nlne$ in lhis period were US$370 809 plus aboul US$ 

50 000 expert time (1984-86 USSI10 000/ycar 1987 90 US$5 000/year) Including these 

costs the benefit - cost ratio is 3 4 1 

The benefits geneaated by C l i ~  ~ t i l ~ r  di Lu70n IPhI fcllnners alone are much higher than the 

total expenditures made by tile Ir~tercounhy Program in the Phflfppines (US$ 1 78 million 

vs U S 4 2 0  809) 

4 4 1 2 Case 2 - IPM for the entire PZ!llpp!r?es (including Central Luzon] 

In 1990 the total number of fanners tralned in 1Fh.I since 1984 is 175 049 Data on impact 



of IPM for the other regions in the Philippines are not as  well documented a s  for Central 

Luzon However, one may assume that the diKerences 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 Benefit - cost ratio is 8 9 1 including FA0 Intercountry Program 

expenditures in the Philippines 

Table 4 3 Cumulative costs, savings and benefits of IPM training in the Philippines, 

1984-90 
Pesos US$ 

cunlulative training costs 
cumulative savings 
cumulative benefits 

The 175 000 IPM trained farmers will 

continue to save money by spending 

less on pesticides In 1990 these 

farmers saved a total amount of about 

Ps 16Omillion (US$5 7 million) (based 

on yearly savings of Ps 9 19/ha found 

in the Central Luzon survey of October 

/ 19901 When in 1986 IPM was declared 

a national crop protection policy in 

the Philippines pesticide subsidies 
50,000,000 

were abolished saving the Government 

over US$ 12 million yearly The IPM- 

trained fanners save an additional 
Ig8' lggO U S  5 7 million per year by using less 

Fig 4 5 Cumulative benefits of IPM pesticides 
(Pesos), Philippines 1984 90 

In the survey of October 1990 untrained farmers in villages with IPM-trained farmers were 

also interviewed to assess whether knowledge spreads from trained famlers lo untrained 

In table 4 4 expenditures on pesticides by IPM trained farmers untrained farmers in IPM 

villages and untrained farmers in untrained villages are given 
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Table 4 4 Annual expenditures on pesticides (2 crops) 

Survey Central Luzon, October 1990 
Pesos US$ 

IPM trained farmers 725 4 25 9 
Untrained farmers-untrained villages 1654 2 59 1 
Untrained farmers-IPM trained villages 774 6 27 7 

Untrained farmers in IPM villag,cs spend Ps 880/year less on pestlcides than untrained 

fanners in untrained villages There seems to be a spread of knowledge from trained to 

untrained farmers However it is ilnposs.ble to make an  estimate how many farmers are 

influenced by a trained fanrler The cu~t~ulative bcncfits for IPM will certainly be b iger  

because of this spread of knowledge but it can not be estimated from available data how 

much tllls will be 

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 famlers In 1990 these trained farnlers sale on pesticides an  

amount of US$14 000 (based on 2 crops per season and an average faml size of 0 25 ha] 

Net profits for IPM-trained farnlers are 497 yuan/ha/season (US$ 105 5) higher than for 

untrained farmers also because of higher yields Net profits for the 5000 fanners were in 

1990 US$ 1 055 000 higher than for untrained famlers 

Total Program expenditure in China si~lcc 1988 is U S  2 15 000 

4 4 3 Bangladesh 

As of 1090 ? total of 1500 fanners has been trained in IPM in Bangladesh Surveys 
conducted in 1989-90 assessed the amouul 01 money spent on pesticides 01 farmers before 

and after IPM training Per year (2 crows) IPM-lratned farmers spent Taka 768 IUS$24) less 

on pesticides Total training costs were US$ 19 500 (cosl per rarmer US$13) The 1500 

farmers savc yearly an  amount of US$ 36 000 on pesticides (average farm size 1 0 ha) 

Benefit - cost ratio is 1 8 1 Yields of IPM farnlers also increased with 0 G tons/ha (Boro 

season 1990) Tlielr net profit (benefits) will even bc higher laldng this yield increase into 

account 

Program erpenditures in 1990 in Bangladesh were US$47 272 of which US$42 3 14 was 

spent on trainlng and field activilfes primarily for training extension staff 
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4 4 4 India 

In India 50 000 fanners 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 14 1 000 (US$2,480 9021 

(2 crops per season, average farm sbc 1 37 ha) The nel average income of IPM farmers is 

Rp 1039/ha (US$64) higher than for unlrained farmers The tola1 income for IPM farnlers 

in 1990 is US$8,768,000 higher than for unlrained fanners Training costs per farmer are 

Rp 200 [US$ 12) Total training costs equal US$ 600 000 Benefit - cost ratio excluding 

increased yields is 4 1 1 

Program expenditures in since 1987 were US$ 1 19 200 in India 

4 4 5 Indonesia 

Unl 1 now at least 60 000 farmers were trained in IPM Savings per ha per season equal 

UC& 20 For the year1990 ~ 1 o n c  an amount of US$2 4 million has been saved by IPM- 

trained farmers in Indonesia 

4 4 6 Sri Lanka 

In the period 1984- 1990 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 

~nsecticides per season after they were trained in IPM Based on 2 crops per year and an 

average farm sbe of 1 12 ha total cumulative savings for Sri Lanka due lo IPM in this period 

are Rp 93 427 186 (US$ 3 392 297) Training cost per farmer was US$l cumulative 

trairmg costs equal US$87 108 Cunlulative benefits or savings on pesticides for Sri Lanka 

In 1984-90 are US$ 3 3 million (Table 4 5) Additional benefits because of higher yields 

obtarned by IPM-farmers are not included in tllis figure 

Yearly savings on insecticides i.11 1990 equal Rp 16 160 010 [US$ 404 000) Program 

expendltures in 1987 90 were US$217 871 of which US$60 779 was spent on training 

and field activities 

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

Rupee US$ 

cost of farmers training 
cunlulative savings 
cumulative benefits 



4 4 7 Vietnam 

In the sunlmer season of 1990 the first activities of the Inlercountry Program started in 

Vietnam Twenty eight demonstrations were established 01 10 ha each A total of 860 

farmers was trained in IPM Inputs (fertllbcr certified seeds] partially provided by the 

Program were higher in IPM plots 740 688 vs 685 122 Dong/ha in Farmers Practice plots 

[US$115 73 vs 107 05) On plant protection inputs IPM farmers spent 61 15 Dong/ha less 

(0 95 US$) (47,765 vs 53 880 Dong/ha) Iota1 savings on pesticides in demonstrations in 

the summer season 1990 was US266 Yields in the IPM plots were higher than in Farmers 

Practice 4 16 vs 3 64 ton/ha Profits froln IPM plots were 278 888 Dong/ha (US43 57) 

higher than from Farmers Practice plols The 280 ha demonslration site has a total higher 

profit of US$ 12 200 of which US$ 266 w,~s saved on pestfcides (Table 4 6) 

Total costs for the denlonslrrrtions were US$ 731 1 including inputs as fertilber and 

certified seeds and fanncrs trailling rlie bcnerits for this season equal US$ 489 1 

Table 4 6 Costs savings and brnerils orlPM dc~not~slralions I280 ha) Vietnam sunmer 

season 1990 
IIo11g US$ 

costs of demot~slralions 16 788 800 7 311 
(incl inputs fam~ers  training) 
snvlnjis 78 088 640 12 201 
I I C I I C ~ ~ ~ S  J 1 299 8/10 4 801 

For most of the countries (China Bangladesh India Philippines SrJ Lanka and Vietnam) 

data are available on the savings generated by IPM trained fanners through reduction of 

the amount of money spent on pesticides These cumulative savings are given for the 

individual countries In rlgure 4 6 as well as tlie curnulalive expendlturcs ol the Iiliercounlry 

Program per country (logarillin~lc scale11 In rigurc 4 7 the total cun~ulative savings on 

peslicides and the total expcndilure of the Progranl are given 

In China and Vlct~lanl the Missiori also collected data on net profils for IPM h-rncrs As well 

a s  savings on pesticides fmncrs gcl also a Iiigllcr yicld and tlielr total net profils increast 

more In rlgure 4 8 the cunlulative farnlers profils are given and the Program expenditures 

in these countries For China and Vietnam sak ings on pesticides arc smaller than Program 

expenditures bul total fanners profits arc higlier than the total amount spent by the 

Program in the two counlries 
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Chfn 1 D~rig l  drrh I t d l  1 I'lilllppltrrs Srl I ~ n k ?  VlcLn?nl 

(logarttlnnic scale') 
Fig 4 6 Cun~ulntive savings on pesticides generaterd by IPM 
trained hmiers  and expenditures of the Intercountry Program 
(US$) 

Fig 4 7 Cumulalivc savings on 
pesticides by IPM trained larniers 
and total expendilurcs of the 
Intercountry Program ( U S 1  (Cl~tna 
Dnngladcsh India Pliilfppir~cs Sri 
Lanka Vietnam) 

Chha \rdm 

(logarithmic scrrlet) 
Fig 4 8 Cunlulative snvings (net 
profits) by IPM larnlcrs and 
expenditures of the Inlcrcountry 
Program (US$) In China and 
Vlclnani 



JOSEPH fJM 

the sevent~es, one cannot rxpect ( F a  to lncrease successwely through 
the years Eventually and most lrkely, the forergn exchange or fiscal 
constrant wlll block the further substantial growth of the economy 
Shifts m the IT, IE and IS curves d l  be necessary for further accumu- 
lakon Even m the seventies when net fdretgn transfers were plentiful, 
there &d not seem to be substanttal smRs m the three curves In ths 
case the growth has been l u t e d  to the shaded areas of Flgure 1 One 
can Magme the much hgher growth rates that  could have been at- 
tamed rflncreases m net foreign transfers were accompamed by shifts 
upwards of the three curves The Phlhppmes &d not 'take off" ;is ~ t s  
East Astan and MEAN netghbors seem to have done 
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PROSPECTS FOR RICE YlEW IMPROVEMENT 
I N  THE POST-GREEN REVOLUTION PHILIPPINES 

B P L. Pingall, P F Moya and L E VeIascoe 

C\~dmcc  from hrm level and cxpnmenhl  d a b  fmm the Phll~pplnes lndmter n 
trcnd towmds smgnatlon nndlor 3 dcclmc In ~rngnrcd nee yields when mtc~ls~vel\ 
cult~vatcd cvcn undcr sctcnt~fic management on cxpnment  stntron Gwen current race 
cchnology tircre IS o rnln~rnnl ylcld gap between thc expnment sbtlon and the 'kt' 

lrngated Bnns In the Ph~llpptnes If the current v d d  h n t m  docs not shlh outwards, 
the long term prospects are for supa t ton  andlor decllne In farm weld. 

The current y d d  gap 1s no longer between the fanner and the expenmental 
potcnt~al but rather between fanners themselves Thtr gap between f a m e n  ywlds can 
be explamed by dlfferentlal fanner abhtv and dlfferenbal a m s r  to lmgatlon water The 
resulb of the study suggest that thc first pnonty for nce m a r c h  ought to be the 
breaklng of the current ~mgated y d d  ce111ng It d s o  tndlc~ted that the vleld gip 
bctwcen fanncn mn be rcduccd bv carefull\ b l ~ c t e d  c-ttenston t rn~n~ng prognrn m d  
tn~provcrnent ofthe elliclcncv and r c l ~ a l ~ l ~ t \  of cmter d r l ~ w r j  to fanns In the mtddlc mnd 
tail sect~ons of the svstem 

The introduction and np id  spread of scml-d\\orf high-yield~ng 
nce vanettes throughout Asta in the late suties and early seventies 
resulted m phenomenal output growth (Dalrymple, 1986, Herdt and 
Capule, 1983) For South and Southeast Asla the aggregate nce outout 
growth rate Increased from 2 2 perceqt per annum dunng 1955-65 to 
3 2 percent per annum dunng 1965-80 In the Phlhppmes, the annual 
growth rate of nce output doubled, n a n g  from 2 2 percent ur 1955-65 to 
4 5 percent in 1965-80 (FA01 Rice output growth rates surpassed 
annual popdabon growth rates of 3 9 in the Phllippmes dunng 1965- 
80 (IBRD) 

There is mcreaslng concern, however, that the growth In aggre- 
gate nce output has peaked and 1s s tar t~ng to declme (Herdt, 1988, 
Barker and Chapman, 1988, and Byerlee, 1987) %le much of the 
literature on agricultural development continues to focus on thc green 
rcvolut~on and its ~mpact, the post-green revolution phase of deckmng 

I h e  authors are Agneultual Economist and Senlor Research Ats~stnnts a t  the 
Intcmabonal %a Research Inst~tute P 0 Box 933 Manrla Ph~lrppmes Thts paper was 
presented at  t!!e 6th FCSSP Annual Sclent~fic Mtttmg Antrocrat Hotel Naga Cib May 
16 16 1990 The wewn expressed In thls paper arc those of the authors nnd should not be 
~nterprcted as  nfieetlng those of LRRI 



r?
l)

le
 1

 - R
lt

nt
is

 7
11

d C
o

tf
fi

~
i~

1
1

1
s 

o
f V

~
r

i-
~

t~
o

n
 

of
 fl

rc
 V

n
ri

il
lc

s 
U

sc
cl

 I
n 

th
e 

A
n

al
ys

is
 

-
-
-
-
 

~
I

I
 

n
ic

~
 

9'
 

Y
rc

ld
 

R
~

tr
o

 
N

 
P

es
t~

 
I a

b
o

~
 

T
ra

ct
or

 
A

g
e 

Sc
ho

ol
 

F
am

ily
 

D
rs

ta
tic

e 
- 

y
d

d
 

fi
on

t 
of

 l
-c

~
m

c~
s (
k

~
)

 
c~

rl
e 

(p
e

 
cl

ay
s 

~
n

g
 

nr
zd

 
fr

om
 

(k
g)

 
re

1 
yr

cl
d 

(k
ga

d 
ln

rv
 )

 
ha

 
rn

nm
 

(k
g)

 
to

 y
~

cl
d

 
hn

) 
(M

D
S)

 
ca

na
l 

fr
on

tr
er

 
(k

m
d

 

N-
 E

C
IJ

A
 

19
80

 

19
86

 

C
D

 
4

 
19

88
 

LA
G

U
N

A
 

19
66

 

19
70

 

19
75

 

19
81

 

19
81

 



RICE YICLD IMPROVEMENT IN THE PHILIPPIh 

graphic area and agroclimatlc cnvlronment as  thc f m n  samplcs In 
Laguna and Nucva Ecyn, rcspcct~vcly 

In each case, the yeld from the hghest ylelding ncc cultivar In 
the long-term n~trogen response tnds was used to represent the tech- 
nolopcal potent~al DeWls on how these tnals were set up and how the 
hghest yleldmg entnes are determined can be found In Flinn and De 
Datta (1984) The rutrogen response tnal data provide, for each year, 
the best approxlrnaQon of the yleld potcnttal under intenswe dopping 
of nce cultirars grown under saent~fic management and w t h  no input 
cons t ra t s  We thus have t~mcsenes data for the four locat~ons on the 
yield potentla1 of the most outstandmg modem rlce vaneties 

2 Expenment S ta t~on  and Fanner Y~elds 
Is There an Unerplorted Yleld Gap" 

2 1 Cxperrment Stattorr Yrclds as Indrcators of Tecf~rzology Potential 

The Internattonal Rlce Research Instrtutc started releasing mod- 
e m  nce vanet~es smce the m d  1960s IR 8 was the first of the modern 
vanetles widely groa n In h s ~ a  At the ttmc of ~ t s  I elcosc .In 5.966, IR 8 
ylcldcd as much as  10 tonslhcctarc in the dry season and R tons/l~ectarc 
in thc wet season at  IRRI s expciimcntnl farm In L-guns PIi111pplnc.i 
(De Datta, 1979) At that time imncrs in tlic nc~~l i lmt  hood of IRRI 
growing tradlt~onal rlcc tmcllcs wcrc gcttlng ~ l c l t h  of 2 O 2 5 totisf 
hecbrc (lZi!i!J InnuolRcporl 1967) Srncc ~ t s  lnlttnl rclrwc thc vlelds 
ofIR8 havc becn on a dccrrnrng trend cvcn n hen grown undc~ scrcnt~fic 
manage men to-^ the IRRI fa7 rn Fllnn, cl nl 119S2) cstlnntc tlint smcc 
1966 tne wet season mlds  a IR 8 havc Jccl~ned 1)) 0 2 tons pcr hcctarc 
pew >car and the dr) season j ~ d d s  haw dccllncd bv 0 26-0 47 tons pcr 
hcctarc per pear The most commonlv attr~butcd cause of this dcdinc is 
the greatly increased insect and dsease pressure to \ Imh IP S 1s not 
resistant (Insect and disease infestations ha\ c i isen H l t l ~  thc growth 
in Intenswe nee production across Asia ) 

Follomng IR 8, the 33 modem nce ;aneaes that have stncc been 
released m the Ph~lippmes have better rnsect and cllsease resistance, 
shorter crop durahon and, to some extent, better eating quality than IR I 
8 However, none of the later taneties have been able to match the 
t m t d  yleld potential of IR 8 Indeed, De Datta et al (1979) report that I 

m recent years nce ylelds of over 9 tons per hectare are rarely recorded 
at IRRI Perhaps more dsturbmg 1s the observation by Fimn, ct a1 
(1982) that the hlghest yelds obtamed from the nitrogen response 

Thousands 

I t 

Ftgure 2 - Trends In HYE & Farmers' Y~eld, Nueva Ccua 



RICE YIELD IMPROVEMENT IN THE PHIL' WES 

trials have been cxh~bitmg a long-term decline They es t~mate  the 
decllne a t  an annual rate of0 1 0 16 ton per hectare In both the wet and 
dry seasons Flgure 1 gr iphs the hghes t  wet season ye ld  obtaned m 
the mtrogen response expenment fot the years 1966 1957 

Film and De Da tb  (1984) also provlde ev~dencc of ye ld  s t g n a -  
tion or decl~ne In both the wet and d q  seasons In three otner eupen- 
ment s b t ~ o n s  In the Phll pplnes In aadltlon t o  1-1 These elpenmcnt 
statlons are in the Nueva Ccqa, Bicol and bisayas covenng a falrly 
representatwe cross-sectlon of the irrigated nce areas of the P h h p  
plnes For hueva Eclja, tbey find that  the hghcs t  ylelds In the rzltrogen 
response expenments a t  MRRTC have renamed s:agnant In both the 
wet and dry season for the years 1968-1980 Flgure 2 g r a ~ h s  the 
hghes t  we: season yelds obtamed m the nitrogen response exDen 
ments a t  hlRRTC 

We updated the Fhrn and De Datta analysls fo- all fou- s~a t lons  
by e x p a n b g  the long t e m  yleld response data set to l n c l ~ a e  d l  years 
up to 19SS The hghest  heid fo- eac'l nltrogen level irz; t sed  as  :ne 
depenaent vanable On logs) and the inde~enae- t  ~ a n a n l e s  In :he 
regresslon were tune trend Iognltrogen (kdogamsrhectare), the square 
of log mtrogen and log ranfall Ramfall was measured In t c m s  of :he 
actual arnomt from transplant~ng to two weeks ~ e i o r e  narvesi UI 
other production and management ~ n p u t s  were held constar, through- 
out the expenment Generalized least squares regesslons Jslng the 
Parks methoa were run to iclemn the long term yleld :-ma The Parks 
method corrects for heterosceaastlc ana auboco-relatea e-ro- t e rns  and 
promdes consistent coefinent estimates (Parks 1 9 6 7  T w  r o s ~ l t s  arc 
~rescnted  In Table 2 R e  lound a sl,~lficnnt ncga, \ c  ycld trend fo* 
tnc u c t  sezson fov tnree of thc fou? locat~ons ana hi- t ~ o  o tnc 'our 
locauons for tnr  d n  season The cxcu~lons  ITCS I j r  DOLJI scxons  ~ 1 d  

XRFTC for the d n  scnso- e> hinl~ca s t aman t  y ~ e ~ c  :,ends I t  IRPI 
wet season yelds declmet .it the rate of 1 29 pcrccn~ my > car \rlulc a t  
1IIIPTC and BEST the y e l d  dcclme L\ as a t  thc ratc of, 01 pccccn, and 
0 6 Der cent per jear, rcspectneh \TCS hac! -I s l ~ q ! ~ ~  grolith ln \ \ c t  
seaso? vlcld a t  the rate of 0 18 pcrccnt pcT x c r  To- t'lc arr scaso? thc 
mela decllne a t  iRRl \%as slgnlficant a t  the ratc 0," A 2s pcrccnt pe- 
vear, \chle a t  BEST the weld decline was -t the  ratc of 0 3 3  pcrccnt per 
year YRPTC edxmted a sl~ght yleld g o w h  a t  thc raw of 0 15 pcrccnt 
?et jear,  wh1l.i a t  VRES the tune trena \\as not s l p f  car t  

3 2 licld Potentrnl 4d~us~cd for Cnv~ronmental Degradot~olz 

The long term decllnc 111 yield potentlnl under lntcnslrc ~rrlgatcd 

Tablc 2 - Cst~mates of Crper~ment Statmn Yield Potentla1 
w t h  and ulthout Adjustment for Env~ronmentd Degradatton 

IRS Entnes Enmes (adjusled) 

SCST DS 
ln~crccpt S 4G15'*' (0 0545) 6 5531'" (0 0423  6 5531'" 10 0.127) 
Tlnw 0 0501'9* (0 0012) 0 0036"' (0 0015) 0 E163*** (0 00151 
Y OOS06"' (00041) 00627'" (00047) 00627*'= 1000.17) 
I\r square -0 01 38"' (0 0020) 0 0054"' 10 001 6) 0 0054'" (0 001 61 
h ~ n f a l l  0 0660"' (0 0091) 0 01S3"' (0  0062) 0 0153"' (0 00621 

INcl DS 
ln~crccpt 7 6740"' (0 0629) 6 32.15'.' (0 0400) 6 3245'** (0 0400) 
Time 0 0569"' (0 0060) 0 0126*" (0 00071 0 0461"' (0 0007) 
h 0 0578"' 10 0038) 0 0165"' (0 0065) 0 0165"' (0 0065 I 
\ square 0 0022 (0 0031) 0 0174"' (0 0022) 0 0174''' (0 0022) 
Ramfall 0 4261"' (0 0222  0 0591"' (0  0075) 0 0591''' (0 POi5) 

VRRTC DS 
Int-rcept S 3630"' (0  0255) 6 4500"' I0 0133) 8 4593'" 10 0133) 
Tlme 0 0058"' (0 0015) 0 0015" (0 0006) 0 0072'" (0 0006) 
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I rcc p~od~rctron can bc attnbutcd to ctthcr a d c g  i d ~ t ~ o n  of tllc paddy 
an\rronmcnt or a dcclrnc 111 thc gciictic potcntr?l of tlic b~ccdrng  
inltcr rals uscd for gcncr ltrng cullrvirs D ~ g i  ?damn  of tlic p7c1dy 
cnbir onmcnt under lntcnsixc cropping can occul duc to one 01 nrot c of 
tlic followrng c?uscs 1)  lncrcascd pcst prcssul c 31 i aprd dcplctton of 
;or1 micro nutrrcnts, and 3) changes In sod chernrstrv bioug11~ about by 
intensrvc clopping and the lncrcascd rclrancc on Ion qualltv irrtgation 
watcl 

Tllc I ate of uivironmcntal dcy adatton can bc nlcasur cd by tlic 
rate of declinc In vlcld over tmc, Iloldrng ~ m ~ c t j  w d  input lcvcls 
constant 111 ordcr to do thr. N C  r~ccd ylcld tinic scr rcs on onc p-tr t icula~ 
varrct] A t  ImI and a t  M13cP.TC thc v a ~ ~ c t y  p o u  n ccach vcar srncc thc 
start  of tlic long-tcrm yreld c\pcrrnicnt IS II? S 11 c tllcrcfor t Ii-tvc 
t ~ c n t ~  )ears of datafol IR S -~ t  IRRI and crglitccn cqrs foi hZRRTC 
Lri~cai legcssron equatro 15 wcie estrmatcd fol I i iRl and \IRRTC 
using gcnc~alrzed Icas. squarcs tcchnrques fol pooling LIIIIC SCIICS and 
cross scct~on data T!lc rcsults arc gio rdcd In Tablc 2 Pic lndrpcna 
cnt \m~ab lc>  15 LIE C ~ I C S S I O ~  t CPC log ni-rogcn saualc ol log mtio- 

2 ger a ~ r m e  ttcnd and log -a~iifall 

s 
P \ srprficant declrnc ln IR S yields -as ohscmed for a11 locat~ons 

f o ~  thc drv scason and three of thc four locations for tlrc wct scason 

& T I N  long tcrm \bet scason ucclrnc of 1R S y~cid  a t  IRRI 1s a t  :hc ratr of 
C, 5 17 pciccnt prr \car  wh~lc at AIRRTC ~t 1s a t  thc ratc o f1  G'i  pciccnt 

pcr lea- Tile COI rebnoridr~; drv scason vrclu rlcciincs pcr ?nnuni ?re 
5 59 pcrccnt rx IRRI ind 3 17 pcrccnt for 11IIPTC Tllc long tcr nl 
QLI foi rnancc of !R S a t  ECST and IRES is found 111 Taolc 2 

To obtarn L1le }lcld po~cntral adjusted for thc cn\ I I  onmcrital dcg 
~adatron we compcnsatcd hc hrghcst vields In the tong tcrm c\pcrr- 
ment for all four locat~ons 1\1th an amount cqual to tnc annual ratc of 
dccl~ne in IR S twld Aftc* adjusting v~elds for cnx 11 onmcntal d c g  ada- 
tion N C  found that tlrc hrghcst j iclds ha te  occn incl Lasing srgnrficantly 
In all locations fol the d r j  and the wet season Thc higllcst wct and di v 
scason liclds a t  IRRI ha\e  bcen incrcastng a t  annual l-ttcs of 3 SS 
pel cent and 4 G pct ccn: rcspcctivel\ FOI bIRRTC thc wct season t ~ i n c  
trend after adjus=nlent for mt~ronrnental d e p d n t i o n  IS 0 66 pcrccnL 
pcr yea1 ana thc dry season  rend is 0 72 pc~ccn t  pcr ycal T h s c  tcstrlts 
ttnplj that the I atc of acpda t ron  of ttic pudd:, cltvironnlcnt rs grcatcr 
tlrair the rate of growth r t t  the yrcld potentlal, I t o m  the long t c ~  nr 
dcclltrrng trend rtt tlre Argh st erpennrelzt statjolr ~ r c l d s  These results 
also coqtradict the alternat vc VICW that the causc of t l ~ c  dcclin~ng ylcld 
potcntral ~ s a n  croslon of tlic pnctlc potentla1 of thc bi ccdtng matell- 
als 

e * 
92 

r o r  assessing f?rm pcrformance 0% cr ttme relatwe to the e lpen-  
mcnt station onc can use natronal average jleld t ~ m e  serres, provlnc~al 
oi iegonal  vield tune zcncs or farm panel data Herdt (198S) and  
Bml\cr and Hcidt U 9 3 3  pornt out that  the nat~onal  averagc ?leld IS 

not a I c l c ~  7nt point of cornparsoti t v ~ t h  expel imcntal y~c lds  bccnusc 
tlic for rnc r IS pnolccl ncl o-s n I~c tcrogncaos  sct  of ~ r c c  ma\% rilg C I ~  11 on- 
rnt tit!, J I ~ C I  sc?sotis ~ i i ~ l c  t l ~ c  lattcr ts tcpt cscntattvc of tllc most favor- 
-II& l m d s  111 thc countiv AVCII~C yrcld data  froin tlic provrriccc 111 

\r 111111 ( l i t  C \ ~ C I  rn i~ i i t  s t  itrons arc lor ~ t t  tl ~ r c  .I Lcltcr opploumation 
I\ lr11c I 11 111-lr \ cl data  arc tllc Iwst op t~on Comparability bctwccn tho 
I 11 mcr ~ t i d  tilt c \ p o  lnrcnt st itron 19 hrgh 111 tllcsc e?ses becausc both 
ol thcnt face simriai pli~srcal and a p o c i r m ~ t i c  cnvuotirnent 

rrmr c .: 1 rnd 2 provtdc n campat Ison ol tllc top one ti111 d - ~ n d  thc 
remarnrnp t n o  thrrds farm welds 1~1th  the expel rment sh t lon  jqelds for 
L tun? t1C)GG-S'i) and fol \rucvn h j a  (1970 $61, I e spcc t~ \dy  E\prr I- 

nrr nt st  ,LIOII ~ c l d s  ar c g n c n  \cttll and without ?djustmcr~t for cr1\11 on- 
nicntql (Icy ad-d.ron Consider first thc farnici and c\pcr itnent station 
\ rclds rn L?qin 1 for t llc bcni s 1966-1 9ST (wct scasont 111 1966 the gap 
I ~ ~ . n c c i l  thc IRRI  f C ~ r w  atid t l ~ c  top thnd  of the L a p n a  lalm yrclds \\a* 
i p p r o u ~  n?tcly 2 2 tons/hcctare As F ~ g u r c  1 shnws, tills dlffer ciicc dc- 
cl~r~ccl ~ ~ p r d l \ l  ind IJJ 1D'iS thc top thrid yrclds on tllc Laguria r?rms 
n r I c inntcl~~ri!: thc yc lds  on tllc IRRI f?mi Com pat rsons between 
l litiicr 111d L ~ P C ' I I ~ I ~ C I I ~  s t a t~on  wclJs To1 Nucva Ccin fol thc )cars  
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1970 86 (wet season) show a s~milar pattcm In 1970 the gap between 
- the top t h r d  farms in Nucva Ccijs and thc MRRTC farm was approxl- 

mately two tons This gap d~minished to Icss than half a ton wi th~n  a 
decade Since 1986, the top thlrd farm ylelds have matched expenmcnt 
station yelds 

Long-term farm level data arc not svstematlcall available for the 
dry season ana therefore thc above compartsons cannot be-madc a s  
definltel~ We do have panel data for 132 farmers in Nueva Ec~ ja  for the 
dry seasons of 1980, 19S6 and 1986 Thcse data although subject to 
strong year effects ao indlcate a yield gap of less than half a ton 
between the e\penment statlon and the top third farm ylelds 

Companson of farmer and cxpcnment stahon yields after adjust- 
ment for envlronrnental degradat~or indicates a neglipble difference 
between the two For L a g n a  the gap bctween the cnxlroqment ad 

3 9 tons! justed y~eld potcntial and the top tn~rd  farmer yeids \%as , - 
hectare In 1966 (wet season) Bj 1934 tins gap was reauced to 0 G tons/ 
hectare ( F i y r e  1) Corresponding wct scason aata for \ucva C C I J ~  
show that the yield gap beheen the farmers and t+e environmcnt 
adjusted lield potentla1 decllned from 1 S tonshectare m 1970 to 0 2 
tonthectare in 1966 (Figure 2i 

Based on the above ane vsis the following gcncral~zation is pos- 
slble Given currcnt ncc t eLhno lo~  therc 1s o r~lrtrl~iicd vrclcl do)) 
bctulecrl thc c~pc r~mcn t  stnt 111 and thc 'bcst irrrgufcn jo-IIIF 111 t ~ r c  
P l ~ i l ~ ~ p ~ i ~ c s  If ole currerit yrcln fiontw docs tiot s/ y* ou'wa~d thc long 
term prospects arc for stagrla~~otr and lor u d c c l ~ c  111 the top tlzrrd fort I 

How have the ~ e l d s  on the -emaining two t h ~ t  a s  of the sample 
fared, relative to the top thlrd farm t ~elds  dunng t h ~ s  t i n e  pel iod? K e t  
season yeld comoansons for Lagma and hueva !kja shox\ a signlfi- 
cant yleld d~ffe-e-ce between the two p o ~ p s  of farms for each of the 
vc 11s stuaicd i n  Llguna thn top third and the -emnlning two tllrids 
farms started off w t h  a yield difference o i  1 S tonshectare In 1966 
( F i y r c  1) Through the 1970s and unt l l lgs l  the gap between the two 
groups renamed a t  around 2 tonsfhectare Slnce then tne gap seems to 
have wldened, becommg 2 8 tonshectare 1-1 19SJ and 3 tonshectare in 
1987 

* TIlc difiei ence between the top rhlrd and the remaining two third5 
farm yelds for wet season hueva h j a  has remained a t  around two 
tons per hectare, over the years 1970-1986 iFigurc 2) The d o  season 

p e l d  difference in  Nueva Ecija has also been a t  arour,.. 2 2 t o l d  
hectare 

The above results provlde a contrast to thc results of the studies 
on the 'Farm level Constraints to H ~ g h  R~ce Yieldsn. conducted a t  IRRI 
between 1974 and 1977 (IRRI, 1979 Herdt and Mandac, 1981) In the 
yield constraints studies, potential farm ycld  was ldent~fied by con- 
ductlng researcher-managed y~e ld  expcnments on farmer fields and 
commring them to actual farmer ylelds obtained through farmcr man- 
agement T h s c  studlcs found for Nuwa  Eclja a wet season y~eld  gap of 
0 9 t o t h x t a r c  and o dry scason yield gap of 2 0 tonshecta~e Thc 
correspondmg gap bctween potential and actual 1 iclds for Laguno was 
1 7 tonsfhectare for the wet season and 2 0 tons/hcctarc for the d w  
scason Hcrdt and Mandac (1981) conclude that  these 'modest' y~eld 
dlffercnces between the potent~al and actual ye ld  can be attnbuted to 
teclmrcal and allocative mefficiencies Our results chow that ten years 
later, a t  least a third of the farmcrs In thc two areas have y~clds  that 
match the technological potential The weld gap In Laguna and Nueva 
Ecrja is not between the farmer and the e~pcnmenta l  potent~al but 
rather between farmers themselves We argue in the ncvt section that  
thls 31eld grr oetwcen farmers can be explained by dlfferent~al farmtr 
ab111tv and differentla1 access to imgatlon na t e r  

3 S o u l  c c s  of r u r t h c r  Productn ~ t \  Growth 
on I r r ~ g a t c d  R ~ c e  rarms 

In thc preccd~n:, sectlon rt \ a s  argued tha t  In In igatcd rlce fa-ms 
tbc g;p v ~ s  l o  lorger bctween :he expcnmcntal \weld vorcnnal and 
obscwccl f-im y~c lds  b ~ t  lather bcttvee? fanners thcmsclves If bhc 
ruz  tccl~nolog oocsraal conttnucs to remain stagnant, thcn the future 
gnlns m p roduc~~ \ l ty  \ ould have to come from bnagng  .he 'between 
farmers yield pap In this sectlon~ve attempt to identlh the factors that 
c o n t n b ~ k  to the 'netween-farnler' product~vltv dtffcrences and to quan- 
t ~ f y  the means by vhlch t h s e  d~ffercnccs can be reduced m the future 

3 I Detcrnrctzants of Farmer Pcrfo~ ntancc 

In order to identify the sources of producttvlty differences be- 
tween farmers we first need to r a d  farms in terms of t h w  perform- 
ance T h ~ s  r a n k ~ n g  can be obta~ned either by fitting a frontier produc 
tlon or profit function to faim data or by using evpcrimental data to 
directly estimate the eficlcnt or fiontter function The latter, known as 
the 'engncenng approach', was used by Herdt and Mandac (1981) 
Since we have data on the e\pcnmcntal yield potential for each loca- 



P L PINGAL1 GTAL 

C 

RICE k ICLD IMPROVEMENT IN THE PHILIt . .I\IES 

tion wc created a ranklng ploccdurc that ut111zcs thls information Wc 
defined an index of farmel pcrfo~mmcc lndcx a s  tlic latlo of farmcr 
yleid to the farmer-speclfic yield potcntlal The farmer performance 
mdc\ 1s a continuous varlable that ~ n d m t e s  thc evtenL to wlrlch the 
farmcr has been able to evploit the yleld potcntlal If the farmcr 
performance indek is one, then the farmers yicld matclies the ylcld 
potentlal if the performmcc indev IS less than one thcn the farmcr 
faces an unevploited yleld potcntlal Thc farmcr pcrio~mancc mdcv is a 
measui e of the farmcr s tcclrnlcal eflic~cnc> 

Fa-iner spcc~ficy~eld potentlal was determined by estlmatmg the 
weld potent121 for each fa-mer at hls current fertilizer use The coeffi- 
clcnts m the last column of Table 2 were used in the estlmatlon 
proced~-c 

In this sectlon we attempt b i ~  ewlaln drfferences In farmer oer- 
formance In t e n s  of alffercnccs In level of variable input use 
wffe-ences In farn le\ cl water control and a ~ i f e ~  e x e s  In the qualltv of 
tecrnology t se  a m  cGc1ency of input management (auc to dlfferenccs 
In farmer abll~tj  ilndlor supcrmlon t l m ~ )  Thc abo\c ~ a n a b l e s  arc 
d a t e d  to the farmer performance ~ndcr, through a tt anslog fuqction as 

Farmcr charactcr~st~cs and rel la~il~tv of arccss to  11 t ~ g m o n  a r ~ r  
dcternlno thc aualltv of tccnnoloa usc and lnput use eiIic1cnq The 
farmer characte~st~cs cvamined are family SIX pc hectarc age o i  
househola heaa and schooling of household head ramllv slze pcr 
hectare represents the dcg ee of spectal~tatlon In farm tasks and the 
supply of s u p e ~ s ~ o n  labor Age (a proxy for cxoenencc) and scnooling 
of the household head represent thc stock of hnowledgc and the farmer s 
abillty to effectwelt use increasingly laonledge-intensive technolo- 
g e s  Dlstance from the r a n  irrigation caaal 1s an  indicator of the 
rellab~llty of watcr access dnd 1s expected to be ncgakvel~ associated 
s i tb  farner performznce 

The estimation equat ons arc prowded bclon for L a p n a  and 
Nuevd Ecija 

where 
R = Y, l y, = actual yeld  of farmer E, In penod t 

y m d  potentlol spcufic to farnler I In perlod t 
nltrogcn (kg)-per heckwe 
~~esticldes used (actwe lngredlent hghctare)  
pre-harvest labor (aaysha) 
tractor use (da) &a) 
famlly slze per hectare 
Jge of household head 

- 
years of schoolmg of household head 
ulstancc from lrrlgatlon canal (hm) 
farmer performnncc elastlcit; lelat~ve to the ~ t h  vanable 
lnput 
f a ~ n l c r  performance clastlcltt relattw to the rtlr farmer char- 
acccrlstlc 

Cl3strcttlcs of r a t  mcr Pcrfotmnncc 
with Rcspcct to 1 11 lablc Inputs 

~ C Y  rrlrzcrs Although thc dcpcndrnt vannblc 1s standardized b 
thc Ic\cl of fcrt~ll tcr  usc nltrogcn cntcrs on the nght hand sldc of the 
euu-~ t~on  also ~ C C ~ U S C  of tlic ploductlv~t> mpact  of tlic ~ntclaction 
hetwccn I U ~ I  ogen and tlic othcr vnr~al lc  rriputs -1nd101 farmcr cl iarm 
tcllstrcs In otlicl wolds thc total cmcct ofrrltiogcn on f?rmel pcrforni- 
ancc dcpcnds on the levels of other \ s~ lnb le  inputs used bv the farnle~ 
and on the fqrnlcr's humnn caprtal stoch, as  per equations 2, and 3 For 
lnstancc thc total cffcct of nltropcn on farmer paformance could 
I ~ C I C ~ S C  with hlgher pcstlclde usc 01 w t h  hlgher Iiuman capltd stoch 
of tllc fa1 mcr Thct cfore thc results pl cscntcd bclon indlcatc the 
mipact of thc lntc~actlons bctwcen fertlllzcrs and other varmble in- 
puts I atllct than the Impact of fel-tilizers per se 

Tables 3 and 4 indlcate that both across ttme, and across loca- 
tions, the l elatttc rniportaricc of iertlllzer a s  a determmant of farmer 
perfo~rnancc has daclmed Cllanges ovel time in farmer pelformance 
clastlc~tres for Laguna and Nueva Ecga are presented in Tables 3 and 
4, ~espect~velv For Laguna, farmei performance elastlcrtles w t h  le- 
spect to fe; tillzer use rose between the 1966-1975 penod and have been 
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Table 3 - rarmer Performance Clast~c~trcs Over Time for Lowna 

1966 1970 1955 1981 1984 

Fefihzer 0 0347". 0 0565". 0 0648'** 0 0566*'* 0 0542°** 
(0 0106) (0 0095) (0 0091) (0 0123) (0 0130) 

Pestmde 0 3312C3" 0 1099'"* 0 01S7 0 0054 -0 0130 
(O 0431) ca 0390) co 0 x 9 )  to 0402) (O 053s) 

PI e hanest lobor 0 6660 O 3105 " -0 2045 0 OGS9 0 1073 
(0 0993) (0 0713) (0 OS2i) 10 08S3) (0 0737) 

Tlacto~ days 0 1416" " 0 0597- 0 0104 * -0 0051 0 0329 
(0 0226) (0 0203 (0 0179) (0 0231) (0 0266) 

Farm11 slzc 0 0456 0 01649'°C 0 2116Ca 0 1689*** 0 14501* 
(0 0502) (0 0485) (0 0407) (0 0431) (0 0547) 

Age -0 3894°C* 0 1415 -0 0932 0 0623 0 0650 
(0 0930) (0 0969) (0 1118) (0 0893) (0 1107) 

Schooling -0 1927*** 0 2248*** 0 2372-** 0 1969'"' 0 2046"'* 
(0 0360) (0 0363) (0 01-79) (0 0252) (0 0305) 

Dlstance from 0 0966- 0 126T' 0 1370 '' -0 11 60"' -0 1165 
lrngatlon canal (0 0500) (0 0501) (0 0170) (0 0453) (0 0502) 

Values In parentheses are stmdam e m r s  

Table 4 - Farmer Performance Elnst~ctt~es Over T ~ m e  for hueva Ecva 

198; 1986 1968 

Fer hl~zer 0 020'3" 0 0711r *- 0 048Tr' 
(0 012 '1 (0 0106) (0 0107) 

Pesbcide 0 0702"" 0 323*"+ 0 0126 
(0 0091 (0 0076) (0 0077) 

Pre-harvest labor -0 0293"" -0 0002 0 0059 
- -, (0 0159) (0 0093) (0 0073) 
Tractor days 0 0258*** 0 0043 0 0227'= 

(0 0691 (0 0068) (0 0063) 
Farmly size -0 098C9* -0 046"** -0 01 74U'f 

(0 OIOYl (0 0072: (0  0064) 
Age 0 213**'* -0 0723*** 0 0406"** 

(0 02911 (0 0227) (0 0197) 
Schooling -0 002sa*u -0 0320**' 0 0565 lY- 

(0 0102) (0 0091) (0 0097) 
Distance from 0 0085- 0 015'- -0 0300 - 
imgat~on canal (0 0063) (0 0065) (0 0063) 

Values ~n pvctithescs are standard emrs 
.** S ~ g ~ f i c a n t  a t  1%- level 
** S~gnrficant at 5% level 
* S~gmficant at 10% level 

gradually dccllning ance then For Nueva Ecija, dasticities have dc- ' 
clined between 1986 and 1988 The declinmg importance in recent 
years of the level of fertilizer use m determining farmer performance 
can be explained by the already h g h  levels of fert&zer used in these 
areas For Nueva Ecija, the 1988 average nitrogen apphcation per - 
hectare is approxlmately 100 lnlograrns Between 1980 and 1988, nitro- 
gen application in Nueva E C I J ~  increased a t  an average of 20 hlograms 
per hectare 

P e ~ t r c ~ d r p  Our results indlccrtc that In a1 cas w h e ~  c var~ctics 
resistant to pest damage are commonly used, the relative importance of 
pesticides in determining farmer pcrformance has declined over time 
Where resistant vaneties are not commonly used, the unportance of 
pesbcides as farmer performance determinants has increased over 
t ~ m e  

For both L a y n a  and Nueva Ecqa the elastiat~es of farmer per- 
formance w t h  respect to pestiades declrned over txme In L a y n a ,  
margmal increments In pesticide use beyond the mean have not re- 
sulted in a s ip f ican t  Increase in fanner performance since 1975, whle 
in Nueva Eciw declinmg trends in the response of farmer performance 
to incremental oesticide use have been observed between 1980 and 
1988 Pest-resistant vaneties started to bc released since the mld- 
1970s (IRRI 1983, dunnp whch the relative unportance of pestmdes 
In preventmg pest damage has decllned 

t 
I Labor use Where direct seedmg has b e y n  to replace transplant- 

ing as the pnmary method of crop establlshmeqt, the relatwe Impor- 
i tance of labor as a determinant of farmer performance has declined 
r over time In Laguna and hueva E c ~ a ,  manual transplantmg and 
k weeding are the norm, therefore, the total amount of pre-harvest labor 
I per hectare cont~nues to be an important detenmnant of farmer per- 

formance Substantial labor savings accrue to farmers who swtch from 
hand transplanhng of 20 to 30 day old seedhngs to dnectly broactcast- 
ing nce seeds into the paddy Farmer performance elastiat~es w t h  
respect to labor have Increased over time 

Tractors D~ffcrentlal use of tractor power ~ n p u t  between farmers 
has not had a diffeicntlal effect on farmer performance in most cases 
Consider thc case of L a y n a  first The relatloe importance of tractor t 

use In determ~ninrr farmel performance has declined stead111 
' I 196G After 19S1 an increasein tractor power input has not resulted in 

a significant imp1 ovement in farmer performance Nueva Ecya is a n  
cxceptlon where ~ncremental tractor powcr use continues to improve 
farmer performance 
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Human Capital, Imgation Access and Fanner Performance 

In addhon to the vanable mputs, farm and farmer charactens- 
hcs such as famlly slze per hectare, schoolmg, age of household head, 
and &stance from the m a n  irngation canal have s igmkant  effects on 
farmer performance These vanables affect the quality of technology 
use and hence, the productmty of vanable inputs The results show 
that the importance of farm and farmer charactenstics m determining 
farmer performance has mzreased over bme (Tables3 and 4PWe also 
show that the efficiency of anable mputs, particularly f e r t h e r s  and 
pestmdes, 1s duectly affected by these vanables (Tables 5 and 6 )  

In most cases the importance of family sizdhectare, farmer age 
and schoolmg as determinants of farmer performance has increased 
over tune Education and faming experience (age as a proxy) improves 
the farmer's abh ty  to acquxe and process information on particular 

Table 5 - Elas t~c tb  of Farmer Performance Relatwe to Fert~l tzer  Use 

VI Fernhzer Femhzer 
2 N Euja Layna  
Y 

F-ly slze 2 -0 00627 0 0280"* s 5 0 088286-'* 0 0911 "*' s 
b 8 0 136792--- 0 1235-" 

$ 11 0 1696ST** 0 1455""r 
h 14 0 194546'*' 0 1621"' 
n 

Age 23 -0 20632"mC 0 0490**U 
Y 33 -0 06297--- 0 0525-'- 

43 0 007463 0 0551EnZ 
53 0 0i89062*- 0 057?*** 
63 0 137963-* 0 0589OC 

1 ears of schooling 0 -0 16336=** 0 161 0**" 
3 0 014005 0 0538*** 
4 0 0550453'- 0 0537"" 
6 0 079052**" 0 041 9**" 
8 0 096086*"" 0 0335**' 

Distance fiom 0 0 094868"n' 0 045OSc' 
imgation canal 1 0 024922 0 0011 

2 -0 00914 -0 0122 
3 0 O2322OC -0 0199*" 
4 -0 03320 -0 0254"' 

igp-, 

Table 6 - EIast~clty of Farmer Perfonannce Relotwe to Pestmde Use 

Peshcide Pestrude 
N Emja Lawns 

Family size 

1 ears of schboiing 

Distance from 0 0 002894 0 1008*** 
lmgat~on canal 1 0 032205*** 0 1459". 

2 0 041029*** 0 1594'** 
3 0 046191'" 0 1674*** 
4 O049853*.* 0 1730". 

technologes and to adapt them to their specific circumstances Family 
size per hectare indicates tne farmers access to supenision labor The 
increasing importance of human capital vanables in explalmng be- 
tween-farmer productivltv dxfferences attests to the growng complex- 
ity of nce productron In Asia Byerlee (1987) argues that the productiv- 
ity gains in the ~ost-green revolut~on era will come from more eficlent 
use of existlng inputs to exploit the genetlc potential of exsting Fane- 
tie$ These 'second generaRon technologes" (such as better fertilizer 
incorporation technolopes, integrated pest management, etc 1 are more 
knowledge-intenswe and location-spec~fic than the modern seed-fertil- 
izer technology that was charactenstlc of the green revolution Produc- 
tivlty gains accrue to farmers who have the ability to learn about the 
new technologtes, hscnmlnate among technoloaes offered to them by 
the research system, adapt the technologes to their particular envlron- 
mental condrtions and prov~de supcrv~s~on mput to ensure the appro- 
priate application of the technology 
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Drstance b r n  trrigatron canal The importance of &stance from 
the m a n  imgatmn canal as a determinmt of fanner performance has 
also increased over tune &or both the Phlippine locations For pven 
mput levels and fanner charactenstics, farmers farther away from the 
canal are less productive than farmers closer to the canal The success- 
ful adoption of technolog -s that increase input efficiencies reqmres 
adequate and timely wate- supply which, of course, is inversely related 
to  the &stance from the imgation canal 

w 

To dlustrate how the efficiency of vanable inputs is affected by 
farm and farmer charactenstics, we t=wmmed the n p a c t  of changes m 
these xanables on farmer performance elasticities w t h  respect to 
ferthzers and pestmdes 'Tables 5 and 6) The results unply that  
margmal improvements u fame? performance w t h  respect to f e d -  
lzer use wll come more fro n improvmg the quality of ferthzer appllca- 
tion (better b m n g  and lncorporatlon techmques) rather than increas- 
ing the quanbo cf fertdlzer applied Slmlarly, marpnal mprove- 
ments in farmer oe-formance w t h  respect to pesticide use wl l  come 
from the ju&aous and dscnrnlnate use of pcstlctdes rather than 
mcreaslng the qusnuty of pestlcldes appliea 

Table 5 shows the chaqges m famer ~ e r f o m a n c e  elastrcities w t h  
respect to fertilizer due to changes m farmer charactenstics such as 
family sizdnectare age, schoolmg, and &stance from the marn canal 
By v a q m g  each of the fanner charactenst~cs whde holdtng all other 
inputs constant we were able to e\ aluate thc impact of that particular 
characteristic on periormance eiastmt> w t h  respect to fertilizer The 
results are hghly consistent across locabons -4s family size per hec- 
tare mcreases, the elasticity of farmer performance with respect to  
fcrthzer use rncreases Th 5 could m d m t e  elther an increased level of 
speciakzatton w h n  the fkrnily, andlor an increased level of supervl- 
sion m fenilrzer application 

Age and schoohg hare similar positive effects on fertihzer pro- 
ductwty and hence on farmer perromance, across all but one locatlon 
The exception 1s Laguna wherc the ncgattve cffcct of schooling is 
explained bv a feu outhers wlth low levels of schoolmg rcrtlllzer 
productlntb IS enhanced M hen tlming of appllcatlon and lemlizcl 
incorporation are appi opi~atclv done The su  ~ t c h  from broadcastmg 
fertilizers to mole carefully controlled application tcchnlques rcqulr cs 
howledge and shdl 

The d~stance from the main ~ n g a t l o n  canal has a ncgativc effect 
on the elastlci@ of farmer performance with respect to fertlllzcr usc, In 

all cases fn the other cases, productiv~ty of ferthzers demases  as the 
rehabhty of water control dechnes, th~s occurs w t h  &stance from the 
imgation canal 

L Changes m the elastiaty of farmer performance wrth respect to - peshcide use, due to changes in  farm and farmer charactenshcs, are 
presented m Table 6 Fanner charactenstxs had a sigmficant posihve 
effect on the elastiaty of farmer performance wth respect to peshode 
use, in most cases 

8 

hfargmal increases m famdy sEe per hectare had a si@icant 
positive effect on farmer performance elastiaties w t h  respect to pesti- 
cldes Larger famiiy size per hectare unpl~es  a hgher  degree of speudl- 
zation in tasks such as  pest momtonng and pestmde application, and 
greater supply of supervision labor for pest management activrties 

The results w t h  respect to age were mlxed. Age of the household 
head had a posibve effect on farmer performance elastmt~es for Nueva 
Ecva but not for Laguna Schooling had a positive effect on farmer 
performance for both locations These results imply that farmers w t h  
better schooling and greater expenence (measured by age) are more 
aaept a t  using knowledge-intenswe techniques m pest management. 
One would expect these iarmers to be better able to idenhfy pest 
populabon determine damage thresholds and to make tlmely spray 
decisions These results are consistent w t h  the findmgs of Pingali and 
Carlson (1985) on the effects of human capttal vanables on pest~ciae 
use in the United States 

Distance from the mam lmgatlon canal had a positive effect on 
farmer performance elast~citles wlth respect to pesbndes, for all loca- 
tions As alstance from the m a n  irngation canal increases, the nce 
plant IS relatn ely more susceptible to drought and weed stress meeds 
are less of a problem m areas w t h  good water control than m areas of 
poor water control When plants are subject to the above stresses they 
are less able to w~tllstand Insect damage Therefore even if insect 
ini~statlon levcls arc the same for fields both close to and farther awav 
from the canal the susccptibility to insect damage incresses w t h  
distance ft om the canal (Litsinger, et a1 , 19881 Hence the use of pesh- 
cldes IS lnghel as  the distance from the maln lrngation canal in- 
cl cases 

4 Summnry and Conclus~ons 

1 Ev~dence from Laguna and Nuevn Ecija indicates that there IS 

? trend towards stagnation andlor a decliilc in irrigated nce yields 
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when intensively cultivated, even under scientific management on 
expenment stations Thc important point hcrc is that the more recent 
vaneues have started off wth E lower peld  potenhal than the earlier 
vanekes such as LR 8 - 

2 The results imply that the rate of degradation of the paddy 
environment is greater han the rate of growth m tbe yeld potential, 
hence the obsetved long term aecltmg trena tn the Iugnest expen- 
ment stabon ylelds . 

1 
3 Given cuzzent nce technology, there is a rrinimal yleld gap 

between the expenment stahon and the top thlrd imgatcd farms If 
the current peld fronhe does not s h f t  outwards, the long term pros- 
pects are for stagnahon andlor a d e h e  in the top thlrd farm yelds 

4 The cwrent yeld gap is not between t'le farmer ana the expen- 
mental potential but rather between farmers themselves - the tnp t h r d  
and the remarung two tibras 'Rus ye ld  gaD between farmers can be 
e x p l u e d  by Werent id  wmer abAty m d  ddferenaal access to im- 
gahon water, rather than by derences  in =put use 

5 Productwlty g a s  m the post-green revoluuon era w l l  come 
from'more efiicient use of exlstmg inputs to exploit tne genetic poten- 

1t1al of eustmg vanenes "hese 'second generation technolopes" (such 
as better ferhkzer incorporation tecnnolopes, integrated pest manage- 
ment, etc I are more knou ledge-mtensive and locanon speafic than the 
modem seea-femlizer technology that was charactenstic of the green 
revolution Proaucuvltv g m s  accrue to farmers wno have the ability 
to l e a n  about the new technologes ckscnrmnate among technolo~es 
offerea to then by the research system, adapt the tecnnolopes to then- 
partxular envlronmenta conhtlons, and provlde supemsion input to 
ensure the appropnate apphcahon of the technology 

6 The first pnonty for nce research ought to be the breahng of 
the current m g a t e d  yeld c e h g  If the current stagnation m expen- 
ment station yleld is not broken the implications for future national 
production trends and the economlc vlabhty of nce producnon are 
senous 

7 The results suggt that the yeld gap between farmers can be 
reduced by carefully targecad extens~on-traimng programs Such tram- 
mg programs become paracularly Important as the ~ncremental galns 
m productivlty are achleved by adopting increasmgly knowledge-inten- 
stve technolo@es Howeva, there are costs associated \nth such pro- 

grams but an analysls of the benefit-cost raho of such efforts 1s beyond 
the scope of this paper 

6 The results also suggest that productivlty gams could be made - by mprovlag the management of imgat~on systems, especially in 
terms of improving the effiaency and rehabihty of water delivery to 
farms m the mlddle and kl sectaons of the system 
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