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Foreword ,
 

IN1971-73. DVLPENTS 
 in agricultural economics, rural sociol­
ogy, and related fields conducted surveys in 36 villages in 14 locations in sixcountries in South and Southeast Asia--the Philippines, and Thailand -

India, Indonesia, Malaysia. Pa'Istan. 
semidwarf rices and 

to study The effects of the adoption of the newthe associated technology on suchemployment, and others. The data were collected by 34 scholars 
factors 

from 
as 

18 Asian 
income. 

universities and research institutes, with the cooperation of the InternationalRice Research Instituie located in the Philippines and the AgriculturalDevelopment Council in Singnpore.The initial findings and preliminry analyses of the datlwere rprted i theITR RI publication CHIANGLIS IN RIC VARIN(J IN SE!tE(rEI. .RfLASTle present report provides further and more 
OF AsA (1975).

in-depth analyses and assess­men t of these data.These two companion volumes on "Changes in Rice Farming in SelectedAreas of Asia" represent one of the first cllaboratie research undertakings ofthis type. Major benefits have been derived through the joint development o!the methodology. 

aration of the final 

the sulbsejueCnt traJ.'ing of research workers,,and the prep­reports. ,his study, while vluable in its own riget has ­served as a model for organizing, Subsequent research inniesugal
ions oin similar
topics.
he Instit w cxteids appreciation to the coope rating researcherswho participated in the study and made Cont ributions 

.ad others 
Randolph to the report and lo DS.Barker who scrved as technical cdior for the published report. 

N.U.CIRADY 
Director Gceneral. IR1 .
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'Ha inevesi i sa jiain.TealvSSWICC1d~tI 

Preface 
US) 

o this reportrie RST Haf (PaRT 1) l lyzes data collected from tlh3 study
villages and farmintter icws in six Asian nations. The analyses were conducted. 

: at IRRI, at the Department of Agricultural Economics of Cornell UniverSity ! 
.: . (New Yor~k, USA), and at the Stanford Foodc Research Institute (Califo-rnia, ' 

~~~USA).... . , 
• The second hialf (Part II) deals with problems related to some of the sltudyl 

areas;the problems were considered of critical importance inlocal rice produc­
tion bythe research~workerjwho carried out the original surveys;" 

A substantial appen'dix provides a detailed record of relevant information 
foreach village and may be useful to those conducting further rcsearch in these 
selected areas of South and South ast A",a. 

The work summarized and assessed in tiis report represents the combined 
efforts of the 34 participants (see the following); the author identified for each ..) 

section served as the section coordinator. 

Nanwi (I'vuntr' Ilnsltion 

Adulavidhaya, Kamphol Thailaid Kasictsart University"
 

Anden-Lacsina. Teresa L. 'Philippines Intcrnaiional Rice Rescarch InstitUle.
 

Arellano, Antonio B. Philippines" Atonco de Davao Colleges
 

Barker. Randolph Philippines lnteramtional Rice Rcsearci Institute
 

,' astillo. Gciia L. i) Philippines University of the Philippines at
 
Los afio.," 

Chmudhari, Ilaider Ali Pakistan Paklstan Agiicultural University 

(C'atnmado. Tito F. ,' Philippines ' University of tlic Pidippines al 
l;s Baios 

Cordova, Violeta Philippines International Rice Research Institute 

*David, (.rkina C. Philippins , Stanford Univcrsity 

Herdt. Robert W. Philippines Intcrnational Rice R'esearch Institute 

o. University of the Philippincs atl-hrrcra, Romeo 'I. Ph ilippinsc, 
Los Bafios 

,ilmlaw., John ' indonsia. Sat%,a Wacan, Christian. University 
svihnonda. Somporn . T"hailand Kasetsirt Univcrsity . 

.. .. . ,,. ,, ? , -,., , ,• . . . . . 
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Introduction 

IHE STUDY OF CHANUoS i11rice farming in selected areas of Asia was s) desinleld 
that the inforrntion irom the individual Case studies could be pooled for acomparative analysis of the 14 study areas. The same core set of questions was
includedin tile ilterview\ schedules f'or each area. The data from 2.344 separate
farms in 36 villages, assembled on a single computer tape. forl the basis for the 
analysis in the first half of this report (Part 

',,: 
1)-


Fhe varying rates in th1e adoption otfmodern rice technolog.v, the use of
modern inputs, the yield of rice obtained over the wvide geographic arCa,
represented by the 14 study sites (Fig. I) are compared and explained in Part 1.The analyscs are hased on those sets of data for wtbich reasonably reliableqluantitative estimates S crc obtained. Fa;ctor thait cmsed va riatioltiamong 

' 

-4t 
CHANGES IN RICE FARMING PROJECT 

"+ .1,Loeation of tWd% orc~a dif) Al~ .11 ho .1 ifnditcltud th urv,%['s idsa .\ lteCe
+. 'of ifftr:sir rc podilclion). . . .. • 
:­



6 CIHANG ES IN RICF,FARMING IN SEI.E(WIE OF ASIAARI.AS 

villages were identified. The potential biases that may have resulted from thenon-random selection of sites and villages were taken into account.Village studies permit in-depth analysis and minimize tile influence of suchfactors as environment which cause major variation in results among the stu dysites. Issues that can best be studied in a well-defined village setting arepresented in both the IRRI report Changesin Rice FarnmiginSelecedAreas ofAsia (1975) hereafter referred to as Changes (1975) and in Part II of the 
present document. 

PROCEDURES 
The project leader in each of the study areas selected one to three villages toensure that in at least one village, conditions were reasonably suitable for theadoption of new rice technology. Suitable localities had* control over a water supply that would permit farmers to produce two or 
more crops each year, p
9 access to tile inputs required in the new technology, and* access to markets where produce could be sold,Arandom sample of 150 to 250 farmers was drawn from one to three villagesin each study area. The interviews were conducted in 1972 and 1973. Theoriginal farm survey questionnaire is Appendix A of Changes (1975). 

STUDY AREAS; 
The 14 farm surveys were conducted over a broad geographic area Fi,,1)and 
included awide range of conditions underwhich rice isgrown. Such variables asclinmate, farm structure, and irrigation in the study areas that influence farmingconditions are discussed. Average rainfall data for selected sites are shown inFigure 2. Some of the basic characteristics of the sample villages are shown in
Tables I and 2.

Climate. Nine of the study sites, including those in India, !Pakistan, Thai­land, and the northern Philippines, are located between 100 and 30' Northlatitude. In this area, the heaviest rains occur between June and November, and
the, main crop is normally harvested in November and December. Five of tile
nine sites situated between 15' and 25' North latitude (West Godavari and
Cuttack, India; Suphan Buri, Thailand; Nueva Ecija and Leyte, Philippines)
are subject to typhoons and heavy rains which occasionally severely damage.

tile main rice crop.


Three study areas in Malaysia and southern Phili ppines are located between
Sand 100 North latiude where both the rainfall and solar energy are relativelyevly distributed] throughout the year. The wet and dry seasons are lessdistinct than in the five sites situated between 15' and 25' Noith latitude. The 
'This Iescriptioun of the stidy area has been abstracted from Changes (1975). 
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study Sitcs in Indonesia are situated between 5' and 10' South latitude. In thisarea, the heaviest rainfall occurs from December through May. and the main 
crop is harvested in April and May.


The cold weather during winter in the two study 
areas located in northernIndia and Pakistan favors the production of wheat as the dry-season crop. Inallother areas where crops are grown under irrigatIon, rice istle principal second 
crop. 

FaIrm structure. The variation in the size of the farm operating unit wasgreater than the variation in falily size anong the survey villages (Table I)
The size of the average village farm was 2.9 ha; it ranged from 0.5 ha in Java,
Indonesia. to 7.8 ha 
 inl Thailand and Pakistan. Most of the 2,344 rice farnssourveed were small; 35% was less than I ha each. the size of 46% ranged Irom
1	1(o-4 ha each, and 19% exceeded 4 ha.
High. rates of tenancy were found principally i) the Study 
areas i thePhilippines where the traditional tenure pattern isbased on a 50/50% sharingof cost and rice output between landlord and tenant. In recent years, under agovernment land reform program, the arrangeinent has changed toward fixedcash rent or leasehold. The tenancy rate was also high in Pedapulleru, India,and in the Pakistan villages. However, the rights of tenure appeared to be lessstable than those in the Philippines, both illterms of the sharing arrangement

and in a claim to work a given piece of land.
In all areas, the principal crop was rice. Inabout 50% of the villages, rice was

the only crop of any significant hectaragec Sugarcane, tobacco, corn, and wheat, 
were the major crops in the remaining percentage of the villages studied.Water resources. Although all the study areas had irrigation water, thequality of water delivery systems variedwidely among the villages,. The q uality 
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CAANGIS IN RICE FARMING IN SEIEcFEDy AREAS OF ASIA 

Table 1. Size and tenure characteristics In samplevillagesIn selected areasof Asia, 1971/72. 

Farms insample HouseholdSze r(no.) Farm Pure(members) owners Pure(ha) tenants%) 

Uttar PradeshDhanpur-Vijaypur India
51

Tarn 6.0 100Barain 43 0 
57 1.271,2 100 0Oriss. 100 07 1.2 " 100 0Kandarpur

K adapur06 57 11 
 0.6 49 
 92
Andhra Pradesh 112 .Pedapulleru 0.6 62Mysore 185 4.74.41 41 32-3Gajanur 

Hosahally 48 2.4 na.a43 na,Ashoknagar 4.8 n.a.51 n. a,.2.8 n.a.Tamil Nadu n.a. 
Koriyamangalam 

52Palvarthuvenran 4.133 866 10* Manmalai 2.0 10066 06 1.8Ind'w, 96 . 2Central Java os"I 

Ngenjat 60 0,5 80Kahuman 460Pluneng 0 6 2 
East-West Java 0,6 67 ;20.5 71 2Sidomulyo . 75 6Cidahu 0.5 86 780 40.5 90 1 

Kelantan . West Malasia
 
Salor 

Meranil 157 6 0,9 58133 1West Pakistan5 1.0 43 17Punjab 180 9Aroop 6.7 65 480 11 7.8 23 41Maraliwala 

Nueva Ecija Philppi nsSan Nicolas 55 7 2'5 16Malimba 56 
Mahipon 66 6Leyte 72 169 5966 3.8.3.1 259 2659 

49Marcos . 7 1.766 17 77Tab-ang 1.5 14Davao 56 86
1.2123 33 : 575Beynte Nuwebe 39Sonayawan 6 1.793 8 927 2.2 14 86Bulucaon 40 . 6 2.0, C a pa y ura n : 6 91Maluao 33 . 452.9 4 53 

uChristis b36 
1.9 14 8648 7 3.9 100 
 0
 

Suphan Burl ih" land 
Rai Rot 47 6NongSral 7.0 .75 659 
 6 7.8 665 

6a~nrnormation 
44 7.8 64was not available (n,a.l because sample farmers in the 

13disclose their tenure status. area were reluctant to 



iit
 

I."'TROD IO~tcN 9 
Table 2,Cropping and irrigation characteristics in sample vjilges inselected areas of Asia, 197172, 

Av. rice area Rice area Quality Double.(ha) irrigated (%) of croppedirrig aLocation tnOWet Dry fiCe a rea f(%rWet Dry ) 

India---. rigtod ieara~ 
Uttar Pradesh India

Dhanpui-Vijaypurb 3.2 ­ 65Tarnab - 30.5 - 92 . 3 ­8arainbOrissa 0,7
Kandwrpur 31 -4_ 
Korpada 0,6

0.6 05 100 970.5 398 83100 
Andhra Pradesh 33Pedapulleru 4.4 3.8 100M yso re 100 3 6636
Gajanur 1.7 1.1 100Hosahally 100 2 601.9 1.5 100Ashoknagar 100 2 612.2 1.9 100 100 
 84Tarmil Nadu 

Kariyamangafam 1.4 0.8 100 100 2 61
PaIvarthuvErran 

Manmali 
1.3 

0.7 
1.2 

0.6 
100 
100 

100 

100 
3 

2 
91 

89 
Central JavaNganjat 

Kahuman 
Plunenp 

East-WE.. JavaSidomulyo 
Cidahu 

05 
0,6 
0.5 

0.4 
0,5 

Indonesia 
0.5 100 
0.6 100 
0.5 100 

0.3 100 
0,5 100 

100 
100 
100 

100 
100 

1 
1 
1 

2 
2 

100 
100 
100 

98 
100 

Kelantan 
Salor 
Meranti 

0.8 

0,9 

West Malaysia 

0.8 100 
0.9 94 

100 
94 

3 
3 

100 

100 
Punjab West Pakistan 

Aroopb 3.7 - 100 - 2 -
MVraliwala" 6.0 - 100 -2 

Nueva Ecija Philippines 
San Nicolas 

Malinba 
MahiPon 

Canipa 
Marcos . 
Tab-ang 

Davao 
Beynte Nuwebe 
Sinayawan 

Cotabato 
Bulucaon 
Maluao 

Cbpayuran:
Christian . 

Muslims (Cabpangi} 

2.5 

3.1 
3.8 

0.8 
0.4 
0.7 

1.7 
1.9 

1.8 
1.6 

.1.3 

1.4 
. 

2.5 

3.1 
0 

0,8 
0.4 
0,7 

1.7 
1.9 

2.0 
1.6 

2 
1.3 

100 

100 
0 

90 

99 
99 

100 
100 

100 
90 

100 
100 

100 

100 
0 

90 

99 
99 

100 
100 

100 
84 

100 
100 

2 

3 
5 

3 

3
3 

4 
4 

3 
5 

3 
5 

93 

92 
0 

100 

100100 

100 
100 

100 
100 

100 
95 

Suphan Burl 
Rlai Rot 
Nong Sara" 
Sa Kracho.-

,5.3 

6.1 
5.4 

1.4 
1.1 

a 

hiln 
98 
73 
0 

100 
100 

0 

3 
4 
5 

19 
13 
0 

d 1 very good; 5 porly'irrigated or wholly rainfed, 'Second crop is wheat. 
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The adoption

of modem varieties
 

TEPR SA ANDEN-LAaNA and RANDOLPH BARKER 

The area sown to modern varieties varied widely (from 9 to0V(') among villages, with Philippine villages showing by farthe highest adoption. Seasonal suitability, water control, andprofitability were important factors explaining this variation. Va­rielics with greater inseci and disease resistance but with loweryield potential have become popular, particularly in the wet sea­son. But modern varieties suited to the poorly drained conditions,which characterized many of the survey villages during the mon­
soon season, have yet to be developed. 

TME PLANT TYPE of the new varieties of rice that were developed in the mid-I960s was characterized by .,,ort stature and stiff straw, and differed markedlyfrom the tall weak stem. plflnt type of the traditionaindica varieties. Underfavorable environmental conditions the new rice varieties respond to increasedapplications of chemical fertilizer with high yields. Thus, the modern technol­ogy associated with the high yielding varieties (KYV) is often called "seed­fertilizer" technology.

,The oiiginal rice varieties were 
environment specific ai.d-performed bestwith an adequate supply of water and high solar energy. The ratcI,f adoption inSouth and Southeast Asia varied considerably, exceeding 50% in'ome coun­tries and covering only 1.0% of the area in others (Table 1). A major portion ofthis variation may be attributed to environmental factors.The subsequent development of rice varieties with more resistance to insectsand diseases and with improved quality'Qaste and appearance) has helped toC(extend the area where the HYV are grown. New varieties more suited to localconditions have been released through national programs, and this hasenhanced the spread of the improved plant type. Despitehowever, the these advances,new rice varieties had spread to only about a quarter of therice-growing area in Asia by the early 1970s. 

Teresa Anden.Lacsina an 'Randolpht BarkerEconomist, rspectively, in the 
are Senior Research Assistant and AgriculturalDepartment of Agricultural Economics, RiceInternationalResearch Institute, Los Bahos. Laguna, Philippines.The nuthors are indebted toEugene BbnnA n, Adelita Paltcpaclauitions and compuations in this chapter and th1thre mid Cetia Capute. , assiswd wih IhCwh ,fottown, . h d h
 



Table 1. Proportion of total rice area planted to modern varieties, Asian countries, 1967/73, Source: D.Dalrymple, Development and Spreed of High Yielding Varieties of Wheat end Rice in thc Less Developed
Nations, Aug. 1976, 

Country CProportion of totel area in modern variettes--------- t%) 
1967/68 1968/69 1969,70 1970/71 1971,72 1972173 1973/74 

South Asia 3,8 6.4 C9.9 12.9 172 20.6 24 3India 49 7.3 11.3 14.5 19.3 22.1 25,6Bangladesh 07 1.6 2 6 4 6 6,7 11 1Nepal 15.7- 3.7 4.2 5,7 
 4.5 14.8Pakistan 1 ,803 19.8 30,9 36,6 50.0 43.7 43,2Sri Lanka' - 1.2 49 5.0 12,0 4,7 4,8
 
Southeast Asia 
 3.2 7.2 10.0 12.6 15,7 20 0 25.3Burma 0.1 3.5 3,1 4.0 3,9 4.4 5.1 

Indonesia 
 - 2,5 10,4 11 1 16.0 24.4 36,9Laos 0.1 0.3 0.3 8.1 4,5 7.5Maiaysia tWest) 23.1 20,9 26.5 31.4 
7.5 

37.1 38.1Philippines 21,2 40.6 43.5 50.3 56.3 
37.4 

L40 633rhaland 
 - - . 0.04 04 1.3 4E 6Vietnam (South) 0.02 1.7 8.4 20.0 25,7 9 31.4
 
Total Asia 
 3.6 6.7 10.0 12.8 16.7 20.4 24.7 

Rice researchers are now set'ctiii and breedinglL varielies for loleranllce ofsuch unfavorable environmental conditions aS droight; deep water. poor ",oil".

and cold tenperatu(re, Fertilizer responsi' 
eness isonly one tl many trails being
considered in the development of rice varieties suited for different environ­
mental conditions.
 

The te rm "hl i elding vartlcies-
 mayiv\e the misleading impression that

such rices give high yields under all conditions. No single term or phrase can
adequately describe the increasingly diverse characteristics of the new rice
varieties. Because this sltudy is concerned with changes that have

associated with varieties developed and released 

been
 
to farmers since 1965, thleterms modern (MV) or new, rather than high yielding, are used to distinguish


recently released varieties from earlier ones.
 
Varieties in use prior 
to 1965 are referred to as local varieties (LN) and :include those developed through breeding programs (improved local varielies)

and other (traditional) va rieties existing before 1965. The terms do not imply acomplete lack of progress in \arietal improvement prior to 1965. Actually,

improved local varicties were found important in ny study areas. 
Further­
more. the plant Iype characteristics of [lhe mpre recently released MV are rela­tively similar to those of the improved LV. The favorable features of many IN 
are being bied into the MV. 

EXIENT ()F ADOPTION (iF MODRN VARItI'IlS 
The extent of adoption of MV in the study villages and the preference for
specific varieties are analyzed in this Jhapter, An attempt is made to identify 
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tl)"se lactors which maIy have conti ihuted to) the vi niatiion in extent Of idoptionof MV among villagesa
lhe villagtes Were Cilssified int" two 1ypes: I) monocul turc rice villagies'Ihere9('1%;- or Ir! o,1 [lte cropped iareat that is SL il 'or 'ric)
((exchiding upland and tice p


onp area.s) isplanted to rice in both the wet and dryseasol; and 2) nixd-farming villages where, in addition to rice, another crop.Such ;S suHgaCanIC, tobacco corn, or wheat, is of iajor cconolic importance.These other crops are grown either in rolition, e.g., rice follmked by, Mheat orcorn, (,l On difereil portions of tle ,arm area during the same season, e.ricein coiati iWith sugarcane oir tobacco.The difference in cropping patterns bctwecn these two types of villagesreflects differences in envirinnretal conditions. A rice-grwing village thatcan grow a crop in addition to or in combination with rice is likely io have amore favorable environment for rice production because Of better irrigationad drainage facilities. Monoculture villages tend to have no alternate orsupplemeniary crop to rice and, generally, are centered in rice-growing aieas.The first of the V -- Ta-ichung Native I (TN , a short stiff-straw varietvdeveloped i Taiwan-- was introduced into India in 1965. In 1966 and 1967. itwas tested by farmers in the study areas located in India. but itdid not spreadbecause of its low resistance to major rice insects and diseases,
IR8, the first of the rice varieties n'amned by the International Rice ResearchInslitute (IRRI). was released in 1966. It was tried in many locations andgained popularity principally in the Philippines and in India. A^ the time of thissurvey, R8 had been replaced in the Philippines largely b,,subsequent IRRI­releascd varieties, bul it was still grown extensively in many parts of Indiaduring the dry season because of its high yield perf'rmance under favorable

growing conditions;
IRS. which was released in 1967. and its sister lines Bahagia in Malaysia andPankaj in idia ginned popularity in ihose areas whe IRR "as 'oun.d unsuit­aIc, For example, at the tilncof the survey. IR5 ­ knornias P135 (Peta Baru orNew Peta) in Indonesia - was the most popular of the new varieties in thestudy areas in Java. Indonesia.

National programs soon afterwards began to release rice varieties, many ofwhich were based on crosses using IRRI plant material. These includIed C4-63(P hilippines) in 1967, Jaya (India) in 1968, RDI (Thailand) in 1969. Ratna(India) in 1970f, and Pelita (Indonesia) in 1971National programs in India. Indonesia, and the Philippines strongly sup­ported trhe introduction of MV, and the adoption ratevillages was in most of the studyrapid (Table 2). Adoption of the new varieties was slower invillages in Thailand and in Pakistan.
Acceptance of the new rice varieties was slow in Thailand Ior two reasons.First, the low grain quality of the original IRRI rices was not suited to Thai­land's dependence on the export of high quality rice for fort exchangeearning. Second. and more important, the short staiure of thc new Varieties Wias 
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rabe2. Trend Inthe proportion offarmerswho had used modern varieties (MV by country and by typeof farm In 32 villages in selected areas in Asia, 1966/72.a 

Item Farmers who had used MV (%)Villages ,. 
(no.) 
 1967 1968 1969 1970 1971 1972 

By country
India 12 27 43 77Indonesia 93 96 965 28 64 83Malaysiaa 2 -

88 90 90 
- - - 100Pakistan 1002 0 11 21Philippines 9 38 100 10036 71Thailand 2 0 0 

91 99 100 1000 41 82 82 

By type of farmMonoculture 17 32 60 73 85 92Mixed farms 9215 23 42 77 90 99 100All villagesb 32 26 50 73 87 96 95 
abData not available prior to 1971. bExcludes four rainfed and poorly irrigated villages: Mahipon.Maluao, and Cabpangi inPhilippines arid Sa Krachom. Thailand, 

not suited to the poor water control conditions characteristic of tile Thai­rice-growing environment. where flooding, deep-water, and rainfed conditionsare common. The grain quality of the new rice RDI that was released in 1969was superior, but this variety also was not suited to the prevailing conditions of 
: poor water control.

The spread of MV in the Punjab of Pakistan was afiected by government
policies designed to maintain adequate supplies of local high quality Basmatirice for export.

There was no pronounced difference in the trend of adoption of the new ricesbetween monocUlture and mixed-farming villages. By 1972, however, all far­mers in the mixed-farming villages had tried the new varieties, while, on theaverage, 8%of the farmers in the monoculture villages had never planted the new rices (Table 2).
Cidahu in West Java, Indonesia, and Sa Krachom inThailand were the onlytwo villages surveyed where over half of the farmers had not tried tihe MV(Table 3). Crop loss caused by gall midge discouraged farmers inCidahu. whilein the rainfed village of Sa Krachom, lack of water control reduced the incen­

tive to try the new varieties. 
Although most farmers surveyed had grown MV at the time of the survey,
tle area actually planted to those varieties varied widely. An average of 65% of
the rice area in all villages was planted to MV in the wet season (Table 3), the
coverage ranging from 27. to 100% of the total rice area. In all villages but five,
where two crops of rice were grown alarger percentage of the area was planted
to MV in the dry seasonthan in the wet season.
The largest difference in area planted to MV between the dry and the wetseason occurred in the two villages in Orissa, India, both located within a fewkilometers of the Central Rice Research Institute, Cuttack, and in the two 
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Table 3, Rate and extent of adoption of modern varietien (MV) by type of farm in 36 selected areas inAsia, 1971/72." 
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irrigated villages in Thailand (Table 3). In these locations, as well as a number 
of others, MV suitable for the wet season conditions are not yet available. In 
Eastern India and in Thailand, it is not uncommon for fields to be flooded to a 
depth of half a meter for a considerable period of time. Flooding reduces 
tillering of the rice plant. MV that are suitable for the poor drainage or 
waterlogged conditions that characterize many of these sites have yet to be 
developed.. 

Incontrast almost 100% of the rice-growing area in the villages surveyed in
 
the Philippines had been planted to MV. The percentage ismuch higher than
 
that for all other countries, particularly in tle wet season (Table 3). This high

degree of acceptability (over 50% of the entire growing area in the Philippine

by 1973) might be related, in large part, to the location of the Interntional
 
Rice Research Institute in this Asian natibn. In the initial stages of its varietal
 
improvement work, IRRI released varieties that were apparently better suited
 
to conditions in the Philippines than to those elsewhere in South and Southeast
 
Asia. 

VARIETAL PREFERENCE 

While manY varieties of rice are grown throughout tropical Asia, two or three 
dominate the planting pattern of any one lowland rice village. Sone LV and 
MV have spread to more than one country (Table 4, 5, and Appendix A). The 
specific characteristics of many varieties are summarized in Appendix B. In 
reply to a survey question regarding preference for rice varieties for the wet and
dry seasons, famers most frequently gave '!igh yield" as their reason. Thus 
they prefer a rice variety that perfo ms best under their specific rice-growing 
conditions. 

To determine the degree to which varietal preference was related to specific
plant and environmental characteristics, rice varieties were categorized accord­
ing to date of release - local (before 1966), early modern (1966-1968), and 
late modern (1969-1971). The late MV generally had greater disease and 
insect resistance and better grain quality than the early MV. 

In 1972, the early MV were preferred in the mixed-farming villages in both 
the wet and dry season (Table 6); LV were still strongly preferred, particularly
in the wet season, in the monoculture villages. In the monoculture villages,
farmer preference for the more recent releases was similar (28% for the wet 
season and 33% for the dry season) to that for the early MV (25%, wet season, 
and 33%, dry season).

The contrast in the adoption patterns between the monoculture and mixed­
farming villages seems to be related to climate and the incidence of rice insects 
and diseases. For example, in the generally drier climates prevalent in the 
mixed-farming villages of India, iR8 continued to be popular although it was 
rarelygrwn in recent years in most of monsoon Asia because of its susceptibil­
ity to such diseases as the tungro virus. 
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Table 4.Preference of farmers for IOcal a nd modern vurieties it 36 Asian villages, 1971 "72 wet season. 
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Table 5. Farmers' preference for local and modern varieties In 36 Asian villages, dry season, 1971/72. 

Country/ Local varieties (%) Modern varieties I%)S villagevlgMahsuri ..Intan Others" IR8/Jayab IR5 IR20 CR-63 Others": 

India 

Monoculture villages
Kandarpur, Orissa -- - 2 46 - ­ - 52 
Korpada, Orissa - - 5 60 - - - 35 
Pedapulleris, A. Pradesh 6 82- .. 12 

Mixed-farm villages 
Gajanur, Mysore - - 95 - -
Hosahally, Mysore - - - 100 - -
Ashoknagar, Mysore - - - 96 - 4 - -Kariyamangalam, Ttmil Nadu - - - 96 4 ­- -
Palvarthuvenran, Tamil Nadu - 97 ­- - - - 3 
Manmalai, Tamil Nadu - - - 83 - 17 --

Indonesia 

Monoculture villages 
NganjaL Central Java - - 94 - 3 - - 3 
CidahuWest Java 1 - 95 - 1 - 1 2 

Mixed-.arm villages
Pluneng, Central Java - - 98 -- - - 2 -
Kahuman, Central Java .. - 100 - - - - -
Sidomulyo, East Java 1 - 19 2 78 - - -

Malaysia 

Monoculture villages 
Salew, Kelantan 91 9 - - - - - -
Meranti, Kelantan 88 - 12 - ­ -

Philippines 

Monoculture 
San Nicolas, Nueva Ecija - 2 ­15 21 48 - 14 
Malimba. Nueva Ecija - 55 10 ... - 30 - 5 
Marcos, Leyte - - 39 29 20 3 9 -
Canipa, Leyte - - 7 37 28 4 20 4 
Tab-ang, Leyt% . - - 45 41 8 - 6 -
Beynte Nuwebe, Davao - - - 8 - 84 5 3
Sinayawan Davao - 3 28 . 13 3 48 - 5 

- Bulucaon, Cotabato " - - 3 - 42 42 10 . 3 
Mixed-farm villages

Capayuran, Cotabato ­ - - - 9 23 54 14 
Cabpengi, Cotabato - .- - - 20 - 80 -
Maluao, Cotabato ­ - 11 3 17 44 22 3 

Monoculture villages
Rai Rot, Suphan Suri - ­ - - - - 8 92Nong Sarai, Suphan Bu ­ - 27 - - - 4 69 

aWide range of local varieties. bIR8 and Jaya are identical In plant type; Jaya was grown widely in India 

and IR8 in India and elsewhere, "Principally Ratna, CRRI seris in India and RD1 in Thailand. 

In all probability, new releases, more resistant to pests and diseases, will 
continue to replace the currently popular MV, particularly in the more humid 
areas. However, LV will remain popular in many areas until MV that are 
suitable to local environmental conditions are developed. 

Watercontrol is acritical factor in the decision of a farmerto plant LVor MV 
because MV tend to require greater water control than to LV. Lack of water 
control often results in flooding, poor drainage, ordrought conditions. 
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Table 6. Preference of farmers for specifc varietal groups ofAsia, 1971/72, 
rice,selectedvillagesIn 

Farmers (%) preferring 
Villages Early LateLocal moderna modernb 

Wet seasonMonoculture 
17Mixed farming 15 	

47 25 2828 49 23
Dry season 

MonocultureMixed farming 17 	 34 33 3310 22 71• ncludes the following varieties first released from 1966-68;inIndonesia R8 and R5 (knownoffIcilynas P88 and P), C4-63,Jayncdta fi6ancludes and/R 	 (known officially in Pi.kstan as Mehran6e, - aa ,a tcuehe followino var,d RD6toieswlhas characteristics very slm a 'J 	 sJ 1 ROI2,Rbred n ,Panaj 	 a nda.aya1R20 war relased in 1969, Jaa,specificllyRa DIn lrh hwas cassfd witrte eafor re'sistance to insect,first rasedw 	 hiccl ,assied with modern group; 1R20,sp vmoortoI,,1.Sf 	 odern roup.fromn F. Iteern1969Table 7. 	 ~ si , a dwiththe late group.to d1971Farmers' preference for rice varieties classified according to plant height and1R26
level of water control, 36 villages In selected areasin Asia, 1971/72. 

Type of Farmers preferring (%)
Wet seasonrice preferred 	 DysaoW a Dry season 

Good Average Goodirrigation 	 Averageirrigation Rainfed irrigation irrigationSemidwarf 
, 35Intermediateb 	 51 32Taill 40 19 	 542519 32 273277 27 

308	 36lncludes 	 22 19IR24R22 9 Jayasuch as 	 Ratna, CR-seriblncludes 1R5, C4-63, Mahsuri, Pankaj and BPI-76. ally reieased, 
dR6. 	 and lines not Offic 

To determine to what degree farmer preference for a specific rice varietywasassociated with water control, varieties were categorized as tall, intermediate,or semidwarf. Also, farms were cross-classified according to varietal type andirrigation at one of the three levels of water control 
- good irrigation, average
irrigation, and rainfed (Table 7). The preference forsemidwarf r

in the rainfed areas. 
 d ices was lowestAlthough only three varieties of intermediate stature had been widely dis­seminated (IR5, C4-63, and Mahsuri),
rainfed areas. 	 they were relatively popular in theRice breeders are devoting more attention to this plant type
which may be better suited to unfavorable growing conditions and low
agclllel( practices than are 

man­
semidwarf rices. 

AREA SOWN TO MODERN VARIETIES AS RELATED ,TO YIELD AND INCOME GAINSFarmer preference for IV because of their high yield suggested that the levelof adoption could be related to (he income advantage achieved from improvedV ' oh nc m ti p oe 

http:vmoortoI,,1.Sf
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yields of tIhe MVover the 1LV. In this analysis, income refers to the gross returns 
from rice less fertilizer cost. In 9 of the 14 locations, there were enough 
observations for MV and LV to permit a comparison of tile yield and income 
advantage, Very few L-V were being grow\n at the four Philippine :iitcs. and dat 
were not available from one of the two sites, in Malaysia for these to be 
included; In some villages, the quality of land, water control, and management 
practices used for MV and LV differed markedly even within the same farm. 

No clear relationship between the yield or income gap and the percentage of 
area sown to MV could be discerned (Table 8). For example, in Varanasi, 
India, LV are grown in the low-lying areas that are not served by the tube well 
irrigation, because flooding niakes such areas unsuitable for MV.Also; in Don 
Chedi, Thailand, the deep'water in some areas precludes tle use of MV. Thus. 
the big gap inyield and income between MV and LV at a given site reflects and 
environment where some of the poorest rice-growing areas are planted to LV. 
Generally, the better rice-growing areas are used for planting the MV. 
I The relationship between income, yield, and area in MV was examined for 
selected sites by comparing cumulative frequency curves for MV and LV( Fig. 
1 and 2). These curves are generated by ranking farm yields and farm income 
from high to low for LV and MV separately. 

In the neighboring villages of Kandarpur and Korpada in Cuttack, India, LV 

Table 8. Average yield and income from modern rice varieties (MVI and local varieties (LV) compared, 
in villages in 9 areas in Asia,1971/72. 

Yield (t/ha) Income (US$/ha)a Rice 
Village location area in MV 

MV LV MV/LV MV LV MV/LV (%) 
Wet season 

India 
Varanasi, U. Pradesh 3.5 1.2 2.9 211 94 2.2 46
 
Cuttack. Orissa 3.0 2.3 1.3 274 215 1.3 15
 

- West Godavari, A. Pradesh 4.1 3.1 1.3 320 259 1.2 9
 
Shimoga. Mysore 5.2 2.8 1.9 464 287 1.6 77
 
N,.Arcot, Tamil Nadu 4.9 3.0 1,6 425 288 1.5 58
 

Indonesia 
Klaten, central Java 5.4 4.9 1.1 304 334 0.9 66 
Subang, West Java . 3.2 3.0 1.1 126 128 .1.0 50 

Pakistan. 
Guiranwala, Punjab 2,8 1.8 1.6 69 72 0,9 44 

Thailand 
Don Chedi, Suphan Buri 2.5 1.7 1.5 96 63 2,9 22 

Dry season 

India 
Cuttack, Orissa 4.0 2.9 1.4 345, 266 1.3 92' 
Pedapulleru, A. Pradesh 5.4 2.4 23 406 178: 2.3 44 
N. Arcot, TanrrI Nadtu 5,2 3.5 1.5 458- 393 1.2 82
 

Indonesia 
Klaten, Cemral Java ,6.2 5.2 1.2 .352 352 1.0 58
 
Subang, West Java 3.9 3.0 1.3 157 130 1.2 45
 

"Gross returns less fertilizer cost. 
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STIMATING THEPERCENT OF THE RICE-GROWNG 
ARA SOWAN TO MODERN VARIETIE1S' 

.While the number of farmers adopting MV has generally been quite high,fcpercentage of the rice-growing area th•
IRGA)sown to MV varies markedly
 
"amongthe study Village s , T'o explain the variation inthe RGA planted to MV ineach village. the factors thought to contribute I major part to this variation%,,;re incorporated inito a regression model.: : r" ".
 

I::n tris model the percent of tihe RGAplanted to I is expr~essedl aOs;
f.iunctlion of four explanatory variables as follows: . - ..
 

::.:.iFora;
monre detailed m l:i ,e .;;lLtt.tci
l A ndeli"A il Ii,c,,eghion t,.,IAnalysk;of tlickwto'r. R,l;[cdi

Ih CtAdopr!ior and Yield Levels f Modern V arnietisard
Fertilizer Usc," M .S:of tiher1, at o tb skso i, itcdto the U nikersm,1dppinu Bijo .Fej r yl17 S,. .
 .. . . .
 . .
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MV a+ /3PR +/3,S + 3T + /34 P + 

"'hre
 
MV percent of the RGA 
planted to MV in each village;PR = the ratio of the price of MV to the price of LV,the highest valuebeing 1.3 in the three villages in Leyte, Philippines, and the lowest,0.6 in the two study villages in Pakistan;S = dummy variable for season, where wet season = 
1, and dry season 

= 0;
7' = dummy variable for the type of farming area where all monocul­ture rice villages (excluding those in the Philippines) arc given theValue J in the wet season and all other villages zero;= 
dummy variable for Philippine villages = 1,and. for -llothervillages = 0;U = a constant showing the percent RGA in MV when all variables

have a zero value; and
it = a random error term. 

The results of the analysis must be interpreted cautiously becausenumber of dummy variables the.in the regression can introduce bias into theestimated coefficients. Predominantly rainfed villages and the village of Kahu­man in Central Java, Indonesia, which hadan inexplicably low percentage ofthe RGA planted to MV in the dry season, were not included in the analysis.The results of the regression are
 
,MV= 48.9 + 34.5* PR ­ 7.5 S - 52.5** T + 18.3** P R2 0.739 

,%rstai caln sgmnficanat tCh5%1 level 
** = statisticallysignilicani at the1% level .. 

The observations of all variables are shown in Appendix C,together with
the 
 actual and estimated values of the percent area in MV. The regressionexplains approximately 75% of the variance among villages in the proportionof thle RGA that isplanted to MV.A 0.1variation (higher or lower) in the price ratio of MV to LV(PR) canchange the RGA planted to MV by about 3.,%. For example, the unfavorableprice ratio of.MV to LV in Pakistan (0.6) reduces the RGA planted to MV by13.8% as compared with those villages wherc there is no differeihtial in theprice of MV to LV. Generally, the negative impact of price and higher produc­tion (fertilizer) cost isoffset to some extent by the yield advantage of the MVover tile LV.,STle difference in adoption between wet' and dry seasons (S) is stimated as on M Il ti mI oclture areas in the wet season, however, thearea sownto nNIVthe ivilages outside the Philippines (T) isextremely lowv (TableA t3).fact, the poor rica-growing conditions for MV -appears to reduce theGA in V by.52.5% in these villages, 
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iThempact of a-location in the Philippines wheretmanyinew rice.varieties 
were developed and testedbyIRRI isshown bythe last variable (P). An 18.3% 
greater area in MV in the RGA may be aconsequence of being located in the 
Philippines, 

CONCLUSIONS 

Wide variability exists in the level of adoption of modern rice varieties (MV) 
across the rice-growingareas of Asia, even in the irrigited areas reprSeented by
thisstudy.ln sohme villages, over 90% of tlhe area was planted to MV, while in 
.thers less than 20% of the RGA was sown to those 'varicties. Factors con­
tributing to this variabilityare seasonal suitability of the rice variety, the degree 
of water control, and profitability, 

The first MV were short statured and, under ideal rice-growing conditions, 
responded well (high grain yields) to fertilizer, They were well Suited to areas 
characterized by good irrigation-combined with high solar radiation. Alhough
medium-statured varieties appear to have a lower yield fotential than the 
short-statured rices, the rices of medium stature had greater tolerance to 
unfavorable soil-water environments and were thu, becoming popular in f any 
of theStudy. villages, particularly in the wet season, In other villages local 
varieties remained more opular than >the I, probably becase these areas 
have poor drainage and are unsuitable for the modern rices. 

The wide acceptance of the new rice varieties in the Philippines suggests that 
proximity to research centers such as IRRI isan important contributing factor 

S: 

in the transfer of technology. 
Research for rice production thenational systems must be concentrated in 

the.. evelopment 6f high yickling rices that are suited to agroclirnatic condi­
tionii . Varieties are needed that perform well under. different growing condi­
tions, such assalinity, drought, flooding, and deep water It isalso possible to 
raise rice yields by improving the irrigation systems so that existing varieties 
and technology can be adopted. To increase production in unfavorable agroc­
linhatic environments both strategies should be pursued with equal determina­
tion, 

: ,,: ti i i ! , [: . ,: l : . : ;. .. . . . . l[ ' : .. .. . . . 
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" '.. Farnr,. 1retrt:i4-mt, fu" hital and niudrn Narit'ius h%"caJill and 	1
h1, if),Il'frm in 30 iilh 
 t, in %vIv't d ar'i in .-\.Iiai.19 7 1 7 2 .	 . . 

V.: sas~,nD~v 	 soC~eas 
Counryv!age-- un ryiv~i~tage......... 
 Loc Fa' r5referi q ,Modrp n rm.,s Loc.j~Os o"-!ir',rng Vareties F :rrnt s M Farmers,'derrig varieties preferring 

lonocultumKandarpur, villagesOrissa Othersa 	 06 CR sernes! 72 OtMers 2 Ratna 52 
RatnaPankal 2Korpada. Orissa 	 Jaya 4620Others 25 CR series 67 Others 5 RatnaRatna5	 35 
Jaya


PedaPujeru. 	 3 JayaA. Pradesh 	 60Mahsuri 50 IRS 13 Mahsuri 6 IRSMixed-farrn villages 	 21Jaya 37 
Jy37Jaya 


1 Others

D VqjyO". U. Prade' 6125 IR8 67
 
Tara U Prad sh 
 Ratn,IR8 SIR8 88 

>
IRSBarar. U P ad sh Jaya 	 12 

77 

Gajanur. Mysoe Jaya 	 23IR 8 57 
Jaya 43 IRS 54 z 

IR20IRS 	 51H osdha M,. sre Jaya 	 41
IRS
 

As nkagar Mysore 
 JayaM8 
Jaya 	 89IR20 57 
IR20 4IR22 2 
JayaK arlancja amiami7 	 96 -Nadu GE824 	 Jaya 4164 IRS 19 
IRS 96 

Nadu R20 17 IR20 4
'm.20 100 

IR8 97Manma , Tarid Narlu Mama, amlNauR22 3IR20 64 
(continuedlon oPposte page) 

:R8 83 
IR22 36 IR20 	 17 
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AP:I \1l\ \ continued 

Wet season Dry season 

Country/village 
.... . .. ... . . . .. . 

Local 
varieties 

.. . 

Farmers 
prifetring 

. i 

Modern 
.arieties 

Farmer" 
preferring 

(i%) 

Local 
varieties 

Farmers 
preferring

% t(% 

Modern 
varieties 

Farmers 
preferring

o-' 

Monoculture villages
Nganlat. Central Java 

Cidahu, West Java 

Sigadis 

Mahsuri 

78 8r$ 

Other !R 
series, 

IR5 

:-i! ,__ 

3 

19 

4 

S,.3adis 

Rojelele 

Gembiro 
Gondomono 
Shynla 

Rololele 
Mahsun 
Sigadis 

Gemliro 
OGthrs 

60 

4 

28 
2 
4 

1 
1 
1 
I 

8 

IR5 

Other IR 
series 

IR5 

CR-014 
C4-63 
Otner IR 
series 

3 

3 

1 

1 
z 

-. 

Mixed-farm villages 
Pluieng. Central Java 

Kahuman, Central Java 

Gembiro 

Gondomono 

Others 
Gorrdomono 

9 

8 
3 

100 

IR Series 2 Goudomono 

Otners 

Gemibiro 

9 

1 

88 

C4-63 2 

> 

Sidomuly. East Java IRE 100 

Gondomono 
Otiers 
Mahsur, 

Others 

10 
2 
I 

19 
IR5 
IR8 

78 

2 

> 

> 

Monocuiture villages 
Salor, Kelantan 

Merant:, Kelan-in 

Intan 
Mahsuri 

Others 
Mahsuri 
intan 

Others 

85 
14 

1 
15 

2 

83 

Mahsuri 
!ntan 

Mahsur 
Others 

91 
9 

88 
12 

Pakistan 

Mixed farm villages 
Aroop. Punab Basmati 63 IR6 32 



Mahsur i IR8 3
Others I 

Maraliwala. Punjab Basmati 58 IRE 32 
Others 10 

Ph',/lipnes 
Monoculture vUiagesSan Nicolas. Nueva Ecija 10Others IR series 56 Ititan 15 IR series 83
 

Malimba. Nueva Ecija C4-63
Intan . Others2 IR series 82 2ntan 55 IR series 35
Otrhers 11 C4-63Mahipon. Nueva Ecija r Others 10Intan 31 IR series 4S
 
Tjremas 10 C4 63
 
Peta 
 3
 

Marcos. Lryte Othrs 7
PI ta 14 IR seres 34 Peta 4 IR seres 52Tjefr-mas 28Canipa, Leyte C4-63 2.1 TeremasPeru 252 IR se:es C4-63 964 Others 7 1R seriesOthers 7318 C4-63Tab-ang, Leyte 16
Peta 15 C4 63 20IR series 55 Peta 26 R seres 49Tierernas 4 C 4-63 7 Others tO C4 63 6
 

Beynte Nuwebe. Davao" Others 9
Intan 2 IR series 8S IR series 95Others 2 C4-63S~finawan, Davao Others (4-35 tR series 5 
,),I Pela 3 C, 632 3 ;R set es 69 

C4 63 5 Intan 3Sutce!r,. Cntahatu > 
IR seres Others95 Others 53 11 seres 87

Mixed-farT vitla es C4-63 5 C463 10
 
Capayuran. Cotabato 


IR series 66 1R s{,!ues 46
 
Cabpangi, Cotabaio 
 C4 63 34C4-63C4-63 10 C 35100 63 541R 20
 
Maiiaau Cutafato 
 Others 10 IR series CS-6387 Others 8011 IR senes 67 

C4-63 3 C4-63 22 
Mo r r c ur t ure ,. ~ ' 7lrariand 

Rai Rot, Suphan Bun Kao-ta-lang 44 RD1 44 RDI 92 
Nong Others 12Sarai. Siiphsn BU Others C4-63 871 RD1 29 Others 27 RD1 69 
Sa Krachi m, Siphan Bir, Kai-ta-Jang 32 C4-63 4 

Others 68
 
"Others" refers t 
 local varifties other than those mentioned above. b Releases of the Central Rice Research Institute in Cuttack, India. W eleases of thetional Rice Research JnstitLte --- IR5, IR24, IR22 't..aInterna 
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~"AP 4;!i:R Li ii'o oie -','iijoIt, dI' wactejisii1I iasI 

A,DT.27, 1965. Ant japoil 1 V h, I tyandica hyri f arls maItI In inerI ned ate hci2I t 
rele'asCd by Madras State of india. Moderately rCspoIsivc 10 nilrogen. Suall,
round grains: good cooking quality 

Apostol. A tail traditional variety. Strongly sensitive to photoperiod.
Bahaga, 1968, A sister selection of IR5 rCleased by WeSt\Vls siaIl iate ill 

plant type and mih'ritv, 
BIAM 3.A selection from a tall traditional variety suited to ow-ling areas Rekased by

the Orissa State of India. GOod cookingqI uality.
Basmnati 37(0. t933. A selection from the Basmatai variety of old India. Kniwn fot its 

aroma and kernel elongalion character. Late in matllri \ and Jim yie~ding. Com­
mands a high market price in South Asia and East Africa. 

lcngaan. 1941 . Released by the Central Research 1ilsitutLe of Agrictltur. Indonesia. 
A tall varietv \\eakly sensitiN e to phtoperiod. Notcd for its t!od calin luqoalit, 
Medium resPonsix e to fcrtilizc. 

RPI-.76. I960. An intermediate variety developed by tC Philippine Bureau of Plant 
. . Industr,. Strongly sensitiv'e to photoperiod; Slender grains.

(4-63. 1967. An intermediatclk tall varict dcvcloped by tle Universt, of the Pialip­
pincs. ,ollcge of Atgriculturc about I1)07. \\e;aklv scnsiti\c to, photoperiod Noted 
for its good eating quality.
 

.4-63G. c. IYON. A pure line SelcClcd tr 44-3. \\ fil
onm green basal leaf+sheath. (grcen 

C4-137. I169. An intermediately tall variety rclCased by the University of the Philip­
pines College of Agriculture. Weakly sensitive to photoperiod 

Ctt-29. c,1960. A.hx'brid varict%of Madras Statec(India) having carlJmirttyr t and blast 
resistance. Moderately tall. Medium grain qualitY.

(1.33, ..1970. A semidwarf variety of Madras State (India) originating from IRS x 
*ADT-27. Also known a,, Karuna. Early maluring and responsive to nilrugcn. 
Small, round grains. Good cooking quality.

Dara. 1960. A tall variety released by tIe'Central Rescarch Instilute ol Agriculture.
Indonesia. Relativelv inseensitive to photopcriod. Medium grain qualil. 

Dce-go-Nwoo-gen. A scmidwarf variet ol l Insensiliic 
Taichung Native I.IR8 and many semidssarl lilies \\Cr derived frhom egl)ec 
\oo-gen.

GE13-24. c.I930. A spontaneouS mutant selected from a traditioial \,aricty of Madras 
State, Good grain qualit' Parent of many Indian varicties. 150-day maturit. 
Although lowVieldin tmmandsahigher pricetndo ice vart. 

Intmn. 

T[ais an, to pliot criod. 

1940. A tall varicty released by the Central Research lnst itlt of AgriculLltlle,
Indonesia, Also grown in the Philippines. Weakly selsitive to plotoperipod.

IR8. !966. A semidwarf variety. First ,aricty tamt'd b The Intirnational Rice 
Re:earch Institute (IR RI). Relatiscly insensiive to photopcriod, Outstanding in 
nitro.en response, Poor grain type. Lacks rcsislace to bacterial blight, tungro 
virus, o6rmown planthopper, and grassy stunt virus.1105.1967. Dclopod ait IRRI. Intermediate in height and weakly sensitive to photo­
period. Poo)r grain I)pe.l Morresureistant to adverse weather conditioins than other
IRRI ;scnidsairf, varieties, but lacks resistance to tungro, brown plainthoppeir.
grassY stunt. md the stem borcrs. 

InI
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IR6. 	I970. A naIc given 1 tihebreed iIg line IR6-1 56-2 before it was namned as Mchran 
69 in Pakistan. 

IR20. 1969. A semidwif namedby IRRI. Weakly sensitive to photoperiod. Moder­
ately resistant to tungro and Ieafhoppers. Medium long and slender grains.IR22, 1969. A semidwarft aned by IRRI. Weakly sensitive to photoperiod, Slender 
grains. Susceptible to tungro and the leaflhoppers.

IR24. 1971. A sumidwarf named by IRRI. Relatively insensitive to photopcriod. Soft
and moiSt cooking quality. Modettel) resistant to tungro and leafhoppers.

Jaya. 1968. A semidwarf variety released by the All-India Coordinated Rice Improve­
ment Project. Relatively insensitive to photoperiod, Poor grain type.

.Ihl)oa 349. 1933. A seleclion froiJhona. a traditional varietyof the Punjab area (India
and Pakistan). More high-yiclding than other local varieties, Poor grain quality.

Kullakar. A 130-day traditional variety from v hich ADT-23 \wias isolated. Native to 
Madras State of India. Short and red grains.

Nalinja. 1964. A moderately tall and relatively early maturing (though sensitive to

photopcriod) hybrid developed in Malaysia. Highly susceptible to diseases. 

Mahsuri. 1966. An intermediate variety released by the Rice Department of Malaysia.
Relatively insensitive to photoperiod, Priccd for its fintl grains.

Mayang Ebos. A tall and late traditional variety of Maaysia which has very sIrong grain
dormancy. Sensitive to photoperiod.

Mehra 69, 1970. A sCmid\warf, long-grain selection from IR6-J 56-2 rclkased in 
Pakistan. Slender grains.

Palman 2 4 0. 1939. A selection from Palman, a traditioral variety of the Punjab arca
(India and Pakistan). Grain appearance good. hut poor cooking quality.

PIankaj. 1969. A sister line of IR5 selected in India.
 
[PB5 Indonesian name for IR5.5
(Peta Baru 5). 

PB8 (Pcta Baru 8). Indonesian naMie for IR8. 
Pebifur, A relatively carly, moderately tall, indica vanrity of 1avkan. A major %;aricty 

grown in the double-cropping area of West Malaysia during i942L 1964. 
Pclita. 1971. Released by the Central Research Inslitute of Agriculture. Indonesia.
 

\Weakly sensitive to photoperiod. Grains relatively more attractive thian those of
 
P135 or PBS,


Peta, 1941. A tall variety released by the Ccttral Research Institute of Agriculture,

Indonesia. Also grown in the Philippines. Weakly sensitive to photoperiod.


Raltna, 1970. A semidwarf variety released by the Central Rice 
 Research Institute. 
India. WCaklvIy ensiti yc to phtotoperiod. High grain quality.

R D 	 . 1 69. A Thai scmidwarf \"riet\ . First h'\brid \arict" namCL b\ the'lhailaid Rice

Department (now Rice Dvision). Long and slender grains. More high-yielding
 
than traditional varieties.
 

RD3. 1969, A Thai semidw'irf ariety. Similar to)RD I, it is also non-glutinous. Long 
and slender grains. More llighl-Vicldi, tghan traditional varieties. 

RI)5. 1973. A moderatcly tall Thai" hybrid variety having' iplant type intermediate 
between the tall traditional type and the semidwarf. \\eakly sensitive to photo.
period. Long and slender grains.

Ramadja. 1954. A tall \ariety released by the Ccntral Research Institute of Agriculture,
Indonesia. Weakly sensitive to photopcriod. 

Ria. 	1966. IR8 Under atMalaysian nanc: 
Rojolle, A tall traditional variety f the buILt type; purilicd from a farmer's variety. 

H)
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those f S- id grains comnand a higher pricc than 
Siam 29. A tall traditional variety sensitive to photoperiod, Both Malaysian and ThaiI strains have the same name. Slender grains. 
Sigadis. 1954. A tall variety developed bythe Central Research Institute of Agriculture,

Indonesia. Relatively insensitive to photoperiod. Medium responsive to fertiliZer. 
Good eating quality;

SLO-13. c,19.50. An intermediately tall strain selected from a traditional variety.
Developed in Andhra Pradesh, India. 

SLO-19. c.1959. A iall and early maturing strain selected from a traditional variety.
Developed in Andhra Pradesh, India. 

Syntha. 1963. A tall variety devdcoped by the Central Research Institute of Agricul­
ture, Indonesia. Weaklysensitive to photoperiod. Mediumresponsive to fertilicr. 
Good eating quality. Slender grains.

Taichung 65. 1927. A ponlai (japonica) variety of Taiwan. Well adapted to double 
cropping in the'subtropics and tropics.

Taichung NatiVe 1. 1960. The first semidwarf variety released by the Taiwan Provincial 
Departmentof Agriculiure. Relatively insensitive to pholopcriod, Poor grain type.
Susceptible to many diseases and insects. 

Tangkai Rota. A traditional variety of Malaysia having relatively erect leaves, inter­
. . mediate height nld maturity. A parent of IR5. 

.Tjeremas, c,1940. A tall variety developed in Indonesia. Has the same parents as Peta. 
Also grown hi the Philippine-. Weakly sensitive to photoperiod,

TKM-6. c.1950. A relatively eary and tall hybrid derived from GEB-24 x C0-18. 
Slender grains. Moderate resistance to stem borers. Developed in Madras State, 
India. 

ArPINDIX C. lnputdata used in regression analysis of factors affecting the adoption of 
modern varieties (MV) in 32 selected villages of Asia, 1971/72. 

.. ,. ...D . " A 
 u mm y 

Are . Price Dummy Dummy for 
Area planted to MVil/) ratio for for PhilippineSeason/village - MV/Iocal season type of villages

Actual Estimated (PR) (S) (T) (P) 

Wet season 
B. Nuwebe, Davao 100 94 1.0 1 0 1Bulucaon. Cotabato . 100 87 0.8 1 0 1
Capayuran" Cotabato 100 90 0.9 1 0 1 
Marcos, Leyte . 100 .104 1.3 1 0 1Sinayewen, Davao 100 94 1.0 1 0 1
San N'colas, Nueva Ecija 100 90 0.9 1 0 1
Tib-ang, Lfyte 100 104 1.3 1 0Canipa,"Leyte 97 104 1.3 1 0 

.1 

1 
Sidomulyo. East Java 97 . 72 0.9 1 0 0Malimrba, Nueva EciJa 95 90 0.9 1 0 1
Tarne, U. Pradesh 95 69 0.8 1 0 0
Gajanur, Mysore 88 76 1.0 1 0 0
Hosahally, Mysore 88 72 0.9 1 0 0Cabpangi,Cotabalo 82 90 0.9 1 0. .. 1 
(continued on opposite page) 
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Price 
Area planted to MV(%) ratio 

Season/villege MV/local 
Actual Estimated (PH) 

Pluneng, Central Java 81 72 0.9 
Dhanpur-Vijaypur, U'. Pradesh 73 65 0.7 
Manmalai, Tamil Nadu 70 69 0.8 ' 
KahUman, Central Java 66 69 0.8 
Ashoknagar, Mysore 62 76 1.0 

Karlyamangalain, Tamil Nadu 50 69 0.8 

Maraliwala, Punjab 49 62 0.6 

Palvarthuvenran, Tamil Nadu 49 69 0.8 

RaiRot, DonChedi 41 23 1.0 

Aioop, Punjab 40 62 0.6 

Nganjat, Central Java 39 69 0.8 
Cidahu, West Java 26 20 0.9 
Meranti, Malaysia 32 23 1.0 . 

Salor, Malaysia . 22 23 1.0 
Nong Saral, Don Chedl 21 26 1.1 
Kandarpur,Orissa 15 23 -1.0 

Korpada, Orissa 15 23 1.0 

Pedapulleru, A. Pradesh 9 q' 0.9 


Dry season 

Ashoknagar, Mysore 100 83 1.0 
B.Nuwebe, Davao 100 101 1.0 
Bulucaon, Cotabato 100 94 0.8 
Cabpangi, Cotabato , 100 98 0.9 
Canipa, Leyte 100 112 1.3 
Capayuran, Cotabato 100 98 0.9 
Hosahally, Mysore 100 80 • 0.9 
Kariyamangalam, Tamil Nadu 100 76 0.8 
Marcos, Leyte 100 112. 1,3 
San Nicolas, Nueva Ecija 100 98 0.9 
Sinafawan, Davao 100 101 1.0 
Tab-ang, Leyte 100 112 1.3 
Malimba, Nueva Ecija 98 98 0.9 
Gajanur, Mysore 97 83 1.0 
Kandsrpur, Orissa 97 83 1.0 
Rai Rot. Don Chedi 96 83 1.0 
Nong Sara;, Don Chedi 96 86 1.1 
Sidomulyo, East Java 94 80 0.9 
Korpada, Orissa 89 83 1.0 
Pluneng, Central Java " 89 " 80 '0.9 
Salor, Malaysia 89 83 1.0 
Manmalai, Tamil Nadu 86 76 0.8 
Meranti, Malaysia 67 83 1,0 
Nganjat, Central Java 63 76 . 0.8 
Cidahu, West Java 45 80 0.9 
Palvarthuvenran, Tamil Nadu 44 76 0.8 
Pedapulleru. A. Pradesh 44 80 0.9 

Dummy 
for 

season 

(S) 

.1 
, 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
11 
1 
1 
1 
1 
1 
1 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 , 
0 
0 
0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 


Dummy 
for 

type of 
(T) 

0 
U 

0 

0 

0 

0 

0 

0 

1 

0 , 

0 
1 
1 

1 

1 

1 

1 
1 

0 
0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 

0 

0 
0 ' 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Dummy
 
for
 

Philippine 
villages 

(P) 

0 
0 
0
 
0
 
0 
0 
0
 
0 
0 
0
 
0
 
0
 
0 
0 
0
 
0
 
0
 
0 

0 
1
 
1
 
1
 
1 
1 
0 
0 
1 
1 
1
 
1
 
1
 
0 " 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Yield and fertilizer input
 
RANDOLPHBA-RKER. 

I,herC is a high 1OSiti' Ce rrehlIikn het CCI village av;erag rice 
yields and tie ave rage lce,I of applied nitrogen. I owever , icild 

respnse to nil rogen differs considerably ftom oe village to 
anotlhxr. Yield response to nitrogen is alko lighk sIariable from 
* ar to \,cat; in most Ilcations when juIdged fro11t:m datlia r ' 
c lpe rim en t statlions. Tfhe viegld polen lal of mioder tieiitie. at 

nea~irby ° cx. rime tll Stations is ni ch highic r mhan11he aVCrae \iold 
- * obtained in aciebbo~ring vit!ics, WVhile this s!.11gests that y:ields 

Cart be increhised substantial, the ficthoIs cxplainiig tIs1 <icid Lap 
-are nt identliied inl tisstuidy. 

R ISTIIt IH II tLItzt 1 PItlNCttIt NN(T atsOClaINted with the moderll rice Varieties. -' 

met the growing demand for food from limited land reCsolrTces, chemical 
fertilizers are uISe:d increasingly to inpro C the productikity Ofilthe available 
crop land. 

Data from the village surveys were examined to determine the variation in 
yild and fertilizer use amona study areas, and the possible causes of tis 
viriabilit\. Then. the fertilizer response data obtained from experiment sita­
tilons near the study areas were examined to identify the potential yicd 
responsep o fe rtilizcr. Finrally, comparisons were made between thc yields It the 
eXpCriincnt station and the aveage yields achieved if( the ,,illaucs. 

VII.IAGF SURVEYS 

The averagc village yield corrclates positively with the amount of fertilizer 
input, A corrClation Coefficient of 0,86 wvs realized whlen those villages wlicrc 
,cvrc insect and disease damage occurred dur fig the survey year werC cx­
chided from the analysis (Fig. i). l)ata on yield and nitrogen input of mlodern 
varieties (MV) and' traditional varieties (TV) by village arc summarized in 
Appendix A. The correlation between the use of MV andnitrogen inpul was 
low (Fig. 2), In a n)iumber Of Villiages where 100% of the areai was phnted to 

SRandlpit Jinrker is Agtricl~uturail Ecunorit in the tDepartnrerit of Agtriertlhuit FEui unlics ,"
niernritionral Rice .Research Institute, stih~ ~gra hlpir~ 

Ii.IJ. afls a~il.. h~p il~. 
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Yield (t/h) 
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3. Relationship between a erage faril yield of rice and nitrogen appli ed per hectare, 36 Nilla e in Asia. 971/72 wet and dry seasons MV
modern varieties; LV -=local varieties. 

MV, the fertilizer input was very low, However, a high level of nitrogen input
(above 80 kg/ha) was associated with a high proportion of the land in MV. This 
suggests that in the areas planted to MV, the constraint on nitrogen input andyield has been lifted in some, but not in all, cases. Village average yields were 
calculated separately for MNIV and local varieties (LV). Most of the averageyields exceeding 4 t/ha were achieved with MV, using 90 kg nitrogen/ha (Fig
3). In many cases, however, the level of applied nitrogen and the yield \werc lowfor both MV and LV. Identification of the factors that restrict the level ofnitrogen input can help improve the yields of MV. 

The range in yield and fertilizer input was greater for MV than for LV of rice.The lowest yield and amount of applied fertilizer for MV occurred with the
poorly irrigated and rainfed villages (Sa Krachom in Thailand; and Mahipon,Maluao, and Cabpangi in the Philippines), The average yield of MV wast/ha, and no fertilizer was used in three of the four villages. 

1.3 

Among the remaining 32 villages (Tablc 1), the yield of the MV was lowestfor monoculture villages (those growing only rice in paddy fields) during thewet season and highest for the mixed-farming villages (wlhere crops other than
rice are included in the rotation) during the dry season.' 

For at more complcit definition oif mon iliurc arid mixed-farning villag", see ihe prcvious dwrpier. 
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Table 1. Average yield and nitrogen input for modern rice varieties in monoculture and mixed-farming
villages in selected areas of Asia, 1971/72. 

Villages (no.) YieldCt/ha) Applied N (kg/ha) 
" 'Monoculture 

Wet season 17 2.4(2-9)P 45Dry season 17 3.2 
 54 

Mixed farming 
Wet season 15 4.5 104Dryseason 
 10 5.1 112
 
aValue in parentheses was based on "normal" yields in 7villages. Tungro and gall midge caused serious 
crop damage during the survey year. 

Table 2. Yield and nitrogen input for modern varieties (MV) by nitrogen level and percentage of area in
MV, 32 villagesIn Asia, 1971/72. 

Village categorya 

Low nitrogen
 
LowMV 

HighMV 

High nitrogen
Low MV 

High MV 


Low nitrogen 
Low MV 

High MV 


High nitrogen
Low MV 
High MV 

Villages 
(no.) 

Area in MV 
(%) 

Yield 
It/ha) 

Nitrogen 
(kg/ha) 

Wet season 

4 
7 

38 
100 

2,8 
2.6

b 
23 
25 

8 
13 

25 
78 

3 .0 b 
4 ,3 b 

71 
118 

Dry season 

0 -
9 99 2.7 17 

4 36 5.0 105 
14 90 4.4 105 

aLow nitrogen less than 45 kg N/ha; high nitrogen = 45 kg N/ha and over; low MV= less than 50% of 
area planted, high MV = 50% or more of area planted. bSevere yield loss due to tungro or gall mdge in 
two or three villages, 

The low yields in the monoculture villages were caused by a severe crop loss
in 7 of the 17 villages due to tungro virus and to gall midge infestation during
the Survey year. Despite the apparently greater insect and disease hazard
during tlhe wet season, the level of nitrogen applied and the yield achieved for 
theMNIV in the wet season were similar to those in the dry season. 

Villages were grouped by season (wet arid dry) into four categories according
to the level of nitrogen input and .the amount of area in MV (Table 2).
Experiments at IRRI have shown that 60 kg nitrogen/ha can be profitably
applied to VlV even under wct-season conditions The application of less thaIn 
45 kg nitrogen/ha .was considered low ni rogen. Planting less than 50% of the 
rice are of as classifiedhV as low MV. 

International Rice Raseirch institute, Annual Report for 1972 (1913), pp. 48-50. 



mong lietheI I %illat, classied as la% ,ti Y, t",o in TIaila,,d and two 

in Pakistan werndclassified as low l. Poor water control in the wct season 

flooding and deep-water conditions, which are not appropriate for thecauses 
cultivation of MV in Thailand. In Pakistan, the low price for the MV of rice as 

compared with that for the local Basmati rice (an export comnmdity) limits the 

growing of MV. Fertilizer application in both of these Asian nations is low 

because of th1e high cost of the input. 
seven low nitrogen villages are located in southern Philip-The remaining 

pines (Lcvte, Cotabato, and Davao). The low level of fertilizer use contra.,,Ists 

sharply with the 100% adoption of MV and the wide use of insecticidcs in these 
villages. Whether the major constraint to nitrogen is of i physicaluse or a 

socioeconomic nature is not clear. The interest rates and input prices tended to 

be higher, rice prices lower, and irrigation less developed in the Southern 

Philippinesthan in Central Luzon. Philppies, where fertiizer is more wixdcl. 
used, 

Nitrogen input wa as low in tile dry season for tile Ii m, tijirgen villages as 
it was in the wet season excluding Pakistan, which has no dry-season rie crop. 

In Tnailand and in southern Philippines, however, favorable growing condi­
tions during the dry season allow almost 100% of tile area in the study villages 
to be planted to MV. No village had a low leve: of applied fertilizer combined 
with small areas planted to MV (Table 2). 

Among the high nitrogen users, less than 50% of the rice area was planted to 
MV in only 4 of 18 villages in the dry season and in 8 of 21 villages during the 
wet season. The lack of suitable MV in the wet season limited an increase in rice 
production in these 8 villages which were located in eastern India: Cntral 
Java. Indonesia; and Malaysia. 

. .The over ranges of nitrogen input (overall range: 0-150 kg/ha)yields were 
compared in villages growing both MV and LV (Table 3). TIlier varied mar­
kedly among the study areas. In Orissa, India. LV performed better than the 
M\ dt tall levels of applied nitrogen because of an infestation of gall midge to 
which tle MV were susceptible. in CentraiJava. Indonesia, the yields of MV 
and LV were similar. 

In all other locations, the yields of the MV were superior. The MV may have 
had the advantage of being grown under better conditions and with higher 
inputs i.e., insecticides, fertilizers. etc., and better managcnlent than Jhose of 
the LV, even on the same farmn For example, farmers frequently planted the 
MV in those farm areas with better soil and water conditions and tend ed to give 
,he new varicties extra care.. 

he data do not suggest that the yields of rice in villages where low levels ot 
fertilizer are used could be increased merely by applying more nitrogen. Eac1 
farm has a different response function, ndfino data are available tu estimate 

i 
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CHANGES IN RICE FARMING IN SELECTED AREAS OF ASIA 

TabIe3. Yields of modern varieties (MV) and local varieties (LV) for selected ranges Of 8pplied nitrogenIn 36 villagesIn Asia, 1971/72wet seasona 

Country and village Rice Yield (I/ha)0 1-30 31-60 61-90 91-120 
- t----ype kg N/ha kg N/ha kg N/ha kg N/ha kg -N/ha 

India Wet season 

Andhra PradeshPedapulleru. MV 
3.9 4.5Orissa 4.3 -LV 
3,0
Kandarpur 3.0, 31 -

Korpada 
 MV 1.0 1.1 1.3 17 
 -
Uttar Pradesh LV 21 .3 2Dhanpur.Vijaypur MV -

LV 
 49 ­
Tarna-Barain MV - - 3, . 1LV 
 - 3.6 ­ . . .
 

Mysore 
117 -. Gaianur.Hosahally. 

Ashoknagar 
 MV 5 ,4 -
LV 3.0 -


Tam il Nadu"
 
Kariyamangalam.
 
Palvarthuvenran.
 
Manmalai 
 MV L V-

. 55.0 4 .6 4 6 
Indonesia L 3.5 2.8 3.0 
Central Java

Nganiat-Kahuman.Plunng MV 
. 5.5 4.8 5.7West Java 5.8 

- 4.0 4.2 5.4 5.7Cidahu 
- MV 

Malaysia 
- - 3.1 3.0 -

Kelantan 
• r MV..i Salor-Meranti 3MV 
 _
 2.3 

LV - 2.1 -

"continued on oppositepage) 

individual farm functionis. However, aYield response to 
more realistic impression Of the farmtie us ilro p'.village l ,te ,-.I -u Acan, be• achieved. ,by estiminly Ihaing
tile functions for't he finth Ilgeusn the area in NIV, since the village is a relativel)'hmgeeuphysical unit .. e a0 i.r l t l h oe  .
Nitrogen response curves were derivd for 12 villages where there was aadequate range in level of fertilizer application (Appendix B,were classified into three grup . The villagesIaCCOrdIng to the range of nitrogen applied perhectare:lowvN, 0-60 kg/ha; moderate N,30 100 k/kg/ha (Table 4). In the wet season 

a; and high N, 50-I 90whlen 60 kg N/ wa and heyield'was~ averageIa higheyieldwvas 1,1t/ha Ihi,,herth.anwhe-n N/ha applied averawhngoeuedo ,,,.fertlizeras used. When 100 kg N/ha 

:/.%;
& :?' ::,: .::{Ij:z: ;9 !
. >U,;) :: /; # 
 .:c : 
 .;,1 :,­ '' 
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Table 3, contlnucd 

Country Rice 
type 

0 1-30 
kg N/ha 

Yield (t/ha) 

31-60 61 90 
kg N,' ;a kg N 'ha 

91-120 
kg N/ha 

121-15C 
kg N/ha 

Wet season 

Thailand 

Suphan Buri 
Rai Rot-Nong
Saria-Sa Krachom MV 

LV 

1.9 
1.0 

2.4 
1.9 

-.. 

- - -

-

-

Pakistan 

Punjiab
Aroop-Maraliwala MV 

LV 
2.7 
1.7 

2.8 
1.9 

2.7 
1.7 

-
- - -

India 
Andhra Pradush 

Pedapulteru 
.2 

Tamil NaduKa riya mnan g a lam . 

Palvarthuvenran 

MV 
LV 

MV 
LV 

-
-

-

Dry season 

-
-

.. 

5.2 
2.8 

-
-

3,9 
3.7 

4.8 
2.8 

4.3 
3.4 

5.1 
3,1 

-
- -

5.4 
3.3 

-

,I! 

Indonesia 

Central Java 
Nganjat-Kahuman.
Pluneng 

West Java
Cidahu 

Malaysia 

IV 

LV 

MV 

LV 

-

-

3.8 
2.5 

-
-

-

-

5,9 

5.9 

3.3 
2.7 

6.6 
5.8 

2.9 
2,8 

6.2 
6.5 

4.2 
3.1 

-
-

-
-

Kelantan 
SaloroMeranti MV 

LV 

aOnly villages where both MV 
nitrogen range. 

and LV 

-
-

are 

.1.2 2.1 2.8 -
0,9 1.9 2.9 -

found. A minimum of 5 obseivations/village for a given 

i 

Was applied, the average yield was only 0.7 t/ha higher than when 30 kg N/hawas used. The response function in the high nitrogen group was heterogeneous,
and no consistent pattern was discerned. .

For the dry season, the response curves of somc of the villages - Rai Rot
(Thailand) and Salor (Malaysia), in the low nitrogen group, and Kahunian 
(Indonesia) and -Xariyamangalam (India) in the high nitrogen group -comparatively steep. In Rai Rot and Salor, 60 kg N/ha increased the respe tIve
yields by 1.5 and 2.5 t/ha over those Vith no fertilizer In Kahuman andKariyamangalam, increasingthe nitr6gen from 50to 150kgN/ha increased theyield by 2.5 t/ha. 

Generally, the nitrogen yield response curves fo the individual villages 

" 
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J Table 4. Yield increase dua to applied nitrogen, calculated from a response curve fitted to farm data 

from selected villages inAsia, 1971/72, 

Wet season Dry season 
Response Villages Applied Kg grain/ Villages Applied Kg grainTj

(no.) N (kg/ha) k9 applied N (no.) N (kg/ha) kg applied N 

High 

Low 

High 

Low 


High 

Low 


were 

3 0-60 

2 0-60 

0 ­
3 30-70 

1 50-130 

3 50-130 


highly variable, but were 

Low N (0-60 kg/ha) 
25 2 0-60 35 
10 1 0-40Moderate N (30-100 kg/la) 

12 

- 0 ­
14 2 30-80 10

lyigh /V(5l-190 kg/Ila) 
16 2 50-150 25 
4 2 
 50-150' 
 9
 

not as steep as the response curve based onvillage average yields ShOwn earlier in Figure 1. The village average responsecurve represents more of a long-run response (discussed in the next chapter).Differences in environmental factors, physical resoti,-ces. management, and use of inputs may be responsible for the variability in individual averageresponse curves. Considerable variability in response among years was noted 
even under experimental conditions. 

The incremental efficiency (kilograms of rough rice per kilogram of appliednitrogen) was computed over the range of N (0 to 130 kg N/ha) for each of the12 study villages (Table 4). The unit gain in grain production per unitot 
nitrogen input was greater in the dry season than in the wet except for themoderate nitrogen group. The unit gain in the grain production per unit ofapplied nitrogen tended to be lower in the villages applying high nitrogen thanin those with low Ilitrogen. The results for tihe Iow1-response villages are 
consistcnlt with the rule of thumb in Asia - I kg N/ha produces 10 kg rough
rice. 

EXPERIMENTAL DATA 
\Wliile the results of experiments on yield response to fertilizer input conductedunder the controlled environment of an experiment station are relativelyaccurate, their value for extension recommendations is limited because theconditions under which rice is grown in an experimental plot and a farmer'sfield can var) markedly. Nevertheless, suchI experimental results indicate thevariation in yield rcsponse to fertilizer and the yield' potential, both amonglocations and between seasons, and aniong varieties grown in tile same season 

,at thle same locatios,. 
The re'sults of nitrogen-r-esponse experiments w~ere compiled from 12 exper­
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Table 5. Soil characteristics at the experiment stations near the study areas in selected countries of 
Asia. 

Organic Extract- Exchange-
Location Texture pH matter able P ab e K 

(%) (ppm) (meq/100 g) 

India 

Andhra Pradesh ,
 
Maruteru Agricultural Research
 

Station Clay 7.0-7.5 1.5 10.0 0,6
 
Utter Pradesh (Nainital.
 

Pantnaggr Research Station Sandy loam
 
., to silt
 

11-28 0.2-0.3
Uttar Pradesh (Varanasi) clay loam 75-8.3 2-4 

Uttar Pradesh Rice Research 
Exp. Staticn, Faizabad n.aA 7.0 0.85 12.5 0.15 

Orissa Sandy to 
Central Rice Research Institute clay loam 5.7-6.0 0.5-08 21-27 0 9-1,4 

Tamil Nadu 
Paddy Breeding Station 

Coimbatore Clay 7.7-8.2 1.5 2.2-6.7 0.8 
Mysore 

Mandya Research Station n.a. 6.0 0.88 11.4 0,21 

Indonesia 

West Java
 
Pusakanegara Experiment
 

Statior Clay 6,3 2.4 n a n a. 
East Java
 

Modjosori Experiment Station Loam 6.6 1.2 n'a na. 

Thailand 

Suphan Buri 
Suphan Buri Experiment Station Light 

clay 5,3 2.0 7 0.3 

Philippines 

Central Luzon 
Maligaya Rice Research 

and Training Center Clay 6.9 1,5 8 0,5 
Visayas 

Visayas Rice Experiment Station Clay 7.0 3.3 10 0.9 

an a. = not available. 

iment stations which werescelected because of their proximity to the study areas 
(Appendix D). The characteristics of the soil ai each of these stations arc 
sImmnarized in Table 5. 

Nitrogen response fu nctions were estimated for selected varieties (Appendix
E, F). Maximum yield and nitrogen at maximum yield were estiiated for 
selectedvarieties in the wet season (Table 6) and the dry season (Table 7). 
Because information on the nitrogen response for LV was scarce in most 
locations, the performance of the new varieties could not be compared with 
that ofpepular LV. 

The yield maximum for the majority ofcases (23of3 observations for MV) 
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Table 6. Maximum yield and rvitrogen input at maximum yield for selected varieties of rice at experi.ment stations in ';er.tect areas of Asia, 1967/75 wet season. 

Nitrogen at6 

1 a1sjirniinj Max mnumr 
y'ield' vol d 
(tha ikg/ha) 

Maruterur Agriiciltrfal

PRSearch St.alin, A. PrI',!',h 

lF/Java 19f7/;8,1970, 72
Mah;ur 4.1 1191971'75 3.8 0 
Pantriagar Peeearh 

IRB/Jaya 1,6J;8,197173'/Jctrr I;.Stlnr PIrar,,h iR20 5.71971/72 5.7 47 
Uttar Pram,,h Pie' 

165S5.6 

P8/Jay, 1967,70Resarlicho txpVrplri 5.3r 206PatnaSta t ion - iiii l)j ) 1971/73 1.1 831 1 
Certral RiceRw earf h IR8/Jaya 1j67/69,197 1/72 4,6Institute, Ori',ra 143 
Tarnil Nado Paddy IRa/JayaBroemInb Station 1967,73 6.2R20 2271971Coimnbator. 

CO- 3 2c 
72 5.3 1801967/69

Mandya [xeiM'rirrsnt 5.2 126IR8/JayaSt t r , M ysrrre5 1967,69,1971,73 5.7 202.2 0 

In donesiaPusal :inegara Experiment 
P85iOR5) 1969,71Station, West Java 6.0 140Mojosari Experiment 
PB5 (IR) 1970Station, East Java 4.4 0 

Muda Project Area, Kedah Ma/ pasia
Bahagia (IR5) 1958/71 (Class IVSoil) 3.1 114 

Thai/annSuphan Buri Expenrient RD1 19/174 

Station, Don Ched, 196900, 1974 4.0 98 

M alicaya Rice Rcearch IR S 1968/75 3.8 52
 
and Training Cent,r , IR20 1968/75 4.8 91
 
Central .uzor 
 Peta 1968 i75 

0Visayas Rire Experlnait 
3.0 

Iq8 1968/75Station, Vic;,,,y 4.4P20 1151968t75 5.6 87 
Po~j 1968 75 3.8 87Av'raqte Mi,. 1r variut,(. 4.9 

tec'riseof t:° chic0 nrlarihtir thii 'ha"t 'ts I . . ,d a ona ar a 
(a~~o l, I Ja niaxicoid aDta used forIn)t1967ir ' Fli-- "f. ... t at -i . sri fla.sal!ogJr~si: are Y rr.t....n ...... I~inhtA ( .....n nji eariety'jie/ , tei .. .. eul)onse functio' of this fore:
 

WFerom V
?,r the hrt h i' Itil, Iii' en ret , decleS kilograms of nitrogen per hectare.
From the er~tZZiniII~tr radii ''olr 
 it thiin f.rl~r1 ii, eo iretl Ca(i'ule the following: 

Mae iil iA , 

CA local inr)vel vae sty eeveloireel before the iritrOCloction of modernj varieties, 
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Table 7. Maximum yield and nitrogen Input at maximum yield for selected varieties of rice at experi.
ment station in selected areas of Asia, 1267/05 dry season.
s 

Location Varietya Nitrogen atPeriod Maximum maximum 
- yieldb yie!db. , 
 tl'ha) (kgha) " 

India 
Maruteru Agricultural IRB/Jaya 1068/70,1972/73 5.8 163Research Station, A. Pradesh Ratna 1971/74 5.3 192 

Central Rice Research IR8/Jaya 1968/69,1971 8.5 208Institute, Orissa Ratna 1971/72 5,6 179 
Tamil Nadu Paddy IRS/Jaya 1967/69,1972/73 6.8 285Breeding Station, ADT-27c 1967/68 3.8 100

Coimbatore 

Indonesia 
Pusakanegara Experiment PBS (IR5) 1971, 1973 4.7 0
 

St3tion, West Java
 
Mojosari Experiment P85 (IR5) 1971. 1973 7.2 378
 

Station, East Java 

Malaysia
Muda Project Area, Bahagia (IR5) 1969/70 (Class I- 3.9 105
Kedah 
 IV Soils) 

Thailand 
Suphan Burl Experiment RD1 1970/71,1974 5.6 119
 

Station, Don Chedi 

Phlippines
Maligaya Rice Research IR8 1968/75 
 6.4 143and Training Center, IR20 1970/75 
 5.6 151Central Luzon Pete 1968f75 
 4,3 59
 
Visayas Rice Experiment 
 IR8 1970/75 5.2 151Station, Visayas tR20 1970/75 4,6 46 

Peta 1970/75 0.9 295Average Modern varieties 5.7 
5Because of the close similarity in their basic characteristics, IR8 and Jaya areconsideted as one variety.
Data used for 1967/68 are for IRS; data for 1969/73 are for Jaya. bThe maximum yield (Y)aind nitrogen
input -- at maximum yield calculated from the fetilizer response function of this form-

Where Y denotes tons of rice per hectare and N denotes kilograms of nitrogen per hectare.
From the estimated coefficients of this function, we can calculate the following:
 

b-
Maximum N 
2b, 

a- --' Maximum Y 4b 

A local improved variety developed before the introduction of modern varieties. 

ranged from 4.5 to 6.5 t/ha; at this maximum, the applied nitrogen rangedbetween- 90 and 180 kg/ha. Maximum yields, on the average, were only about0.5 t/ha higher in the dry than in the wet season, The maximum yields for threeLV (Peta, Mahsuri, and ADT 27) ranged from 3.2 to 4.7 t/ha. These maxima j
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werc achieved for Peta a d M h ui wt
enitrogen, Icvodever t and Mahsuri with no or very low levels of applieditrogc . However, te v rity ADT 27 showed good response to app idx ,
1R8 was the 

Datafor 
most widely grown variety at the various experimental sites,R8 and Jaya in lndia were combined since the responses ofthcse tworice varieties were almost identical. The average of maximum yields for IRS infour monoCUlture rice locations (Maruteru and Central Rice Research Institutein eastern India, Maligava and Visayas in the Philippines) was 4.2 t/ha in thewet season and 6.6 t/ha in the dry season. In the wet' season, the average Of,"Maximum yields for four mixed-farming sites (Pantnagar, Faizabad, Coimba­tore, and Mandy-, all in India) was 6.2 t/ha. At these four sites the level of solarenergyand tie 'jcd potential during the wet season are about the same as forthe dry.

The difference in nilrogen response by location is due in part to the differ­
:" enceS in Soils. Maximum Yields almost identical for ricewere 

aricty 1R20and tw0in tlcationsgrown in the wet season intwo locations in Indiain.Indi (Pantnagaar and Co~b toibatore)rand two in thle Philippines (Visayas and Maligaya) (Fig. 4), but the nitrogenrequired to achieve maximum yield was about 90 kg/ha in the Philippines and1.0 kg/ha in India. The soils il tie Philippines are relatively young comparedwill those in India. 

Yield (/ho) 

.Coirnbore 

4 
VRES 

,Philippines 

/0~~"P -1 

00 30 60 90 120 150 180 

Nitrogen t kg/ho) 
4. Yield res.poiscofIR20tonitrogeninIndia, 

197172, and in\ isayRice E, perincI sStation (VRES) and Maligaya Rice Researchr g .i.inCenter (NIR RTC and , hi ipp cs, ,196 8/75 wel season. 
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If 

1R8,dry (Coimbaoc)~ ~1R8,w ,f(Co~ntbore) ,' 

S RD I, ( Bur'pan 

... 5. Y ield response 10 nlitrogen by irietV Co~llbatore, Ind,. 
1 9 6 7/ 73wet season and 1967/69. 1972/73 dry season; in Suphlan[urI.Thailand, 1969170 wet seamnn and 1970/71. 1974 dry season. 

%Vet and dry season functions were compared for two locations (SuphanBuri, Thailand, and Coimbatore, India) using the same rice variety in each 
season al each location (Fig. 5). The dry season yields exceeded those of thewet season at Suphan Buri throughout the range of the functions Such findings
were fairly typical of the monoculture rice locations and related to theare 
higher incidence of solar energy and, generally, lower damage due to Weather,
disease, and insect attack. Under farm conditions, the contrast between dryand
wet season response may not be as pronounced, partictilarly if the dry season
irrigation is not adequate. At the experiment station at Coimbatore, India, the 
response functions for the wet and dry seasons were similar, reflecting the more 
favorable growing conditions during the wet season in this much drier mixed­
farming location. 

Two MV of rice which are grown at the same location may respond differ­
ently to applied nitrogen (Fig. 6). At Maligaya, Philippines, IR20 performed
better than 1R8 during the wet season, but 1R8 Was Superior during the dryseason. :R20 was more resistant to the major rice insects and diseases. F-low­
ever, 1R8 showed a higher yield potential in the dry season when insectsand 
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nt ain frNter,e nr were anwts.Teqetoasto whether tile performance of NIV is inferior, equal,supeI)C-or; to .that of'tile local I-ices or 
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Gj). Generally, however, fertilizer response experiments 
are con-With all Other factors maintained at high levels. A reduction in the level
Of inpu"tS and other maa,,gemen 
 practices might introduce factors that favorthe use ofcrtain local rices over thereleased by V. Mahsuri, an improved L/ originalltheRice Department of Malaysia, has become popular in AndhraPradesh and other parts of India as well, as in Malaysia, Bangladesh, and
Burma. Itperformed better than IRS at low levels of applied fertilizer at the
aruteru Agricultural Research Station (Fig. 7). Mahsuri has good seedlingVigor and tillers well under the extreely poor- drainage conditions found inMuch of eastern India. Rice breederscombine are workinghigh productivit,. to develop rices that,i,it characteristics that enable then to performw%'ell under poor enVirO"n' eut and low management.
Finally, tlhe yields Of thesame variety (IRS/Jaya) vary aong years (Fig,. 8),
The' v:.7iheviT1 eld \,a :,'.a g:'-:();.:.::riati n of IRS is gr eat er a...
_ t . .. St.a.tiongth ang 
rea ter .at 'alga3a tato :~nat coimbatoreC. :: :. :: y.. -a-.r'
 

v ' ,' 
 -



YIFLD AND iERTILIZFER INPUT 49 

Yield (t/ha) 
6 

R8 

.... ,--- --­

2 

0
0 30 60 90 120 

~~~~Nifto -e( /h) . .. 

7. Yield rc ,1ptnsIR lo nitroven. 19()7!, a 1
( 

Mahuri. Maruteru, Andlll Prdd-l, India, 1971117.. 

150 I80 

,70/7a d o,,7o!2 
! ....n 

. L 

7 
C' oi.WJGel/o 

6 " 7 

1971 

' ] Cenro/tuon.....--" 

1969 . 

l968: 

: 

IIl 
~, 972 970 

'"072973~~019e669 

2 1971 

*,. - . 

40 80 120 1600 40 80 
Nitrogen (kq/ha) 

8. Yie ld remponrse I flit rogg.*n Of IR8 (or Jnyj) in Iwo Jaci, 
Nadu addy Breeding Station, Coimlrbtore, India. and Maa 
Re.*arch;Ind Training Ccnter, Central Lw/on. Phlpies 

120 160 

I i 

Rice 
I968/73 .. 



50 ChIANG. SIN RIC" FARMING INSEL- . -A:1)ARE AS Of: ASIA 

Station during tile wet season. The uncertainty of response reflected in the
Maligaya data is typical of most ofthe rice-growing areas of Asia and uindoub­
tedly affects a farmer's decision on the level of fertilizer input.
 

ITIE GAP BETWIEEN EXPERIMENT STATION 
AND FARM YIELDS 

To examine the gap between experiment station data and village surveys, the
 
average yield and nitrogen input for MV obtained from the village surveys at
each site were compared with the "optimum'" yield and nitrogen input at the
nearest experiment station (Table 8). Optimum yield refers to the yield
achieved with a nitrogen input that gives a2to I return above cost at prevailing

local paddy and nitrogen fertilizer prices.


A yicld gap of 2t/ha or higher at the experiment stations was associated with a
 
large difference in the level of applied nitrogen. In anumber of cases, however,
the yield gap was less than 2 t/ha, and farmers used more fertilizer than was
used at the experiment station. Apparently, the experiment station used fer­tilizer more efficiently. achieving a higher yield gain per kilogram of applied

nitrogen.


To ascertain whether the fertilizer response function at the experiment

station differs from that at 
 the farmer's field because of differences in the
environment in management and in the level of inputs other than fertilizer, a
series of experiments using IR20 was conducted in 12 farmers' fields in the
 same Gapan (Philippines) study area ayear after the surveys. A comparison ofthese results With those from experiments conducted in the same ye'ar(1973/74) at the Maligaya Rice Research and Training Center (Fig. 9, Appen­
dix 1-1)suggests a complementary relationship between nitrogen and the other
inputs such 
as water, weed, and insect control. Management of these factors wias generally at a higher level at the experiment station, accounting for thehigher response to tiirogen input.. 

When tile most favorable price ratio of nitrogen to rough rice prevailing inGapan was used to calculate the optimum yield of nitrogen inpu t (Table 9), the
optilum level of nitrogen was found to be similar for both farmers' fields and 
experiment station.

\Vhen thle esliltes were calclated using tile least favorable ratio prevailing
in Suphan 3uri, Thailand, the optimum nitrogen level under farm conditions was considerably lower because of the difference in the slope of the farm response functions. However, the change in the price ratios did not have a 
major effect Oil optillmum yield levels.

Yields at Opltinlum itrogen (Table 9) and also at no applied nitrogen
(Appendix I-1)in farmers' fields in Gapan were about half those of the experi­
nielit station, The efficiency of fertilizer tse measured in kg N/kg paddy rice Isalso half as great. - . ...

The reasons for the ylield gap cannot beascertainedfromil this aalsis.A ... .... . 
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TableS. 
 Economic optimum yield and nitrogen input at nearest experiment station and village average
yield and nitrogen Input for modern rice varieties; by season, in selected areas 
of Asia, 1967/75.
 

Village location and Nearest experiment
stationa Village average

Season Difference 
Yield 
 N Yieldftha) (k/ha) ftha) 

N Yield Nitrogen
(kg/ha)India	 Wtha) (kg/hal 

Nainital, U. Pradesh
 
Wet 38 4,5 69 1 -31


5.7 

Varanasi, U. Pradesh -3 .

Wet 3.9 58 3.6 110 0,3 -52
 

Cuttack, Orissa 0 -52

Wet 
 8.3 99 3.0Dry .	 

53 5.34 182 3.9 95 4.5 46 

We st G oda v a ri, A , Prad esh BA.. .. . . .. 8 7
 
Wet 
 3.8 4.1Dry 	

0 70 -0.3 -705.7 133 5A 127 0.3Shimoga, Mysore 6 
Wet 5.6 158 5,3 145 0.3 13 

N. 	Arcot, Tam il Nadu
 
Wet 
 5. 132 4.8 132 .0.3Dry 	 04,0 102 5.0indJonesia 106 -1.0 -4 

West Java 

Wet 5.8 88 3.2 96 2.6 -8 
... .
: : :Malaysia 

Kelantan Ma/".-.. 
Wet 3.2Dry 	 55 2.3 503,7 	 0.9 552 2.3 53 1.4 -1 

haiand ' 

Suphan Buri 
Wet 3.7 56 2.8Dry 	 13 0.95.3 	 4382 2.8 12 2.5 70 

N ueva Ecija 	 Ph il iop"es
Wet2 
Wey 3.8 2.8 
y 	

41 71 1.0 -305.5 131 2.6 82 2.9 

Wet 4,3 
__e 	 89 2,7 ___ 	 3 .4,_.... 	 .41 2. 5 28.Pri gperiment stations are 2.1 13
 

prices Optimu yeldnand nitrogenare based.on.prev..ling
in each area (see Appendices E and F). The ni ttro I n10 ve a 2 return for d ed fertilizer expa .d p i2o-tn-inpeturndforraedeoendngturelatatheestimate 

number Of factors could be responsible includindifrceiland in crop ianagemet. The level 	 lionitfincv w diffherfor.... n irntfor
the wet season. The I*CS:ts obei f n cwrientsill fae rs iwere 

obtaned frc~iinfarmpcrn~en e rs'fied% w w 
.,. 
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Grain yield (1/ho) 
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9. Rcsponse to Milrogen of IR20 under experiment slation (MaL igaya
Rice Research 
and Training Center) and farmers' field conditions,Nueva Ecija, Philippines, 1973/74 wet and dry seasons. 

Table 9. Comparison of the optimum yield of rice IR20 and nitrogen Input for farmers'fields and experiment stations, using prices for Gapan, Philippines, and for Suphan Burl,
Thailand, 
19 7 3 / 7 4 a 

Site, season Yield (t/ha) Nitrogen (kg/ha) Kg grain/kg N 

Price for Gapan, Philippines 
Farmers' fieldsb 

Wet season 2.1 82 5.8Dry season 3.1 154 9.4 
Experiment stationC 

Wet season 4. 74Dry season 14,36.4 . 173 20.8 
* *Price for Suphan Buri, Thailand 

Farmers' fields 

Dry season 1.9 34 8.2Dr season 2.9 106 
Experiment station 

11.8 

Wet season
I 4.3 60Dry season 16.76.3 151 23.2 

On kgN In 1973/74 cOst 1.7 kg paddy In Gapar and 6.5 kg paddy nSuphan Buh n nGapan, Nueva Ecija. Philippines. C Maligaya Rice Research and Training Center, Muhoz,Nueva Ecija, Philippines. 
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consistent with the level of efficiency for lo-response villages reported previ­ously (Table 4). ,, 

CONCLUSIONS 
There is a high positive correlation betweenrthe village average viCllevel of applied nitrogen, Villages with and thea high level of applied nitrogen had ahigh percentage (f area in modern varieties (MV). Some villages ith ow 
nitrogen input, such as those in southern Philippines (Mindanao), had a highpercentage of areas in MV . In other low-nitrogen villagesiSICh as those ineastern India. (Orissa and Andhra Pradesh), MV were generally not planted Inlthe .et season. The factors affecting the level of fertilizer use are discussed indetail in the next chapter.

At a given level of fertilizer input, MV con'stetl gv e higher yilds thanIV in all but one village. The data do not suggest, however, that village averageyield could bP increased by applying moc fertilizer toMV. The individualvillage response curves are highly variable, The eflficieny of fertilizer use,measured in kilograms of paddy per kilogram (J"iapplied nitrogen, is higher inthe dry than in the wet season.
The yield potential of MV at the 12 experimt stations near theC survvillages ranged from 4.5 to 6.5 t/ha. The maximum yield in the wet scason in th"monoculture rice areas tendedJ to be about 4.5 I/ha. Maximumn yields in the dryifseason in the mixed-frming areas approached 6.5 t/ha. The yield maximum ofthe LV ranged from 3.2 to 4.7 t/ha.
Experimentalyield respome to nitrogen differed with variety, location,season, and from Near to year. Year-to-year variation in yield response wasI articuJlarly great in the monoculture rice villages during the wet season.The )ptimum economic yields at the experiment station were consistentlyhigher than average yields in the related village and frequently exceeded villageyields by 2 tha. WVhile this suggests that ther, is considerable potential for­increasing yields with existing technology, the factors explaining this yield gapcould not be identified in this study. Both environmental and managent,


factors could be important.

Future research should attempt to identify those constraints to higher farm
yield that can be corrected or overcome by eithcr farmerorgrouip action. or by
change in government policies.
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,V,rse~a son Dry season 

Location 

Ri.e 

area 
ha)1 

. r,rr 

area 
i V 

YeId 

---.--
MV 

(iha) 

---.--..-. 

Other, 

Nitrogern ikgha) 

MV Others 

rice 

area 
in MV 

Yield 

MV 

t ha) 

Others 

Nitrogen (kg/ha) 

MV Others 

i fO:lt/t v;'Naoes 

India 

Kandarpur, Orissa 

Karpada. Orissa 

Pedaputleru, A Pradesh 

0.6 

0.6 

44 

15 

15 

9 

2.5(30) 

1 2(3 0) 

41 

2.5 

2.2 

31 

61 

45 
70 

44 

34 
38 

97 

89 
44 

3.6 

4.2 
5.4 

2.9 

2.9 
2.4 

97 

94j 
127 

52 

65 
63 

indonesia > 

Ngarjat, C. Java 
Cidair. W. Java 

Ma/aysia 

0.5 

0.5 
39 

50 
3.6 

2.3(3.2) 
3.9 

3.0 
89 

96 
72 

85 

63 

45 
5.9 

3.9 
5.3 

3.0 
91 

96 
57 

86 

Saior, Kehartan 
Mi,:ranrr. Ke2!antan 

0.8 
0.9 

22 
32 

2.4 
22 

2.5 
2.1 

53 
48 

55 
46 

89 
67 

2.4 
2.1 

2.0 
1.8 

56 
50 

48 
46 

Th.aIanf 

Fla, Rt. Suphan Bur 

_rn,ra ,. StirhariBuri 

5.3 

6.0 

54 

41 

21 

4 

3.2 

2.4 

1.8 

2.4 

1.6 

1.1 

16 

9 

1 

4 

5 

0 

96 

96 

-

3.1 

2.4 

-

-

-

-

16 

8 

-
-

"" 

Srm Nirv,:. ,.ieva Fi:,a 2.5 
Markrr ha.N,:',a Lc:ja 3.1 

';ahfo,rv,1.ava E,:i:i 38 
Marcas L,.i' 0.i 
T:!h-arm, Li.yhr. 0.7 
Cnpa.i,y!,- 0 8 
Smzrnavan, Dao 2.1 
Bult aor,", ( itat 1 8 
Bernie r'iuw,)aCataaatetol 9 

100 

95 
75 

100 

100 
97 

100 
100 
1CC, 

1.7(3.5) 
0.5(2.1) 
0.6(1.9) 

3.5 
1.3(1 9) 
2 012 6) 
2.6 
2.9 
3.3 

--

-

1.1 
-

--

-

.-

91 

52 
29 

28 
41 
23 
26 
10 
37 

-
-. 
17 

-
-
-
--

-

100 
98 

-. 

100 
100 
100 
100 
100 

100 

3.4 
1.7 
-

3.1 
1.9 
2.6 
2.3 
3.4 
2.7 

-
-
-

-

-
-
-
-
-

101 
64 

-

27 
32 
24 
16 
5 

16 

-

-
-

-
-
-
-
-

-

Lr, 

-2 
-3 

A -

17 
9 

99 

61 
27 

2 3(28i 

2.4(2.9 
2.;(3.0) 

2.3 

2.6 

'13 

47 
54 

36 

43 

87 

87 
71 

3.2 

3.9 

2.9 

2.9 

54 

87 

60 

60 
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A' ° '~ I Pr" 1ICEfil It l i joltu h1ail a i N,d "a11 l h. L lN jnxII t I ill n-
SA i~,. 1967 75 ,cl sio,n.:, 

LmMOXjimm
t

y N 
INDIA
Mar.teeru Agricultural ,qescact,Statio, Andtu'a Predsh: 

IR8iJoya 
1'972269 17,33N 0079N 32191968 	 110 

5001," 19-945N 0.038N­1970 

1971 	 2292 8.37N 0.043N-' 2699 97
2285 1205N 0.046N' 
 3074 
 !31
AY.1967-6 197-7 2 40172 22 76N 	 0.128N" 5025 89Mahui	 S196103172 ,15,99N 0 067N 4126 
"1971 


-1972 4832 1.71N 0046N- 4832
 
. 41211974 	 4973 8.34N 0.061NT 4121 01974 3348 189N 0.015N 3108 


1975 3378 . 20.13N 0,046N-' --
63
 

;3587 26,59N 0 343N
Av. 1971-75 	 4102 39 y 3853 0 336N 0 084N, 3853 0
 
Panrn g r Reseircl, Station, Western Uttar Pradesh 

1967 .5910171 !5.91N-1- 0.042N2"1967, 	 4629 , 48.24N 0,15N' 7417 1890,1 8,1 15941211121
1972 24,72N -0 0I()1N 1165 34 . 
01 64N 

. ., " : 5261 45,87N 0- " 84168 i1401973 
--353 
 25 33N --0m102 532612 

Av 1967-68, 1971-73 y -4733 32.00N - 0.112N2 
143) 7019 


IR20
1971 Y 2772 25 72N 0.097N; 44771971 	 133
4076 - 27.23N -- 0064NAv. 197'-72 	 -

Y 3424 2647N- 0080N 1655614 

IR8/Jaya S, Ri'xpe, entSrtiun Eastwn Utt. r Pradeshl 

1967 y 	 2757 1884N,. 0,020N? -1968 . 3309 29.43N , 0.070NV1911970 	 1282 31 66N - 0094N , 3948 1682158 35.34N 0.09bN2 
. 541011 -2376 	 18428.82N 
 0.070N"
 

1972
1971 
 Y 3172 + 34.52N - 0.154N 1125111

193 = 2764 38 61N 0145N' 7 

5334 
1 
133


2566 -c2561 9.9.69N0.200N;AV1971-73 	 2683 24" V 2834 27.61N 0,166N , 1148 83 
1 8

R /J aya CentralRice Research Institute, Orissa" " 
1967 

- 3561 21.72N 0.056N1968 5667 

3738 16.74N 0,075N 

94
 
4672
19169 	 11?


2644 35 73N1971 	 - 0,115N, 5419 155
1972 	 1735 15.92N 0064N 2725 1244137 8.28N 0,034N, 4641 122

Av I967-69 19 7172 3.3163 19,68N , 	 1430.069N 2 4566 

(continUed 0t next p, e) 
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Maximurnh 

Y N 
Tamil Nadu Paddy Breeding Station, Coimbatore­

IRS/Jaya
1967 Y 	 2312 + 29,12N-1969 	 0057N2 

2849 + 26.20N - 0.049N2 
­1969-	 ­

4049 + 19,25N - 0,038N 2 ­1970 	 ­4321 + 21.99N 0.055N 2 6519
1971 	 200
 
1972 	 4576 + 18.57N - 0,045N2 ­

3971 + 15.79N - 0.040N 2 

5529
1973 	 197
3486 + 28.16N - 0.065N 2 


-Av. 167-73 
 3652 4- 22.72N-- 0 050N 2 

-

IR20 
197119 7 2 " V 	 3804 4 19.25N- 0.041N 

2 
-


Av. 1971-72 	 2769 + 24.69N -- 0.081N 2 
4650 152
'3287 -21.97N - 0.061N2 5265 180


C032
1967 

1968 V 	 2299 - 35.57N - 0,129N' 4751
1969 	 138
 

1909 	 3382 + 32.12N - 0.134N2 
5307 

1 8
 
= 325+ 27.11N - 0.1 13N 2 565012 120
 

Av. 1967-69 4024 + 31.IN 0 125N 2 

120
 

325-31,60N - 0125N2 5232 126
Mandya Experiment otation, Mysore 
1R8/Jaya


1967 Y 1055 i, 10.63N - 0.011N, ­1968 	 ­
3200 + 29.84N - 0.105N 2 

5320
1969 	 142

3833 + 21.15N - 0.055N 2 192
5866
1971 


1972 	 3670 + 47.87N - 0.141N z 
7733 170
3224 + 21.51N- 0.015N2 


19733193 + 29,46N ­
- 0.069N2 

Av. 1967-69, 1971-,3 	 -
V 3029 	

­

, 26.74N - 0.066N,-

INDONESIA 
Pusakanegara Experiment Station West Java 

PB5 
1970 

' 	 4560 16.25N - 0059N21971 5679 138

4507 + 24.53N - 0.088N2 6216
Av. 1970-71 	 139
 

- 4534 + 20.39N - 0,073N 2 
5958 140
 

" Modjos.ri Experiment Station, East Java 
PBS
 
1970 
 2
V 4351 + 10,51N + 0.022N
 4351 
 0
 

MALAYSIA 
Muda Project in Kedah, West Malaysia

Bahagia (IR5I 

Av. 1968-71

Class I (soil) V 3402 4- 16.74N - 0.054N- 4699 
 155
Class If 2638 + 11.26N - 0026N2 
Class 11
Class IV 	 -2362 + 9,32N - 0.034N2 

3001
Av. Class I - IV " 2425- 11.37N -- 0.050N22 3071 137

2707 + 1217N -0.041N	 114
3610 148
 

r Note: Muda Project covers the period 1968-71 only. 

(continued on opposite page) 
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THAILAND 
Suphan Brn £ ,,nefintStation, Don C/ne di 

RD-

I"9 

2075 -37,84N 0 103N'1970 5550 
- 3503 23.32N 0.099W 1876197 118

19464 3042N- 0256N 2852An. 1969-70, 1974 .V 59=2509 30,77N 0.157 4017 98 
PHILIPPINES 

Mahzgaya Rice ReC. r(:h & T1,in C0nenter,Cen'ral LuzonIR8 ..
 
1968 

1960 

Y 3542 2340N . 0067N 5586 176
 
1971 

.- 5056 - 15.04N 0,055NW 5159 1,
4361 + 21,40N 0,178W 
 5004
1972 60
2348 - 16,78N 01114N2 

29651973 7,3424 0,15N .1043N 3241974 2
 
1975 3357 26OON - 0.175N-' 4323 74
2421 10.86N - 0084W 
 2772 65 

Av. 1968- L 2889 16,07N .. 0,039N2-
IR20A 650 3425 4 16.17N 0.156N2 

3844 52
 
1968 


40361970 1 33.08N' 0,137N 60321602121
i969 
., 4458 +30.49N 0.138N21971 . 6142 1104316 + 36.52N -0,227N 45081972 80

3196 30.91N 0.182W
1972 508 85
-1 3424 - 26.95N 0177N20. 44201973 75 
3357 + 2690N - 0 167N1975 4440 

2125 + 32.18N - 0209W 3364 

81 
Av:196-?5 77
2628 21,34N - 0.072N' 4209 
 1148 

A 68.2442 s 29.75N 0.164N 2 
 4791
 
1968 . - 4010 115.48N 0.070N 48661969 I11


4091 19.93N + 0,073N2 4091
1970 0 
2951 
.-18,54N - 0.038N;1971 -­
3029 10.84N 0.031N 3029972 . 314- 5.36N * 0.001N 31411974 0
1843 1486N 0.079N 18431975 01650- 5,74N +0,0201421975687 1650 ) 

1 2887 - 2.81N - 0,024N' 28872950- 7.12N- 0.001N 0 
2950 0 

Visayas Rice Experiment Station, visayas 

196818 V 2950 t 34.58N 0,076W1969 ­

1970 
4032 - 1799N 0,108N2 4781 
 83
='2192- 0 86N 0.191N2 2192 0
 

1972 
 3908

1973 

3 8,37N - 0,081N 4124 52
3079 32,65N 0.161 N? 
 4734 101
 
1974 
 3468- 1.92N . 0.050NZ 3468 01975 
 ...2968 + 23,18N 0.085N 4548 136Ay, 1968-75 A 3478 + 40.87N - 0228N . 53103259 19,38N 0.084N2 4377 90 

15 

(continued on next page. . 
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-m !riF' continued 

Maximumbt 

YNIR20 
1968 V 3170 + 25.75N - 0.025N 2 3833 52 
19693832 
1970 	 4989-±55.13N- 0.285N 2 7655 97 
19711972 	 3103 + 7200N - 0.492N 2 5737 731972 	 4039.+ 31.01N -0 180N 2 

53743563 + 30.66N - 0,127N 2 
5413 851973 	 1212.3543 4 43.10N -0,167N 63241974 	 129

2848 4 53.59N 0,297N 2 
52651975 	 90 

= 3278 1: 51.45N -0.306N 2 
Av, 1968-75 	 5441 84V 3567 4 47.68N .- 0,274N2 

5641 87
 
Peta1968 . ­1969 " : ­ y 2598 + 19.53N t 0.023N2 2598199 	 0

-4439 14.36N 4-0,033N2 -. -1970 
= 3433 - 12.16N t 0.016N2 

­1971 	 ­- 4756 - 8,07N 0.011N 4756 01972 
1973 = 	 3634 f 21,83N - 0.113N2 

4688 964564 + 3,97N - 0,036N 2 4629 43
1975 	 2881 4- 6,59N- 0.085N' 3009 

3225 + - 0 157N 2 
3622 

39=197 15.80NAv, 196875 	 50-3691 - 4,029N - 0041N2 3790 49 

'Th3 maximum yield JY) and nitrogen input (N) at maximum yield are calculated from the fertilizer.response function of this form:h 
Y = a + bN +b N2 

Where Y denotes kilograms of rice per hectare and N denotes kilograms of nitrogen per hectare.
bFrom the estimated coefficients of this functions, we can calculate the following: 

bMaximum N 
2b 2 

= - -. 

A dash (-) 4bz 
Maxim um Y 

indicates that the calculated maximum N level exceeds 200 kg/ha,. 
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INDIA 
 ...................
 

M Aruter!qr~a/R es'a tc anAthr j Padesh 
IRSJaya 

1970 .+1969 + 14-1;, 17 -,0 I05N 7 437,88N4733N 0 122N 6714 -- 5155
 
N
1972 

- 383 28-18N 0 099 ' 5i 121273 

RAv6n7a 17 

2110 * 34.59N 0098N:;v, 'P69-70,197273 5162 . 3018 38,14N - 0,48NzV , 2785 5475 12937 22N - O+114N' 58231971 163 

1972 

- 2497 25.15N 0.020N2 


22446 30.7ON
19717. 1032925 - o105N 4690 146 
3878 2049N 0054N.,Av, 23.34N 008N 4869977 58 19014 

- 2936 ,r24,92N 0.065N 5 324 

1 6819681 

3013 +-50.12N 
 0 094N z 

9 -- ,79Y 17 
3410 48.46N 0 132N 8215Av3 1968-6, 197; 
3767 47 56N -- 0 126N 789818 184 " 

1397 48.7N 0,117N 78 189Ratna 

-- ,


1972 
3168AV, 1971-72 26.85N 0,053N -

3748 21.79N - 0083N -*,9773458, 
24.32N 5174 1310068N,
. 5632 
 179
Tei.;i] Nadu Paddy Breedrng Station, Coairnbatore 53 
 7
 

IR8/Jaya 

1967
 
1968 ' ' 2771 24,25N 0.036N' _
 
1969 2711 25 36N 00029N? -,
 
1973
1972 3776 + 13.71N - 0.040N2 4104 21.48N - 0017N 4951 171
 

Av 1967-697 1M2-73 2
4627 26,32N 0072N
 7032 
 183
 
N 0039N,ADT ,27
1967 

* 1 4 2120N 0.065N2
1969 3693 163
* 3093 20.64N - 0070N' 4614 147

Av, 1967-69 
 '3196 + 1177N + 0,041N 40,1 1442751 17.87N - 0.059N2 3783 100 
INDONESIA
" usakanegataExperiment Statiotn,West Java 

1973.197', V/+L4266 +"2619 +000Z -
Av, 1971-73 

4608 4 2.43N - 0043N2 4642 28y 
 4437 + 14.30N -- 0.038N;Modjosori Experiment 5782 188

Sain 
atJv
Stton
ast j,,,,
1971
1973 V 3583 28,53N 0 004W
Av 1971 1973 *.2.46 
 "382N 0-051N- -* 

314 21.18N - 0.028N2 

(contfudon "Xt page)-
 . ..
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AP'I'NDIx 1: cunhlllnt(,d 

Y 

MALAYSIA 
Muda Project in Kedah, West Malaysia 

Bahagia (IR5)
 
Av. 1969-70
 

Class I (soil) 
 V = 3176 + 9.85N 0.038N 2808 

Class II 
 3357 + 13.94N- 0.076N2 4008
Class 111

Class IV 	 3133 4- 18.86N - 0.089N 2 

4136 

- 2702 + 19,88N - 0.106N 2 

3637
Av. Class I-IV 9 3092 ; 15,65N 0077N , 
4897 


THAILAND 
Suphan Buri Experiment Station, Don Cjdi 

RDl 
1970 

1971 

. - ' 	 2032 + 54.98N 0.177N; 6307 

45688 28,84N -. 0,128N2 

6212 

1974


'v. 1970-71, 1974 	 2465" 43.86N- 0.232N 4538
9 3028+ 42,56N - 0,179N 5558 


PHILIPPINES 
Maligaya Rice Research & Training Center, Central Luzon 

R8 
1968 9 	 4890 - 24,98N - 0.063N 2 

7366

1969 
 4324+ 18.81N + 0,026NR 4324
1970 
 4362 + 37,54N. 0.168N: 6459
1971 
 4233 + 53.08N - 0.232N2 7269
1972 

1973 	 4581 + 28.03N - 0163N2 

5786

4033 4 20.10N - 0.056N 2 

5837
1974 	 3713 + 28.48N - 0.086N2 
6071
1975 
 3752 - 29.28N - 0.096N2 
5985
Av. 19M-75 4238 + 30.OON- 0.105N' 6381 


IR20 
1970 * . . - 3732 + 32.16N - 0.150N- 5456

1971

1972 	 4130 . 22.23N - 0.082N 2 

5637
4802 4 21.31N - 0.124N- 5718 

1973 
 =.3392 + 19.76N - 0,038N 2 

­
1974 	 2
2802 + 39.76N -0.106N1975 
 2838 ± 20.62N --0,018N 2 6530 


Av, 1970-75 	 ­" 3616+ 25.97N - 0.086N2 5576 


pela 
1968 9 	 4406 + 15.62N - 0.118N2 

4923
1969 	 ­4939 + 7.92N - 0.150N 1 5044
1970 

1971 	

4368 1 24,43N 0.15ON 2 
5099 


3937 4 7.02N - 0.116N2 4043
1972 
 3746 423.93N - 0200N, 4462
1973 *+31994 28.OON - 0. 165N2 
4387
1974 	 2
* 3195 2,86N -0.011N 3195
1975 4000 ± 0,33N - 0,056N2 •
Av, 196,8-75 	 4000 


3974 12.33N -0.104N 2 
4339 


(continuedn opposite page) 

b
Maximum 

N 

128
 

93
 
106
 
94
 

105
 

155
 
113
 

94
 
119
 

198
 
0
 

112
 
114
 
86
 

179
 
166
 
152
 
143
 

. 107 ­
136
 
86
 

-
188
 

151
 

66
 
26
 
60
 
30
 
60
 
85
 

0 
" 3
 

59
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APi'ijtx |7 continued rf 

Maximumb 

Y N 

Visayas Rice Ekpri nent Staion, Visa)ys 

1970 V 3631-± 45 17N 0,148N' 7078 1531971 24471 * 13.51N -0,074N 5088 911972 3021 , 39.31N - ,08N1973 4380 1- 4.81N 0.007N 2 
4380 01974 23886 8.76lI -0.032N 4486 .1371975 1933 * 19,67N - 0.092N - 2984 107Av, 1970-75 y 3517 + 22.67N 0.075N 5230 151 

IR20
 
1970 V 3394 -48,88N - 0i71N 2 

6883 143
1971 4681 + 46.83N - 0.212N- 7267 1101972 . 3573 23.29N 0051N2 -1973 4527 - 21.65N 0,052N - . ­
1974 
1975 

-- 2899 + 17.47N 0.042N 2 
-= -

- 3110 + 12,29N 0,042N' 4001 145Av, 1970-75 V 3697-. 28,40N -0.095N2 58.1) 1119 
Pela 

1970 
- 2676 - 7.40N -- 0038N 2676 01971 4401 33.24N 4 0118N2 4401 01972 
 2834 4,21N - 0.097N' 2880 221973 
 4111 20.73N,+ 0.021Na 4111 01974 22011- 16.22N +0.105N 2011 01975 3142 -- 18.52N - 0,049N2 

3142 0Av, 1970-75 Y. 3196 - 15.32N+ 0,026N' 3196 0 

The maximum yield (Y} and nitrogen input MN)at maximum yield are calculated from the fertilizer 
response fUnction of this form: 

Y - a -bN -,,,zN-
Where Y donotes kilograms of rice per hectare and N denotes kilograms of nitrogen lmor hectare,

Froni the estimated cofficients of this functions, we can calculate the following; 

Maximum N ­

- Maximum Y a --
A dashA/..I-I indicatesdah4 thr.,the calculated maximum N level exceedls 200 kg/ha..... 
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* Ai'vi ,pt. G. ANrage yiclds of IRRI released itrieties CR), ionreleased liti, us and ther 
sui(Wthiarf varieties (Ni), and traditional fall variuties (T) at tihre leels of applied 
nilrogen fertilizer in IRI Agronomy Department trials of' pronlising lines and interna­

1 ktitmal ariety trials, 1966/73. ____ _______________ .....________ _ __ _ 

Av, yields lt/hal 

No nitrogen applied Lowest applied nitrogena Highest applied nitrogenb 

R NR T R NR T R NR T 

Dry season 
1973 3.3 39 3.6 4.2 4.9 3.6 5.8 6,2 3.4 
1972 4.4 4.3 . 4.4 5.7 5,9 3.8 6.9 7.0 1.8 
1971 5.7 5.2 5.4 7.7 7.0 3.8 8.4 7.5 0.7 
1970 4.7 4.5 4.6 6.1 6.3 4.6 7.8 7.3 2.4 
1968 3,9 38 3,9 5,1 4.9 4.9 7.5 7.1 5.7 
1967 5.9 5.8 5.2 6.7 6.5 5.6 8.9 8.0 5.6 
1966 7.2 6.0 6.1 8.6 7.8 5.9 8.6 5.1 3.3 

(Idry 5.0 4,8 4.7 6,3 6.2 4,6 7,7 6.9 3.3 

Wet season 
1973 S,1 3.7 1.3 . 3.4 3.9 1.8 3.9 40 1.3 
1972 3.7 41 3.3 4,5 4.7 3,9 5.0 54 4.5 
1971 3.7 ' 3,2 1.3 4.1 3.4 1.4 5.8 4.1 0.8 
1970 4.5 4.3 2.8 5.0 4.7 1.5 . 5,1 4.8 0.9 
1969 5.4 5.0 3.0 5.6 5.4. 2.3 5.2 5.5 • 2.7 
1968 4,1 4.3 3.9 .. 4.8 5.2 3.1 6,1 6 1 2,1 
1967 3.7 3.2 3.1 4.2 3.6 3.2 5.1 4.7 3.0 
1966 5.6 4.4 3,4 5.5 4,7 3.6 4.9 3.6 1.6 
) wet 4.2 . 4.0 2.8 4.6 4.5 2.6 . 5.1 4,8 2.1 
X both 4.6 4.4 3.7 5.4 5.3 3.5 . 6.2 5.8 2.7 

0Lowest rates indryseesonwere 60kg N/ha in 1971, 1972,1973 and 1966; 50 kg N/ha in 1970; 30 kg N/ha 
in 1968 and 1967. Lowest rates in wet season were 30 kg N/ha in 1970/73; 25 kg N/ha in 1969; 20 kg N/ha
in 1967 and 1968; 15 kg N/ha in 1966. bHighest rates in dry season were 150 kg N/ha in 1971,1972, 1973;
140 kg N/ha in 1970; 120 kg N/ha In 1968and 1967; 240 kg N/ha in 1966. Highest rates in wet season were 
120 kg N/ha in 1970-1973; 100 kg N/ha in 1969, 80 kg N/ha in 1967 and 1968; 105 kg N/ha in 1966. 

A Isor) IX. l'rodttction ftmntiom from experiniclt station versuts firmers' fields, 
Philippines, 1973/74." 

Experiment Station: Mallgaya Rice Research and Training Center, Central Luzon Variety: IR20 

Year Season
 
1973 Wet 3357 + 26.9N 0.17N 2
 

1974 Dry 2802 39.8N- 0.11Nz
 

Farmers' fields, Gapan, Nueva Ecija
 
Variety: IR20
 

Year . Season 
1973 Wet 1611 9.9N - U5N7
 
1974 D.ry . 1604 - 17.1N- 0,05N2
 

aThe maximum yield (Y)and nitrogen input IN)at the maximum yield ate calculated from the fertilizer 
response function of this form: 

Y a t b, N + b2N.'
Where Y denotes kilogram of rice per hectare and N denotes kilograms of nitrogen per hectare. 



FactoIrs affecting

fertilizer consumption
 

C STINA C DAVID 

fId'!
Re gresslin dnal'sis \ds used to, ide:n t i Ihe )rs that explain 

the variation iiI lvcel ill terflili/r C sullntlion amonPlkillacs ;Ind
atrn s. Diffe re nces in heiphysi calecnvir mmciint mus ,,ilIlges 

va iation. Add i i~malhl. the fcrt ilhier-rice price 'rat i,.aid the"'
ult t'll soI;c I I 

l I iIIm t2 i I . 
ad be i n IIId IeIontIII r a major pI in t oI he 

pi o.t htf .lrI t t..-, IIII tt r I h :d 4 Li: I m
beainemt on the a~rialion. The estinrted long-ru price Cla'.ticit\ of 

dntnand ). t -r1u11rUnf0 in ,rtli c r1 is.1h-(: 1 h t eha1,icit esti\ 
mIItI l 1rnWl -0,2 to-t n l)itfcrenccs in.rriattion 111d 
other en irome ntal tactors exphain the largest portion ot the g;. ... "p 
hcbent ',eaoracc'"he.'hc using fertiliicr villa~ge.and ics,," 

IN"'il!'RtFtOtIS CtAN.R; the close correlation between the yield of rice and 
fertilizer input was examined, and some factors associ,,tcd with the wide 
variation in fertilizer use were identilied. An econometric analysis (i the 
sources of variation in fertilizer Consumption among the 3( villages surveyed is 
undertaken in this chapter to identify more clearly the economic. environmen-
tal, institutional, and technological varialies thmt affect the level of fertilizer 
use.' 

Althotigh the application of fertilizer is known to Iecritical for the realiza­
tion of the Ield potential of modern rice varieties (MV) few empirical mia yses 
of factors affecting fcrtilizer use n deeloping countries arcavailable A 
knowledge of the relative contributions of' various fiicttrs affectinL fertilizer 
consumption can provide a guide to the allocation of scircc agricultural and 
public resources. With MV, fertilizer policy has become, a major focus in 
overall nitional agricultUral progranms in ASianl natiols. Sharp tlucIuations in
world fertilizer prices from 1973 to 1975 raised an important policy question: 

(.'ristina C. )avid is Asisianit Profcssor at the inStitc A..ic.lt.l Deelopmcnt ati 
Administration, University of tIe Philippi nesMt L Boso LAguur 1hilpnsf . 

tMuti'i the dam1!i k t i o ,11ir'1, i..lSCr., O 1..l. drd tl,, i ih C ii ' A Ni,)dcl
fliliJLr IiRiand in ti. Asi .ir ECtonomy i in ishtid PhDl) thesis. fiodf€,ix A MUi,-roA hsis.l t [I"

-
iqi C. Imiid,'Ulirtler t)Cxidt~iifvr~ii> I)ten iti-r 1975 sc (r,~iina cdin the Asim Rice FcIi)m)y.'' /,J-1j 
R .ciri h io iwt iu ',,s Voi . 1 N,. I 197i) . ­
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68 CHANGES IN RICE FARMING IN SELECIED AREAS OF ASIA 

should the government subsidize agricultural research, irrigation, and otherfactors to increase tle productivity of fertilizer, or alternatively should fer­
tilizer prices be subsidized?

Toranswer such qjuestions, one must have a clear understanding of the factorsaffecting fertilizer demand. Most empirical models explaining fertilizerchdemand havc been based on the assumption of constant production technolo­gy. In fact, a common approach in estimating the price elasticity of demand forfertilizer isto derive it indirectly from the profit maximization conditions basedon fertilizer response functions estimated from experimental data, In thepreviouS chapter, however, a high degree of diversity in the response functionsreported from farm experiments and from the village surveys was noted, notonly at different locations but also for the samc location at different timesThus, considerable arbitrariness is involved in selecting the appropriate fer­tilizer response function. Moreover, it isnot possible to take into account otherfactors, such as risk or lack of knowledge, which influence the level of fertilizerconsumption and prevent farmers from maximizing profits.The approach used in this chapter is to estimate the fertilizer denmandfunction directly where factors affecting yield response to fertilizer, such as thediffusion of MV and the quality of irrigation, are explicitly specified in themodel. Actual differences in fertilizer demand across time, farm, village, orcountry are influenced by factors other than prices, Such as MV. use of otherinputs complementary to fertilizer, and lthe existence of supervised creditschmes, which reduce the effective price of fertilizer to farmers. Changes insome of these factors may, of course, have been related indirectly to go0VetLment eforts in promoting the use of MV. t 

CONCEPTUAL FRAMEWORK 
The use of cross-section data to estimate fertilizer demand function requiresthe coverage of a relatively \ ide geographical range to obtain adequate v'aria­
tion in the variables specd in the model, especially prices. The survey datacollected from 36 villages scattered throughout South and Southeast Asiaprovided, therefore, a Unique opportunity for quantitative analysis of thefactors responsible for variations in fertilizer consumption.

Fertilizer response functions among tle studied villages appear to be highlyvariable. Differences in yield response to fertilizer are normally associated withdifferences in such physical factors as soil type, or variety. lowever, environ­mmental differences among villages also include a wide range of factors: physical
environment, the institutional structure of farming. management capacity and
knowldge of new inputs, and the cost 
 and availability of inputs and 
*technology.

new 

These differences in fertilizer response function are illustrated hypotheti­eally (p, , p, p) together with their corresponding demand schedules (d, d2,d3)in Figure IA and 113. The level ot'fertilizer inputs is, therefore, related not 
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::. Ivp ti 1i hlft in t" T we r t m iinctinI (AeI m' l inri 
Jd!frn.nd cc'dtdN B) 

on11 lyt he ettc pri c otl fQertili/Cl 1(orice, but a1kr tO lacIors thatI eXPkl the 
dlillthrercc i the yield responsec of fertili/ert[rum one vi]lag to ather. As 01h: 

respnse utionl shifts, upwvad bcauswe oAfithe intIrodluctiolo ()I IV. improved
Igain01 and 001C.~ I",thatCIfaIor Ih11proIIIIs 'I duLct11vity Of feCrt IIizer, the demandI 

fu I o shifIt,, to the Irig I I 
When1 no11C\epiCIt1conISIC1dtionl Ps gI\e2n to IlarI 1ssocia tecd withItheIphIenIIomn

the. respo)1Ins Inde-mand fCUn ction)II the deCman1d CtlrI, D wi Il he est IfateId 
lead(Iing to an o)\ res.t i ate ofI the pri( c e;ilatcIty ofI( demand 'l)Ifofri izer. I our
111n1s' AsJI counties, the shlift inl (lrtilixer responses function occured at the 
rate of W0 to 1 i w~ayar betweecn 198and 1972. In thle present analysis,
lirmcvui. (11, d., aind d.,, (Fig., 11) represenit (IitfCliccs Ill demnid funictions" 

in time,. 
The measure of demiland res"ponsiveness to chanige.s in Prices. ice, pricem 

eIasicity ofI deumnId for ferItilIi/cer, ob)taIIne f tcs of,dIemand fucIon). IIIrom estiImaI' I Itt 

isi cr'itical itc'mnof informationl Ine~valuaingim the effect.; ofl price policies. Butl the
 

elasticity of denr. -Incile igh respect to variahles, other than is equllkfunciont,,iflsto w%,ith , prices
lmpirtan in d1trmin inc 11w ;Ippronvriat' noticv to ruise he iiili',cr flommd 

.IF [)FNAN D 

T.he deimand lodel asts lai thedeveloped toe wide var-itionIneir'tilieg
0plycti Perectare across villages and famis in terms ofI differences inthe
ifrtilizerice price rati mad in thie pariablcsr tpresnting differences in the 
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70. .... . . . . Rl .INiCt,A R MIN(; IN S1,1-Th ILDfc REAS (A,A 
fleiilizer onse functsLes 1nd in the Credit C(nrin' Iacin the tarmeIs.lrnjpirical esi lniation of the modl all.cd theidcntificalion of Ifactorsf"il that explainthe variation infit erii e cmnsuil tp. 

* cslimatiu of'thepricrh.icin ofdemand for feitilizeror pIl 
* i 

led due to a, change in price (Fig. 1IB). ch..l~co de ternlinationi o!.f thle, relativentribino ofteepaatr
factors ie gap i fer ilize r co nSU mptionl betwelt n he av. a.
 
dnd heavest' users.
The analysis covered ala from 33 villages for the wet senssnvillages where noc fertilizer only. Threewas al)phed(Appeldix A), A mbination were excluded in the estimationnd m level observtion 


li ~i . i~' I i 
 'illac a Jj-l IC 'C ,,tio ns are*
c' Cl'h till 1- ~l~itioln is jexpressed in log orm as follows:
log,:Ig log , ­ ai log IP U.,All/ . 1 lnlo -

where denotes village 
 and .I'far: / is fertilizer applied
nut r.. d , /r ef ers t o fert ili er consum 
inr am peh ctar i ens (NPK) , an ti o f a- m •iiac i pklnted t iof plAld of ...trogen tooaddy:rice arc pl s the pr portinn of totalutmogdeta rieties; Itof istlie ifndex ofqulal tv of irrilaton;V is"cn (in kilogramns per hectare) required to ohtai iahe~l level'(2 1 l\ield asl dicated b y theme - - t" n eilleitogr s ftilli 

tti on ner e,st c il, lage is t - l e s l t n s o t ol afnrnoual if all 
ll 

i hni ntIis ri tl a,.:-.t':" ,tu gronss "air, OIofp ri dLiCti h i lS,fa'....... an..i'is
 
the atIl I error term . , Ill , ISThe pl,(rotinM of tile arca pltnoed to modernlvarieties ()h.e e ,tent o o isla eu r ot. o... .. . . a l inno ation s that raise the fertilize r 
respn)lSe fucteon. . . ' 

She index of quality ofirrigaion (W) as consructed by, vilbased p rl on I The index isthe availblevillag~e, and tile propnrtio n~of farmers reportin,,of the irrigation ,,efn ill thedue toiniritl 
either lack .of wa e r oO f • Tind ,;a mg eillimsigh titn i\' ~lld q inH toin. I q l an 

,, 5: valu'es range. £1 I1 to 5 ,with I.i.atii ng roor irrgaton or rainled co ndition.

To u rth e r e x pla in t he&lva;
ri abl e , , it sbt t


l~ iulc Ils inlvestigatill le respo)eof
yie Itld NIV o ni trogen in experim entstat nn1 tlrotigllt t "sit revealed variatiolns inl the amiot of iitogen 
Cx in soil and climatic factors. Ill India. for example Soils tend to he olderand less fertile than in) the Philippines. Ahhoug,,hlaxito differ reatly been m iels dot not seemcountries. these maxima are o dainet l tdouble tle r io' ftilizer input in India (previouIs Chpter. Fig.. he. vaialll "R n).reflects tle mailail sittuation in the 2 months prior to ,arvest.ifi1rrgation or walei avaiill itv is nlot a constmaint then hig, rain fall, which is 

... ... , '.- t~lll lll /ll rllllH \'lLAWLS . .; . . 

I 
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u'cle*', v~hc n droutht Isa ci ithaIl prohicin a pos tk c.rclatio~mrshi-p cxists ictvcc,::_
,rtint'all andi fc :ilj;-.r dc+mantd.
 
" 'wt'hc ra
Iyuhlc lV : inicideif to icfl}ct thlfarnicr\,:Iitjutxh, i.otio:, [:u mcr,


wihar.nc t2ross x'afuc of pro~duction ic vpu'U)+l 
 bul:
tr atti to i,i~iCJIa,,sc "
 
cash Inptr' suchi aisfrtihizcir
 

Oiv 
,7tAt hI T I Is 1t 1['hc rcgrcss ionl :octficicrln csrimlatcdt f'(rxatliiou Npcc'fiti~ :nodctnon,,otHthcd .


(lablco 
 I)reveal a hiigh R 2 I'r )urg:'y io) baxicdi onlc 't s,cction fatrn Xtllvc< 

data. The ciclsio :o vL'Sim prove5 iatcs rcprc ,cntin oift c n, hcteI)Ipnscl Iful1i:hwcoodncs.. i f fir marttk~ ],and th i h 1-valucs ) itcsc va 'ielr for 

ahlc'.;"I n dti c allta gr ea: +. t er:p r ecis. o nl f,: clI ottx . o,th c c oefflldcien t of.p ric e>i nlth c
 

'h ' 1rhc siunsf.o+t'rI, ++,l,• all,'-ndxalriable',u arc:
regre silnl. "l in accoutrd xxithrtilt ' espectation'. ftc_
rafint'al ,,xariable is,+ ix,and thuspos.;'+it 
 re..fict.'t:r. 

r'a tha nla nl cqutac \ ofi 'ia en](re . a', a ,',,;.ica ..co .. 


s-e m+:'..+lstt an adc'quac\, i v,aitc 
th e.r ,ad{ n in: -s-- du t c 

lperin d prior It)harvest
In the: pc\eious chapter-t-[i, . . Nhight,.xcorrclt.cd wpIihaj<icd fcri liic r n a.. .aim,nlgvillages. c. the hiuh lvItt)ox' 

t 

siniiant ci'fieth l of Al in If moCdel indlicte that a1nng, fan \hhiH-ia
h,,-agIwis a pst.eJ11 ass cit1 i.llc%i-:iI x I~Icclrc and f' IlcrS c re u )111po\ I Iot IcIt h Itt:I LII': I:,, f 

Thble 1 Fertilizer demand function stimated from vilaes and farm-level o)servations in 33 villages
in Asia, 1371 72 wet seFson."
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fertilizer responds to a chane in fhe relative price if lcrtilizer to rice. The
coelficients for the price ratio represent the price ulasticity of demanid for 
hertilizer,. Whcn the variables representing shifts in the ferliizer response
lunct ion arc inchldcd (Specification C), the claslicity of(deIand is- 0.225. This 
impliesI nIt with all othcr factors held co"stant \ ithin a village, a I0% increase 
in ihe price ratin willIrscil in a 2.25(4; decline in fertilizer cOnsuIptiOn. '1 he 
m ) c elastic responsc of fertilizer dematid to changes in the price tatio Where 
the variablesIprleentngiftssh I Ite d (-(0.806are 0i in Spcificat ifon A,\)reflects

hig-rutiIf clas'icilv estimate for an across-villace fertilizer rcsponse function 
N', depicted hvpoithctically h' 1) in Fiiu ru 1IH. 

Ilie Cstimates of price elasticities 1f lhe author using theseliand other dat a 
sontes and dIternative model spceifications are discussed in 2reater detail in C. 
('riskstuno David (1975. 1)76). The stimots of" the elasticities for tIhe
fertlizer: rice price rati usin alternat ie illodel and data soLrces arcsu imnarized in Appendix I. The alte'rnative model isdescribed in Appendix 13 
'I ihe alternatie data sou'rces included I ) Asian agglegatc data consistin, of' 
t n seris.observations of rice productionl. crop area. fertilizer input. propor
rion of cro11p aIca phi 11ted io NI V. and fertilizer and rice prices from 195(1 to 
1 )72 across 12 Asian ricc-grM in countr es, and 2) a Lag t. PhIli iFICIe 
sI%L'\ od IINlla min-sectl ies data from(1 that ene rated cr and Iime se 

P1O6O to 1971.
 

Thi eonsistenev of the stiltiited elasicities froln these \alios data 
sources
 
is marked. 'l'he hug-run elsticity of'demad fI' fertilizer is onv from -1)8 to
-1.9. The \'ariabilitv of the short-run elasticitx is iteatce.raning from -112 to 

-1.6 (exclulding the La gitua. Philippine. estimates. PrT-oduction response to 
lertili/cr in these aial\-ses i, lov( I kg nutrient! 111kg or less of touch rice): this

coicurs \\itli preious' )lbser~atiojs that fertilizer efliciene\ on farnlers' fields is 
km . 

S()RUR( IS ()I \ ARITIH IN IN lI IItI1.1I I:R '\1I.\NI) 

An assess en of the corntribution ot each of the explanatory variables To the 
gap ill fertilizer collStllllpioii hetweei the "ave rage'" and the l'eaNies'l users
(Table 2) shoms that the level of fihzer used the top 1b four iI0a1es is
apll)roxiruately doulble that for all villages. A-\ng villages. the iiporitirt
Nrialls explaining the difleultetc in fertilizer consumptitn are irrigation
ullity (I,'). the nitrogen required to get iaxnlui 'ield (N). atd rainfall (K).

These variables are closel associatled \vifih the physical environment (soil. 
,ater, solar energy\), which cotributes to differeiices in the eCrtilize r response
fItctioIs among,,illagCS.. hile ir,.igaio, can be iiIpto, ed. it becamno 

i "~I.I Ill' !})5. ' l] ] ] i,/ 'I } '1tI' 1iit [ I" Ih~c'nii' i kI U ik-I i,'c re,,~,h, to, slLss: 
* ' a. ii. "I-¢r ihici;; ltsnucsd ilslit: .s'cjs RiceU I s5,hs1., -,I M is ' iSIls sl ssl 5. Nts,. ssu;s I 



IAct~A ii M ~~ilwiI ION .NtM 73. 

Table 2, Perc:itt contribution of factors explaining differences in level of fertilizer use between theaverage and top four villages, 33 villages in Asia, 1971/72. 

Variijbtu . . . . ............. ..... 'onthi ,,. r, to ,.:,,,,rig 

Top 4 NPK ipuwt 

ltrop( ir!iEe 

Iil gI! id 

FertLiet: rce upr ce ratio 3.2 
Modurn viariities roorti~n) 0 6 

M aimun i rcgen tkl N/tLC .t2ltrrigaflot tnctexi . 2.7 

Rainfall pr oi n: c 023I I . 
Vat no of ojtput1 $ 48 
F It lizir per 

(laj NP~ ha) 

!d a e 

0.78 

1802.0 

0 7 
Iath208 

130 
1 I 

il 

5i+: 

4?7 

kI I 
1ct.re I3 

" 

stll ll lhat otilr tle onltLrun, those ilia,.sx e)rac oriI I ho, t in ertii,,cr
input can aIp' t! Cachthe le;el I(the 1'pto'ur. 
I hIc,e r I c tIV i tio I I IIi if l\IIatcs tat rin ,aIlIn ,h Ill thaIt a eraIc inthe ! ptidi-rt-l icrher-kllr1e Iiw,..s (I able 2).% tv.e cI. the itriIatjonI1h

quality is hi t nh" he.,se Ur vie n i th,, respons . of the rice%.1ro[ pItitet ilizer nmax even he eeater." ' 

' "­

. 

101 0 !c111 t t u c0 i+l II it I,. . T c I' I I ' "I ' "l C 111Th- rate ,1 adI.ptito of modern x'aue (Al ) il the top fourt 1)(1\ llt.'substantiai I i:, r e. uttheu e;;,lt t-,latio....hip ,-t ee -, an 

t'ertilizer us (cros,,,Iilag s is not siniticanr. Thi, relcts ill prtth ti t t lthe pr( ent ' 
allr uited to mnipool of th ic- t x g e' i It't lowex,+' 'xxith farm-hex ci olbser'. ations iltroduc,..d into+the model, cte, pri por)­tioniof the area in M .\iplaInSa quarter of the, Map hetxxeel' axe,ra.c ++ ; 

il 
d
h 

'heaxjvi''t+ f.rtilizer-usin0 villaec+,. 

: 

i hehA he axedrae ,dcr-d11 t 
I " 1C t.. .... .+ I 'II/"ti IIII . .. ,. _', LI ll[ t . %''PIi) \ II 

ll l ltrl 11I L (IIIICI I . (iNI1 \.'MI "11,1 

RaiS lite tv ili -lir es- lise tictiiin by Iuproi\jng tl': qai ty1 ' ii iicationI n b-Ic,,. elopintg, M\" ,sujtableto a xxidler tango(i liviri'nniltntai cumitiiiill. i,, no t
iecessarily the lo ical pifiicy inlpieations of these, anialses. Thle larce eonintibtn -

thin if the~se tactors. howex er. stlegests that their relativ ci i+st \i5-d. js cita ng-ring the fertiiizer' r l npriceratiocshrull id be coni,.i., ed in design,iiig pol. ..ces It rainu,e 
fertlie aPpltio. orc fan,, lor dtailed information and a ttellrit 
typCme I11lodoiogy arec required t( idtelrmine t ie ri e cot~s tf alieort laix, 
polics to increase fertilizer demand.'ihe time¢ latoer colfr, ,ning the puiic,, ma ke.r is a critical tullsitieratll i ie 

choice o,1 policy alternatixes. Price po)lic'. n'ua, he prefecrd bcause of itsshort- term impamct on fertilizer dena nd. as conlpa red xvi ti p, 'licies,, ,+.hich siift 

: 

": 

' • . 
, r 

the fe rilii er respiunse function. \ .1. ...:I 
1The data a\'aila!,e fortils antai,, s are pevrhaps hel ier suited Inr ideti vii,lacijlrs which explain. ...vatritiom n leurlilizer consutptili ;ianionp iiag,:s oxu ii'

wide ranlc ¢ ut enviruntucntal Oiiditions rather than] ainoucn it'ns xxithiva." 

+ { : . : 

L 

" o ]'
 



Village. Differences in the physicalar~aionamo environment,vlla- s; :-,': .;..... • , ae plain, lo'arge extent, .
variation among villages in fertilizer consumption, and the gap between "avcr­
age" ,nd Iv 
 'zer-using villages. However, it shouldclided from this inalysis that price, credit availabilit, not be con­(r liidity osition),d Other non-cnvironnenul factors are unimportant in explaining the level ofnilrogen co1SLmption and yields on Asian farms. The explanation of among­farm variation in fertilizer eMflsnlpion within the village can be better under­stood by reading the village case studies in Ch/nges (1975) and] the reports inthe second half of this volume. ",, 
 .
 



L {r R 1 (1.rN F I\T os Ii/FR tI-ltr L • ' I 1 ,N 

Art. 'I A. 0:1g.J 00 1'illages of vttrhII)Is IlsIl In nndt, ranlked Froll) 
ll I%U,l NPK ;lpflivd, tIIt' 36 Asian i lu 4 . 197 [72 svsoi.scot 

ProportionOf tn;.
Ratio of Index rainfallNPK price ofVi(~ .pied n~tr,,npn Percent of Maximum 2 montlhsrrlj b~if0Vig• 

t fr , nitrone vYeld 
h ig/ha MVto 1paddy lion IkO/ha) harvest tha)lF p') IM) (Wl (N,) , YY,
 

aHsahailyrMysre 256 
G 

30 88 2.0 180 11 56. 24 2.8Maniralai, Talil Nad 
88 2.0 80 11 4.8222 2.9Ashoknagar, Mysore 213 2.9 
70 2. 0
62 2,0 80 11D,Vjaypur, U. Pade 5.150] 40 75 3.0 130Sidomulyo. East Jav" 16 4.7145 4.0 95 2.0 120 23 5.1Tarn i NaduTariyamangala, 145 2.8 50 2.0 180 28 41.0 

Kahuman, Centra Java 138Plunerg, Central Java 2.5 16 1,0 120122 2+t8 91 1.0 .120 " 3021 696.1 
Prha vvn ra n , 01 .2 6 .1 

Timil Nadu 119 30 49 3.0 180 28
Tarna, U. Pradesh 112 4 1 
4.8
 

Salor, Maltysia 1 1 95 3.0 18 3.63-8 22San Nicolas, Nueva Ecija 100 1.7 100 
3.0 9O 43 2.4
20 90 32Meranti, Malaysia . 96 3.8 32 3.0 90 43 3.52.2

Nganjat, Central Ja ,a 94 25Cidahu, West Java 
30 1.0 120 29 3,689 3,8 26 2.0Kandarpur, Orissa 363 

120 28 3.230 15 3.0 120Barain, Uttar Pradei.h 31 3.061 4.1 50 5.0 180 18Malirnba. Nueva Ejia 3.560 1.7 96 3.0 90Korpada, Orissa 32 2.1' 55 3.0 15 30 120Mahipon, Nue va Ef ja 31 3.0
 
Pedapullru, A ra lesh 48 394 9 90 32 1.9
0 51 1,7 ,75 5.0 
Tabang, Leyte "43 2.2 100 3.0 90 23 1.9Seynro Nuwebe, Dvao 35 2,8 100 4.0 90 3922 
Marios, Leyte • 30 2.2 100 3.0 90 23 3,5Maraliwala, Punja 29 .4.2 49 2.0 150 33 2.4Canipa, Ley e 24 2,2 100 3.0 0 23 26Rai Rot, Don Che2i 20 4164 3.0 120 8 3.2Aroop. Puniab 19 ,17 40 20 150 33Capaydra-, Cotabato 3.214 3 5 100 4.0tong Sarai, Don Chedi 90 18 2.613 6.5 21 4.0 

L 120 8 24Bulucaor, Colabcto 12 3.4 100 30 90 18 2.9
Sina yawan, Davao 11 2.8 100 4.0 90Sa Krachom. Don Chedi 22 2.60 6.7 4 5.0Cabpangi, Cotabato 120 8 1.0 3.5 .82 5.0 90Maltuao, Cotabato 18 1.00 3.4 " 90 5.0 90 18 1.6 
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API'NrX 13.An alternative model. 

'lhe alternative model Consists of tWxo equations: 

(I) log Oij x logc - C,, lo + c, log F1• " - 31 ! 33 l + (.:I fj +V,.,(Di : MjD,l o g F~j I l i, , ,+ 11' , t, , 
- f 1gF 1 1 (rice p~rodLuCtiOn f'limetioll) 

(2) log I . log d/,, d, log 1dhog4+ 4dE + 

+U(IiAJ 4(1, logI +'/ (Irtilizcr demand function)
where; 

c,, and d, are constants
 
I = the it, farm (i - I 2 .. 
 .S ftile jil village (I 1.2 .. 33),

Y Oield of rough rice in t/ha,

Q production of roiugh rice 
 in I/farm1. 
II crop area in ha...
 
N niitrogen (N) in kg/ha,

I" fertilizer (NPK) in kg/ha.


-! percent of area I modern varieties. 
intercept duninvI t II here D , is equal to 1 for villace 2 and otherr \ise isequal to1I for village 3 and zero otherwise. etc.
 

I log, I'll = 

df'rnc 

= prodctic1 Clktiet of' fertilizer. st sh ,ntervillage dfferences 

slope dlumnry variablecs ito cdisrin ,ihitiili, l 
in theP = price per kg N as a percent of price per kg rough rice.I value of intercept bY village based on estimate of production fuinctio1n(equation I): log I c,. =lo~ log I. lopc, + Ii.,. lo oI o=t, + k,. 

etc.. 
-+-va|lue of slope )y*village based o11the estimate of the production function 

(equationl I ): 1~-, w!2 k , 2 /3.Li( etc.,V = gross value of production in S per farm. and
 
u1 distributed term.
 

This Illodel mligfht he \iei, ed as recursive in that the results of the production iulnctionintercept and elasticity estimates for each village- bccone variables in the demandf'unction, The fertilizer-response flunctioll is estimated first by covariance aialysis.assuming an unrestricted C(olI-Douglas )roduction function (Equation 1). The sonic­what oversimplified representation ofthe production relationship of rice cutiviation wasdictated hy the availability of farm input data,.
The omission of inputs Such ;Is labor and fixed Caplital affcts tile goodness of fit aildresults in a speciicatiotn bias in the estimated Coeficients, to the CxtenI that includedvariables are ii lercorrclated witlh excliuded variahles. All ob)v iously important omittedvariable, labor, is expected to be highly colinear with land, \\ hich means the estimatedcoefficient f'rom lald includes a significant part ol tile prodtfctioI response to labor, Thisis not aserious limitation. ho.ever, because the main interest of-the study is the produc....

tionl response to fertili/er. 

*1+ 
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ovarirance analysi to aecoli orf differences in tile response ckthicient ."h \ 
remnovCes Iultch ot the specification bias in tile coeflicienl oIf the arising om thc omlitteld
 
\ariablcs positivcly corrlated with1eritiliter (eig.. water conltrol, oils) siilcc a mnajo1r

to1Ifion of the Iat Iiabl\ s a in i t he r Ihian bc wI\c I r11i
i ariaJI t inl rlie a b is b C t lob Ic 

a giv TIe ic iliin c r resIpoI se,2pl Iram t eCrs.ic and J I
n-ocat it, I. I i t I f iliI , r'! 

ewa riManCC anual\is, ill tile firsl prt (corrcspondingm 10 lie fci
toIlivtle hiot t I lIiill/c " 
reTspone funclioll ,pp, inl Fiurct IA) are includd lsindepnde til riables in eqia. 

This eniland spccific tionl (c(quatiol 2) i\ias ,ullcI- flroil ci it rs-il-ariables i)rtibleliiWe a lse b nt iIierpr~d uct ion (inet ion anrd tli e de inand functioni has e been i liied it lhc 
Sil i,' 'cet ol data. ihe Cslil a1ted ilt'rceptI l rili , anld prod ct tl l t tll ics I/crIic i t t(cIi i 


ll e)(tion'rt 1 - eI Iow mnpfhIod is C
. platI tons' variables-- areI siH It li, a ri a b s. 
iI'Ns-not indeCendJLt of thC distuirbancI eCrm iii dcmiand ctlion, If lthis is the eias. 

n fii'iry least square reqi'¢ssiiiii leadl to iliC'1ii (Clt (IIthe'Iec, , itl iitd .ofli 
minc i et itIti natle ot he recrlc.ssi coc flicic nIs.
 

"lie ciror-itt-s ariables pi'obcli is ntl cootell.rcd11 in onrl olt,iil moltsiti lI it
 
''.,planaltol~rs 5ii.ittl aret. sulbstittedc -or the estimate of
,t he fci tilizerl iespi islihtme ,-I 

SITISTICAI . IIS I.' IS 

,I) Cndtx C. D. and EiIt,ridc regrssitin rIsll s h'1 the al!¢er11ali%e demanlid InO lel.
 
I,,sim!atcs d. the int .t a'nd cotteI,:cnts a'rc dcri ed I (ii rotl I .'i'In t U Ili
-rcep s 1p tI e 
aiti ii Fhese c iiim , re shl \ ii r ihicto t ito lie product'I oii It l eliti (II1 2
 

P1-3, 1-4j in A\ppen!dix C for il, the Asian (aim stirve. 
 'lie villages ch1iactcriet bslisser inilcteepis - Nahipon. Nertnti.' anld Nonrl Satiai -- has e relais e\l\ loss sield.. 
I l i i'. I illI.ces charaicrized by th ftf- het1PitvaIthuiveyids i ia i. Nannm lai
 

villalge in M) sore, ) halpu r.\ 
 iia, r. I lt tofliet\iIh ,lnsi ii illla.esC-- hi\rtll rspli nshigher hn ri - ti, fIt net mis. Thle ,a Ities4t lie int .rcepi in PtI-2 be 's .cii ii s, 
*; ri!ips; ranlge fromr ahiliosi titl Niic7 Sari;ii to (1.35S inl I laliall.s' sshih iniiplies air in trm oI 2.t, tibhleld ft.5 

Ie fiurldc P'r h3('% t! thatthc resp-trie coficints if fertili/er Vt';al o bt)
 
illac. 
 The aIddilion of idrii 1VarietiCs 1i1cijtittion PI-4 gives pricticall' thl anit 

estima!tels th te !productionelasIticit' til ii bitt .slihtlv higLher iLtrcL)! levels, I1 
pitern of titics o)f the interIcptiii d 1'14Plttin fP1l.o's rather cl;olyIii-2 ' 

'Fltcsetigfroml Itlt%oti () in hltipon to abhot (1.6 in Stimle ollfli ldIathesllawes inl 

,iii.NIaaissala It, (1.38 in Nlah~ipriithei ctelicienls dllth' fertilizer detanid iereslimnald usingl hc tiilits otr * alld 

13froml eqtionlll I as depetiderir variables iniestlaltnn 2;. 'thle result ti. thatl prices aind
hestlii els ictidl i itlch idinrg Pi p li ith~I re prese¢tilinlg shifts in iIihc fe rt iti/cr rsponrse fu 
ifat' uii enctnt ldcnir" i'etries areihighlvsigilicinl f'.'tIrscxplliiiinig viri;s in th 
rtel tit fertilizer applicationl ii the Asi nltie .l i.lc r ) . 1 '1 ong.l ifickii rice chIi ticil 

delma1htsin n c(tivaion )I. 1. DII- I .aid DIII- I in Appendix i'triges frti-oll-l.8iiih 
-0.57 for the Ihrec dilfteritt data source. "II shrt-11u1r price elsiticil, IIf dllnIIId 
slimwn it) equaion )1-4, D11-3, and I)II-4 rilges from-.i.27 to -i.71. 

http:from-.i.27
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ill.gt'-sitCili 

fari: dala(it' 33 selected villages in Asia. 1971172 1% 

Aw'll N ( l. COCIlitih-,ns or the rice Iro(ludion 'funclion cstinmated l'rm 
el sason. 

Gapan, Nueva Ecila 
Mahipon 

Mulimba 

San Nicolas 
• 

Boybay, Leyte
Canipa 

Marcos 

rab-ang 

Pigcawayan,Cotabato 
Bulucaon 

Capayuran 

Hagonoy, Davao del Sur 
Beynte Nuwebe 

Sinayawan 

North Arco. TariNadu" 
Kariyamnangalam 

PaIvarthuvCrran 

Manrnalai 

Curtack, Orissa 
Kandarpur 

Korpada 

Shimoga, Mysore 
Gojanur 

Hosahaly . 

Ashoknagar 


(continued on opposite page) 

PI-2 PI.3 PI-4 

log a log a Fertilizer log a Fertilizer 

PHILIPPINES 

0,036 - 0.645 0.386 0.650 0.373 
(4.439) -. 283) 

0,152 0.000 0.164 0.051 0,165 
18.464) (2.420; (-1.904; (2.249) - 1.7751 
0.344 

{9.051} 
0,151

{2.638}1 
0.183 

{-,6}{242 
.0.102 0.183

1.457, 

0.144 0.169 0.070 0.120 0.071 
12.805) (3.837) (-3074} .(3.623) j-2.9351, 

0.295 0.287 0,106 0.238 0.106 
(6.987) 14.370) --2.608 14.156) (-2.477) 

. 0.184 0.110 00.095-0.159 0.095 
13.959) 12.487% {--2,888) {2.277) (.-2.746) 

0.367 0.364 0.096 0.316 0.097 
j8.348) (4.832, {-3.033) .{4.620, -.2.890) 
0.310 0.327 0,067 0.279 0,068 

16.3631 14.672) --3.268)4 1,459, 1-3.128)­

0.381 0.437 0.050 0.340 0.050 
18.764) (5,172) -3,648) 14.960) (-3.500) 
0,232 

(4937) 
0.182 

j3.831 
0.131 

{2-2.538) 
0.131 

(3.615) 
0.131 

-(-2.383) 

INDIA 

0.300 0111 0.172 0.035 0.192 
(7.126) {2.938) 1.992) {2.6- -1.674) 
0.411 0.406 0.097 0.333 0 117 
•8.988} 3.379) (-2.186 j 3.155) -1.926) 
0.439 0.720 0.040 0.633 0.018 

(11.143) {5.559) .- 3.957, 15.192) {-3.601) 

0,187 0.205 0.092 0.201 0.079 
14.045) 14.105) {-3.190} (4.027) 1-3.078) 
0.144 0.162 0.079 0,157 0.076 
J2 047) (3.919) 1-3.417) j3.926} {-3.297} 

0.485 . 0.586 0.037 0,547 0.036 
{13.628) (5,878) - 3.874) j5.709) -­ 3,741) 

0.575 0.658 L0,045 0.625 0.0410 
S{13.2391 16.184) {-3.755,k . (6.053) . -3,663) 
0.462 0,435 0.109 0.419 0.109 

j 10.399) {5.107) (-3.052) {5.063} (-3.012) 

http:SELFcI--DE,(:.AS


1)1 cotiIuIR ...... tAlkl IC . 

Pl-2 Pl-3 
 P1.4 

log a a Fertilizer tog a Fertiliznt 
Nalnital & Vara,,as, U. Pradesh 
Dhanpur Vijaypur 0.501 0,382 0,125 0,464 0 087 

,12,544 3358 - 2.069, .3,659, {-2.297 
T an 0,314 0,36S, 0.060 0,326 0.060 

•6.8951 {4.23Ek -2.9691 (4.0821 2.833,
 
Barain 0.185 0,161 0.100 0.153 0.095 "" 

{3.957} - 2.711}3 13.528 {3.536. 42.7931 
West Godiavarn, A. Pra desh
Pudapwlleru 0.372 0 427 0.065 0,430 0 063 

, ,{12-065: 45. 75" '3612 ,5218 ,34831 

PAKISTAN 
(tujranwaia. Punipb
At o, 0.160 0 048,araliwala 0.565 -0a115 

INDONESIA 
Stibang, West Java 
Cidahu 0.231 0192 0,125 0,184 0,118

(5.390 3.907 . 22 670' 3.8991 42.600, 

Sldoay,, East Java 
0.482 0.611 0 016S{oulo.11.9261. (5.5001 
 { -3.469 0,562 001715.3011; {"-3336
 

K/aterl, CentralJava
Nganjat 0 341 0,223 0.188 0214 0.182 

,7.787, 43.953i { -1 8881 43.942, ,1.825

Kahumnan 0.550 0,553 
 0.085 0.528 0,081 

13 34 5
, } - %(5300 '2,843 (5232} 2.754;
 

runeng 
 0.522 0.482 0.122 0.435 0,123
 
)12.673) 4.6081 {-I-2.193'- 4.,438; (-2.076}
 

WEST MALAYSIA 

Keltlntan 
S. 
 .. . •a!4. . 0140 - 0.019 0.156
 

3.4104 {2.986 ,- 2.297 
 42.8451 (--20171 
Merant 0037 -0.182 0 218 -0200 0.221
 

-0.144) (1,94,5 (--1.520, 1.18971 
 (-1370" 

THAILAND 

Dom Cbhedi,Suphan 81,rf
Hai Rot 0,207 0377 0.047 " 0366 0.043 

47.056, {4.810} 1- 3.675 . 4.795' 4-3,582, 
Nong Saral -0.007 -0.171 0.248 0177 0244 t 

S18F 42 289 
 .1333 12.2891 1.423.
 

;'Figures in parentheses are t-values. Those in brackets are) also t-valujes which provide lest ofsignificance of the difference batween the coefficient for village and the coefficient for Ihe basi villagt,Mahipon. bMahipon has been assigned as the base village in the covariance analysis specficntion,.Coffici ents were estimated based on separate regressions, 
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D Rice prioduction hnclions estiitcta from the AsianI. 
farmIt survtey, Asi 

Log a Land 

.... . . .. 

P-1 0,204 0.813 

P1-2 0.036k 
(57.261) 

0837 

P1.3 (48.128) 
0.842 

P1-4 b (43.403)
00.6500841 

(43.372) 

P11-1 0.089 0.859 

PII.2 1.793 
(62.857)

1.444 

P11.3 
P11. 
P11.4 

- 1.402' 

0 702' 

(14.047) 
1,.286 

(15.197) 
0,684" 

(3.629) 

Pill-I 3.420 0.712 
P111-2 (20,673 

1 1113 

3 2 5 9 d 

0723 
(20.660) 

0.701 

P1ll-4 
3 ,2 0 2

a (19.695)0.704d 
(9.244) 

Fertilizer Modern 

varieties 

Asian farm Survey 

0,124 

(13.933) 

0095 

(10.971)
 
0.386b 


(4,439)
0.373b 0,048 
(4,283,1 (2.497) 

Asian aggregate clata 

0143 
(15.072)

0.073 

(7.302) 
0.106 

. (4,105) 
0.100 

(2.486) 

Laguna farm srvey 
0.056 

(4,838) 
0.030 

(2,508) 
0,068d 

(2.7511
0.057d 

(2.218) 
dFigures in parentheses are tvalues, The second equation in each set of four ,ncludes the intercddummy for each village, the third equation includes intercept and slope dummy for fertilizer, andthe fourth equation includes the intercept and steps dummy variables plus the variable for proper­tion of area planted to modern varieties bPertains toassigned in the covariance analysis. Pertalns to 

Mahipon (Philippines), the base villagethe Phillppine , the base country assigned in thecovariance analysis. dPeniains to 1966, the base year assigned in the covariance analysis. 

-0.991
 

-

0.155 
(3.220) 

-

-

-

0,084 
(3.638) 

Chemicals 

-

0.754 

- 0.862 

- 0869 

- 0.870 

- 0946 

0.995 

- 0.996 

- 0.375 

0.090 0.502 
(5,122 
0,083 0.5 12 

(4.674)
0.153d 0.531 

(4.677) 
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:\Pl' ITIIN I . F, tliiier d(Illmid 'mictionlstI Slillated [r11 tle Asian I.ariu sui' v. Asi.I 
Il l.dur%U% il sv of all'a 	 Irnalk c iuuaiggrgat da a and I . algu a, Philippi lt'ies, 

Log, rice 
price 

D1-i 2,035 	 -O 863 
-7,8 74) 

D1-2 1562 	 -,0.691 
6-6.245) 

DI-3 1.520 -0 650 
55281 

0I-4 1302 	 -0.598 
1-505) 

011-i 2.003 	 -0870(-3.490) 

D11-2 1 339 -0.482 
(-2,754) 

01I-3 0.577 

(-2.0 0( 

01ll-1 2.005 	 -,0.800 
(-14,586) 

D1l-2 -.3 731 -0.560 
--9.9721 

D111-3 -3,747 ,-0.556
(-9.7871 

D1tt-4 0.343 .	 -0.709 
-12.828) 

'Figures in parenthise are r.'aiu. 

Fertilizer response coefficient 

Imercept 
Production 
.elastily 

Modern 
Varieties 

Value of 
oWutut 

Asian 1lirm survv 

.......... 0.170 

0584 2,326 
(7,3681 (8.7391 

0 580 2 336 
(-17,3071 t8,768) 

0_540 2,294 
(6 728) (8.620) 

Asian atggr'gate data 

.. 

0,038 
(0.037) 

0.373 
(1.014)1 

... 

0.0q1 
3, 24 

0.252 

0 253 

0,262 

-- - . 06'! 

0,428. 5.874 
(1.5171 (5.1631 

i-0.274-0,217 .890 

10.967) (901 
Laqiina surfVey1 

.- ......-

--

0.049 

11,014 

--

-

0564 

0,742 

0,217 

.680 
(10 8781 

1676 
(10,778) 

2951 
(9 7771 

2,940
(9.6381 

.. 
-

--

.. 
-

0009 
(0.252) 

0.326 
0.326 

0.326 

0.436 
(23251 

0.223 
t0.576 

0.287 
(104481 

0.003 
10.098) 

0.410 

. . . 



Equity implications
of technology changes 

RANDOLPH BARKER and FROBET W HERDT 

Ihe L pctcntialls labor.s ing inputs sudh asher rhides.tractois, and tlr~hur.N has incrc iscd in soilLc ili.as studied, Theldoptin, j ll (1rn rice Sa riclitus
1nereisc 1& heun acoLLpanicd ky ;Inins labor tIC pcr hclear relliiushafp s\as fotauld bcltwsal.C t 1en lh. ( stI nOsI I )\5-aACr,adhiptia )lf lb rs avin,nMo
l]raetICC sand lhange in laor Smallus. iarts ha lageed 
signiliean y behind large f.armls ill the adoptionl of lahor.,a'ili 

n 1 0i, OI L " ' l rjiloth ad op ti n o t c h i l)oa y h at w tmld 
illcr le .dlIC I 'clda ill I, is Ir td bi ni n bai n ne, a 
aiid ajJhigert Ilevel of ti n.li sa e rvt1 iot~e inond)a1I th neia. and :Pakismstan. harge hi rnrs c(insistntlh u,,ed hilees of fer ilier and abia incd i Ljkhr Nicclds. 

APROtL'(TION practices aretin frequently associatcd with the inlroduc­(oI' modern rice varieties (MV). They include poteniiall\ yieldincre-asininlputs, such as fertilizcr and insecticides, and potenriallxBsuch Iabor.i, ip­as tractors and tllrshers, I the f rap..growing number owlde. g,- p lll onnd atttr_ there is genecral concern that increasedmchnizatn will aggre\'ate te p yOmn- proble a1d causC atlCSS faOr­able income distrihution.Another issue related to income distribution is thefarmers. which has been lipht of, e smallthe Su-ject of' umerousencics anId research proworksho jsillea'iswell as the major focts of the actiVilics ot,f aclio
i Il . tle context of tchnological changc, it has beenfrmrs. echology beefis lleed that thetile lc laef s atle expense of the smallThese two equitV issuCs are xtln( inl thiS chapter.%kiththe meCaIiOnsh ip beeen the adoption of the 

iTe first section dcals 
new technolog, and labo(r 

•,lc d R , . lldi " Aga t n IuraAtgiculaaral lt larc iI coltlllnics IaIeaaaLaaiaIa l)i i 14i 1 offRiO2 Rese!;aaeh Institute los l3iaos, Lgaa ~ iiiiis 



I CANGEFS IN RICE FARMING84 I IN SELECTED AREAS OF ASIA 

use T1 Second section is c,dcerned with the relationship between farm size,
and access-to the:bcnefits fronrth li wi'ie tlickigY 

CHANGES IN FARMING IRACTICES AND LABOR USE 

The survey data'on changes in labor input are limited because detailed records 
on labor use vere not included in the study. Adoption of modern inputs has 
been affected considerably by the differences in national policies and in farm1 
size and labor availability, Villages in this section were grouped by country 
even though tle villages selected are nlot representative of the country.

Adoption of modern practices. Fertilizer, insecticides, and hand weedin ,are 
c0mmon in all the study areas (Table I). However, herbicides, rotary weedcrs, 
tractors, and threshers (all of whici.might be considered labor-saving prac­
tices) are popular in some areas, but not in others. Tractors were used on more 
than half of the farms surveyed in Malaysia, Pakistan, and the Philippines, but 
were almost completely absent in Java. Herbicides were used on 65% of the 
Philippine farms surveyed, but were rarely used in the other sur'ey viillages. 

The governments of India- Indonesia, and thie Philippines lhavc stro lgV 
supported the use of modern, yield-increasing inputs (Fig ). In Java, 
'Indenesia, parti,ularly, small farm size and the pressure to incrcase yields 
compelled most farmers to use fertilizer ald insecticides even before the 
introducticion Of MV However. in tile survey villages in these three Countries, a 
still substantial increase in the adoption of these inputs acconllpanied the 
introduction of MV. At least 88% or more of the farmers studied in these three 
countries were using fertilizers and insecticides atthe time of the survey, except
that in the Phtilippines 72% of the farmers were using fertilizer (Table 1). (The 
cumulative rate of adoptio-' over time is shown separately for each'input, by
couniry, in Appendix A to E,) 

Tihe widespread concern by farmers that insect and disease damagle was a 
major constraint to increased yields (Table 2) helps to cxplain the rapid rise in 
insecticide use in the survey villages in the Philippines and India (Fig. I),In 

Table 1. Percent adopters of specific rice farming practices in 32 villages In Asia, 1971172, 

Adopters (%) 

Country Villages 
(no.) 

Fertil-
izer 
:* 

Insect-
icide 

Herb-
icicle 

Hand 
weeding 

Rotary 
weeding Tractor 

. 

Thresher 

India 12 99 88 0 81 11 26 9 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Thailand 

5 
2 
2 
9 
2 

99 
93 
76 
72 
69 

92 
45 
58 
97 
71 

0 
6 
0 

65 
8 

87 
na1. 

82 
97 
36 

87 
n1a, 

0 
49 

0 

2 
96 
73 
58 
25 

0 
0 
0 

63 
44 

No available. 
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L. CumlAiVe ralte of adoption by countrN, of specificyield-increasing practicesamong those that tried modern varities al 3 stages: pre-MV, MV year .nd dur­ing sup.ey )ear. Selected countries in Asia. d 

fact, insect and disease damage was regarded as a Problem more often than wasobtaining fcrtilizer or credit. Far-,ers consideriod the MV more susceptiblethan local varieties (I V) to insects and diseases.The rate of adoption of potentially labor-saving technology is not comnen.surate with the adoption of yield-increasing irputs (Fig. 2). A strong associa­tion betweCn the adoption of MV and the adoption of herbicides, tractors, andmechanical threshers appeared'only in the villages surveycd in the Philippines.Tractors were already widely used before the introduction of MV in Pakistan.wherc investment in Iractors followed the profitable introduction of the tubewell irrigation in tie early 1960's. In Malaysia, a sharp increase in tractor useollowd thle adoption of thle new varieties. Only a modest increase in tractor 

.. .. '" ... . l tr clI 
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" 
.......................* . .fa ble.2-.Perce ntagae.-0f farmers indic-ating that ,obtaining..credit ,or fertilizer or "that . ..........
damage caused byinsects and diseases was a major constraint to higher rice yi(!lds in 32 

villages in Asia, 1971,/72 wet season. 

" Farmers (% citing 

Survey country Obtaining 
Insect and 

Villages Fertilizer Cre dit disease damage 
tno.I 

India 12 39 "32 77 
Indonesia 5 16 17 52 
MalaysiaP 2 70 33 n d. 
Pakistan 2 1 41 
Philippines 9 20 21 83 
Thailand 2 52 na. 53 

'Dry season. n. not available. 

use was noted in the sur' ey villages in,Indonesia. India. aid Thailand. %\here 
most farnirs still do not us,: tractors. In fact. in Java. Indonesia, tracttr 
adoption was very low, and herbicide and mechanical threshers were not used 
at all. 

Adoption oftmodern practices alnd changes in labor use. In nearly all IhC 
study(areas. a substantial number of farmers indicated an inlcreas in the use of 

familh and hired labor for pr1,harvest and harvest. operations ater the l ro-

Curnolr odopt~on 1%) 

ILozo.IWMV.t) . j( !1V -r y'fy~l 
8 re- Y, P* tv a-) s. e fu 

re-­

j lYI Kp,:s Frl A.nJi 

Ihat!tried modernl varitie at3 slagc, : prc-e.M-V, MV~ya' awl dinui ,urveyyLc'ar,Selcted on 

i 5or ;:,: /; j 

Id 1 I 
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I Qt Iui y I I - ,( A*1rt ( ) t I II(Table 3. G CI1A N(;~s 87 .Farms reporing changes inrabequitemtarthelntroducton 
i..n 
 gEs,1971!7 2 
29 As i vitlla et 

. r
 

Farms (%) reportingPrearvest labor Harvest & post harvest labor changes 
Hired labor"

Country Family Hired laborlabor Within - FamilyOutside laborV illa ges Within or
( 11.) - OtsideMore Less More Les Morf Less ore Loss More Less MoreIndia LessIndonesia , 27 

Pakistan 5 26 22 
18 3 65

2 12 7 0
4 n. a.8 0 11 1 . .2 0 30Malaysia 0 1 152 51 0 40 651 0 

Philippines 18 36f 51 1 8 
9 57 77 4015 65 17 20 7 27 48Thailand 18 49 14Average' 2 16-. 


,,ied 
3 7
 , om ab 39 528"Fron1 ,ith,,o .... 8 .6 -!r uror oo ,dll ,,aena. '. 6 31 -9d laborfh outs dE to ...... not available. 4 41. 11
. ....... 46
the village tRepresents increas 9ted by number . Prad;,;i-;'-" 15
. -......... 4
t the Plag stj " in ttal labor re"ire .....• incr eas est village.s
-1 1 0 ,aj rdehvilg s.Cncuetd by 'ruruber of villages inealt 
coutrry; excludes Tiland laments. Average Weigh. 

(u-ltc,
of 
tt w eM\!;eo: (atlVlle it) ,t Iblh 3), Tlht notable epXCe',1here:at1d !iahov u l t. ..
werie I)ost IlikC op patternassociated withand tractrmrs, which preceded thIe MV. 

the liln"odtiol
Mre of tulle wells

hiredltlojibohM\an N ar -frs reportd,anittrne e;(
A hthough'l hoth ylabor in most oI the st 

ahr th;an in fanil LVwere tctllnl~n in 
C in 

VN V the Indiai,,C0-- llaes. Indo)nesia." 
 l i vill and .

Palkistanl 
 Slics, l~)10l t101511ip Coutld be disCernelld bet Weenl thle areil1aln t
IVa nlld itlerealse inl pre harv-Nest Jlabor. toreLsult inl a chanlge inl)lo 

it isnot I Vper
inputLl. hitt ollier illptits thatl

a"s eja ted direct lv wil 01nl , sotnle of thlesintshoeeartle adoption of NIVThe prescnce of so nlan'v closeh, associa ted 
" I, ho \C r,re
 

l,2ar-1) fro" 
 these data tile t! re 
Imakes it itpossic toollati
input and tile ellange 

ip btell tile introdLclioll of tsinglcin labor il tile balance,nreased, Additionallh,. labor use, has probabh,,(he rolc of such potcn tialh: labor-saving inr~itshcrhicides and traciors Ilcrits further ilvest ialion. as 
Di la on t l i~rd()
tion \ere ClOSS taulaI


use ill tile Indian and Philippineeithe, ila,,(ae ILI ted with repolted chanedcs in laboradopte' 4). UarnieIS were clssified is,.'llpllor to 7Vr1967 \Cl'c omit ted II the co-lp rison)l 1(T).(l
tractor adopters 1) category is shown inl 
ate iiullbt 

1ppetlix F.) 
crof

4

T°]+hepr-celalfl' 
 rn.lCr-S
hihr amonI IrClJ),till a decre'se itlo,,lrnse
jIjtfg notl-traetmr uise is. In1tile Ph ilippiune %illages, tie pCeetaie

CNersrepo ti was ctlsistetlviin1t in laborpa rII1t , 
i c iglieCij\oi ofItraetor adnption has teided trcto Users.wo acco l pall.Irracl tile :tdop ionl [ofiley1ti11slittaiirell)CItr C ;IleSd aillOwIlIoIIerhicirs Jabot­e ircly used otl',' ill thc Plilippine stud, villiagcs (Tale Ie 

,EEL.
 



S8 ('IIANGILs IN RI(I. I:ARMIN(; IN SII.IC tll) \RI; S (F A,1\ 

Table 4. Percent of tractor adopters 1967/72, and non-adopters reporting an increase, no change, or adecrease in family and hired labor for villages in India and the Philippines, 1971,72. 

Ad op tion... Farniers t ',I reporting... . . .. ........ .. .. .. ...... ...
 
status Increase ir kitior No chanqe Decredse in: laor [Ctouse use 

INDIA (12 villaqe -

Adopter 1967/72 58 9, 2 (0
 
Non-adoptei 44.1 531 28 to0
 

Adopler 1967i72 5.8 48.2 0Non-adopter 73.7 1OO1.40 12.3 100 
H 'o' o ts- ai,nlag? 

Adopter 1967172 60.6 39.4 0 10
Non adopter 602 18 2 216 10 

PHILIPPINES (9 vllaorsi 
Farniy fibber 

Adopter 1987/72 76.2 178 60 100
 
Non-adopter 5.8 163 2/I 100
 

Hire][ labor in vS/lage 
Adopter 1967;72 74.5 224 3.1 IO
 
Not-aaopter 521 189 290 
 100 

Hied labor outside wlae 

Adopter 67/72 32.1 60.' 2.2 100
Non-adopter 21.3 185 60.2 
 100 

,Actual nmibers In Appendix F. 

In tile Philippincs, strvcy have bel colndCtetd river a ratik r rtoad ghog­
raphic area iT]Central Lu-Ion and Laguna, and in the genernil vicini y ofl th 
Gapan survey site to nitor a group of 76 farms for lhe changes tectrring in
 
Slabhor inputs anId ot 
 ing prntc 0f th,,rsurc,, m: oit l;wccd conrltnl roveiieal that thc expanHsionl i)lherichide-useL 
1970I wa concomitant wvith] an increasscd labotr ttsc l'tr 

betweenL 1900Id;111( 
weljit'
 

In 1966. onlyI14 .of the 76 farms surveyed used hrhicides, Wccdinw it11k 
onl1 5 man dlays/ha, 2 man-daYs of which tassupplied 1w hired labor. nI Q70.

38"% (of the 76 farms used nlherhici
atd iscd I I man-days/ha for' eitg, 4 
man-days of which was suplid by hired labm. 

Fiirmers did soei hand weedtn because tl]Cy found that lIrbicides al(nC
fre'quCRtly did nt provide ;idCquatC weed CO10trol. Thus the in iroducliion of 
herbicide,; ,ould have enhanced ri-lI:c- thil :placd weedin labor. In area-is 
whcre weeding ib)r was more readily available, herhicidcs, if id(r,!Cd, would 
tend to substitute fr labor, 

2tIS.225 iii, 11 l :.Rr', ,, ltlrrk,I cdx. Itttd t ree d In"l0, ,/ . Urr.( i,I1"I.", lrjI',,t1 ,"Is."
tj2177 -N o ~ t:m fl r14w P 
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)Introl .fewresourccs and so their incomes are low. Often, the ra tcs of return to 
Ihli few\..t 

She po)verty of small farmers is a result of the small sizC of their holdings-- the, 
)li rces t he\' Con tlot al eeniPlocd heca use 

illso low\. Additionall .lHIC'the larl te"y', Pei.. may he uinder 
h- te it,cChnoI~g~l too smallct fil')hc..I.nge has utilize theirPl'ohlens: hmever, thrn 

tile poIteIial 
erCOlleis conclIern 

t O 
bothnoh~goix thatwhich has e 

reccnt changes in, agricuhuruJg .'Unraftdtchnological tc.
innrationjs thatadopted Iby silll cannotfiCners, he1ilLeviatetJ lla \a,ggraate ccompares • a these Problells rather tianIhis section 


impact of technological clhngc
with that on large farms on ,nmall farms o r('/Nijv(, context, 
Firsl, farIll Size is considered in an IbSO/me, as opposedi.e., withot referenceSecd-I the to the Sirelationship of neighboring far.bet.n/

examined . farm.,,[i, dividin .. ize and new. tchnolog'r into largre and irshlbirsaving technolog. mwithindallis mor l to each village. whilee found o, rm, in ialoch.tions the a hJoption of yicld-incre(asingtechnolog•not (lbSO appears to
0 farm size be c.nrti Med bI..ence a pesonl's'Ind lo thle associated muodern input, i's dlictatedi bY 

access to the new technology 
powehis neighho,-s P(is Positi.on relative tothe village.Yarm size and the adoption of modern inputs. ,iincoVers 30 village;six The analysis in this chapterwere excludedrandomly. because tihe farmsBoth iwrefarm size Per sc not sampledand farm size among rIce-grov;ing villages 

varied makedly inthe stdy, The aerge fa w,s largest in the villages in
Thailand and smallest in Javia, Indonesia (Table 5). The varia bility il
grCa test for ite Indian villages of Pledaplle.. and • bithahl
sizesiz Cranged from less-than 0.5 ha sto over I0 ha.Rice farms in general are very small. Il One-third "t vi 

and \\CC lssthalIhi eah.ill two-tIirds, thle llabotmajority % the majorty were less than 2 hat cch;, farmsvillages. were cs(ll thnlore than 20% 3ha each.In,of the Operating units eiglthe other extrelc tle area f,8( of ti l. 
\ere less than 0.3 ha each. t
wa .4 ha or .more. in .thee
If' asolut. far illa in Thailandize.lit,ile farers in. te adoptilon of new technology\

the second 
tle first set Of villagcs will he igreatly disadVan taged rClalive to('Tfhe dist rup To 

a 
ibution of farm operational units bY farm sile for

suy' dama and f. national statistics is showkn in Appendix G to K.)Thle relationsip between ablute farmIlpractices wasase sscd umulative frt.. 
size anid thle adoption 01 Ai mnodern,Car il fi lhe three sie grou1,s th 

eey uictions show the percentage Ofhad.adop.t
Yea'r(a.c deach Innovation in tie indicatel, Jig, 3). (Som1 may have s1bSeCJtntly Stopped usinglhe innova. 

''o , ,'I' ',iR i .:R tI.I , i 11 +Id (t '.ll ,
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Table 5. Cumulative distribution of operating units (rice-growing farms) by size In 30 villages in Asia,
1971/72. 

Distribution (% 

Av. farm Less or 0,31- 0.50- 1.0- 2.0- 3.0- 4.0- 5.0- 10 ha 
Location equal and 

size (ha) 0.3 0.49 0.90 1.9 2.9 3.9 4.9 9,9 
ha ha ha ha ha ha ha he over 

Cidahu Indonesia 0.5 38 54 82 97 100 
Nganjat, Indonesia 0.5 36 76 85 100 
Korpada, India 0.6 27 44 79 98 100
Kahuman, Indonesia 0.6 25 49 81 100
 
Kandarpur, India 0.6 
 23 54 79 100 
Sidomulyo, Indonesia 0.5 24 66 98 100
 
Tab-ang, Philippines 1.2 
 23 27 52 79 95 100
 
Pluneng, Indonesia 0.5 
 21 33 89 100 
Barain,'India 1.2 147 39 72 90 100
Marcos, Philippines . 1.5 4 12 39 77 91 95 97 100
Pedapulleru, India 4.7 4 7 16 39 59 65 73 87 100
Salor, Malaysia 0.9 4 '23 66 99 100
 
Meranti, Malaysia 1.0 4 17 58 94 99 
 100 
B. Nuwebe, Philippines 1.7 1 3 15 60 90 99 100 
Tarna, India 1.2 0 7 37 74 86 95 100
Gajanur, India 2.4 0 6 23 52 73 88 94 100
Canipa,' Philippines 1.7 0 4 16 61 90 98 100Nong Saral, Thailand 7.8 0 2 2 4 6 8 23 33 100 
Ashoknagar India 2.8 0 2 10 26 58 78 94 100Hosahally, India 4.8 0 2 7 14 40 47 61 93 100
Sinayawar, Philippines 2.2 0 1 15 57 79 88 93 100
Maluao, Philippines 2.9 0 0 8 44 80' 88 92 100 
Capayuran, Philippines 1.9 0 0 3 45 83 97 100
Malimba, Philippines 3.1 0 0 2 11 44 88 92 100
Bulucaon, Philippines 2.0 0 0 0 28 98 100
 
Sao Nicolas, Philippines 2.5 
 0 0 0 20 54 92 96 100 
Mahipon, Philippines 3.8 0 0 0 4 18 61 83 100Rai Rot Thailand 7.0 0 *0 0 4 4 17 23 85 100
 
Sa Krachom, Thailand 7,8 0 
 0 0 2 7 18 25 75 100 
Cabpangi, Philippines 3.9 0 0 0 0 40 46 92 100 

tion.) The small farmers in the study sample adopted MV.fertilizer, and 
insecticides before the farmers in the medium and large size farms, with more
than 80% eventually adopting inall three groups, In contrast, small farmers did 
not adopt herbicides or mechanical threshers, while 30 to 40% of those in large
and medium farms adopted them. Tractors were adopted by 70% of the large
farms in the sample, by about 30% of the medium size units, and by 25% of the 
small units,. 

Farm size is much more variable than family size (Introduction, Table I).
The large farm operator has the option of hiring labor or using labor-saving
technology. Whether the more rapid adopt.on of labor-saving technology on 
the larger farms is a reflection of any shortage of hired labor inpeak work 
periods is difficult to say. But the tendency to encourage mechanization 
trough subsidized loans insome cou ntries suggests that the rate of mechaniza­

tion in some areas may be influenced by the capital bias in national policies.
1hese data do not support the hyp.)thesis that small farmers have ingeneral 

3
4 f 3 4. - , . . .
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IO.'.'ICA fJtTable 6: Cumulativeed 'IY1IANGESt 9e dption of s e 
 c 

fmrmers In selectedareas InAsia, 1971/72. 

Cumulativerrcice, rote (%farm of ,adoption- 1961--
1900-
 1961­

19 60 -- .-­1966 ­1967 ­1968 '- 1969 vu1970 19711971 19721 h~a,2r less'~ -19
I t3 13 HYV01.1 to 3.0 13 35 69Over 3 'ha 0 85

9 277 5656 8989 
8900 77 9319 34 9849 939 99 9968 92 92 

.h or less 

ov o3-

1ha or lbss 

23 

1014 

55 

34
50 

73 

48
61 

Insecticide 

92 

64 
73 

96 

78 
81 

97 

83 
80 

98 

86 
90 

98 

88 
91 

1,1to3 0over3ha 
23126 

393932 
645345 

Herbicide 

84
6752 

89 
8762 

92 
9470 

93 
983 

93 

83 
to 0 

over 3 ha 
1.1 oj 0 

1 ha or lessI Ito3,0 

ovor 3over 3 ho 

! ha or loss 

0 
12 

0 
63 

0 
18
8 

e 

18 
1327 

0 
23 
1 

rrctor 
19 
1639. 

0 0 
27 38 
27538 

18 21 

20 21 
21 2948 56
4 56 

0
39 

-- 23 

25 
31 

63 

" 
0 

40 

23 

25 
32 

71 

0 
400 

23 

25
32 

71Mechanical thresherOver 3 hato 3.0 

ov.r 80.0 120 115 19 22 1 121 31 130 32 135 33
39 

33
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lagged behind large farmers in the adoptioitlM echnology that would increase 
their yields, income and employment. However, related requireCnits of the 
new technology may limit small farmers who may, for example, have more 
difficult' obtaining credit or fertilizer. They may have less favorable natural 
resource endowments and, as a consequence, may be more restricted by lack of 
water or the presence of uncontrolled insects and pests. Relative farm size 
within a community and the degree of concentration ofowvnership may he more 
relevant than absolute farm size when considering access to and benefits from 
the new rice technology. 

Effect of relative farm size.. The hypothesis that small farms within a 'illage 
have significantly more problens in obtaining, inputs and have benefitcd less 
than large farms from the introduction of MV Was tested. Villages were ranked 
according to the degree of dispersion in the size of farm operating units within 
the village. The Gini coefficient, a measure of the degree of dispersion, was 
computed for each village. Seven size categories ranging from small (less than 
0.3 ha) to large (over 5 ha) were established. The Lorenz curve was drawn by 
plotting the cumulative percentage of area against cumulative percentage of 
holdings in each size category (Fiig. 4, Appendix L). The Gini coefficient or 
ratio is the area between the Lorenz curve and the diagonal as a percentage of 
the total area under the diagonal, (See Appendix M for the computational 
procedure.) 

If all the operatinig units were of equal size, the Gini coefficient would be 

Cumulfve percent of area 

80 ." 

460 , / 

(R:OI31
 

20* 
2Pedapulleru
 

. . , 056) 

0 j I I 
0 20 40 60 80 1w 

Curnulalive percent of hotdrUns 

4. Lorenz curves showing percent distribution of holdings 
for Asian villages having -ne highest and lowest Giri ratios. 

sit •, •I lS 
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zero- Alternatively, if the bulk of landholdings were operated in a very fewIarge"units but there were many smallIholdings, the Coefficient would a)proachI as a maximum. The highest coefficient was 0.56 for Pedapulleru (a village inthe West CGodavari delt, Andhra Pradesh, India) where approximately 20%of' the largiest farmers operate 60% of the land (Appendix N). The lowestcoefficient was in San Nicolas. a village in Ccntral Luzon, Philippines. Thisvillage has a high rate of 'tenancy, and tenant-operated units arc of fairlyuniform size. Variability in size of the farm operating unit is only one measureof equity in resource ownership; tenancy is another.When villages were ranked from high to low according to Gini ratio (Table7), no relationship could be discemd between the Gini ratio (equality in size of 
Table 7. Size and tenure status of rice farms, ranked from high to low Gini coefficient, in 30 villages inAsi, 1971/72. 

Tenure statusa 

Village, country Gini Av, size Purecoefficient Pureof farm owners.... ............ tenant
(ha) (%) %
 

GroupPodapulleru, India 0.56
Maluao, Philippines 0.46 

4.7 41 32
 
Tab-ang, Philippines 2.9 44 53
0.43 1.2Barain, India 33 570.43 1.2Tarna, India 100 00.42 1.2Marcos, Philippines 100 00.38 14Sinayawan, Philippines 

1.5 860.38 2,2
Gajanur, India 14 860.38 2.4Cidahu, Indonesia 0,36 n.a, n.a.0.5Nganjat, Indonesia 90 10.34 0.5 80 4 

Group IIHosahally, India 0,34 4.8Kandarpur, India n.a. na,0.32 0.6Korpada, India 49 90.32 0.6Kahuman, Indonesia 620.30 50.6 67B.Nuwebe, Philippines 20.28

Meranti, W. Malaysia 0.27 

1,7 8 92

1.0Canipa, Philippines 3 170.27 1,7 17Ashoknagar, India 77.

0.27 2.8Sa Krachorn, Thailand na. n.a.0.25 
 7.8Bulucaon, Philippines 0.25 2.0 
634 13
 

6 
 91
 

Group 11/Pluneng, Indonesia 0,25 0.5Sidomulyo, Indonesia 71 20,25 0,5 86Nong Sarai, Thailand 70.24 7.8Salor, W. Melaysia 66 5
 
Cepeyuran, Philippines 

0,24 0.9 11
58 
1.9Cabpangi, Philippines 

0.22 14 860.22
Malimba, Philipplnes 0,20 

3.9 100 0 
Ral Rot, Theiland 3.1 9 590,18
Mahipon, Philippines 7.0 75 6

3.8Sar Nicolas, Philippines 
0.17 25 260.13 . . 2.5 16 56 

-in.0. not availablo 

I,, . 
.ANA 
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Cumula(Ive adopiO)n (%
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Group .of vilaesinAs 

60 / 
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Inon si. I Ra Rot.... ha ld l t/ te lvin, t G iic cfwc t o.Gini coefficients, farm .Net far va ucsand y of adoption of modcr e in groups of v'illages in Asia.
 
and til fan size small.=,) 
 6 

operating units) and the average farm size in a village.0 11a --e -.- r _ e nt-o- For eximple, the Gini- _ L er L u i 1 Lrc ca.... e oreL 10 based til._.-CJ-d-.h 
ratio was high in a village with a large average farm size such as Pdapulern. 
India, and also in a illage with small average fa m size sUth as Cidahu, 
Indonesia. In Rai Rot, Thailand, on the other h'nd, the Gini co licient was low 
and the farm size large; iniSidomUhlo Indonesia, the Gini cOl icien was low
and the farm size small, 

Villages were grouped into three categories of 10, based on the level of the 
Gini coefficient (Table 7) Next, all farmers in each village were classified into 
"large"'and small," based on the median farm size in that village, T[hen, the 
degree to which the access to new inputs and benietits,from the new tchnohlg, 
was related to farm size and dispersion in size of operating units (as measured
by the Gini coeffizient) was determined. 

*Examination f the cumuhltive percentage of adoption of MV' over timecfor 
eachi of the three villaige groups (Fig. 5)revealled that even in Gnroup 1 with a 

""high Gini cocjflicient, the difference in the rate of adopion of new varieties
between Smell and large farms was not significat.t Howevcr, in Pedhapullern, 
whichi has iehighest G3ini coefficient, the difference between small and large 

:farmis w,,as marked. 

_ _ _ _ _-. -. . . . . - .. -. . ... 
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Table 8, Average percentage of rice farms, ranked by Gini coefficient,,' in each of three village groupsreporting obtaining fertilizer or credit as a constraint. Selected areas of Asia, 1971/72. 

Farms (%) reporting constraint 

or credit. See Arpendia 
of ltrrirs reportmg a problem in obtaining fertilizer 

Village Gini Av s ize FurtilizI Credit 
. group 

. . coOfficient ....... of farm)tha/ Small Largo Small Largo 

1!11 
0.43
0 300,21 

211.729 
61307 

473550 
492944 

402642 

'aisod onrvillig(sin orOt group with 1f or mor,
0e 

F'1art,,rs ill each villkieerC tsked whether diflieitltv in cthlaining, iertilizr 
i credit was a mljolr Cn()istraint inl obhtainn higher yidds. in appro+xim+ately

tird oftht1ie \illg:s. falmrs reportl, d littleome r nO r)()blem ill OhlaiinL,furtiije til crtdit. I his is perlhas nI(it supr-ising bec(lse t1e ilk:s \1,1k:Ct 
s klctdlIhe busts siIit bilitCv )r the adltion t'MV. atid aCCeSSt tflwa;s oneL criter'ionl. Ai't11g ilth IC111;ti11i11 Itwt-tirds lhe It)Inputsoft vllhies. where, 
ferliizt and C'edit atailabilit, 'as ikitllieid i, 
. I( (W"7 oI the cases, tile 1 centge0;1 il.alllt and larg2 1'arm 

yl a-i rs a.is problem in at 

rs rI.lpouit ag thisprblem was esttmatd, Ttrc waaI h 21r4 variabilit\ I1 " 'olly,: '" 
t:,T)II'sueC aInllg viihttz..s (Aplndi..l\ ()). itn (rutp I (1hi-1h Gini Coefficient).howm',r, ;I sig il'iantly highcr nmwnbe.r dnmill thamf(1 harge fr'ers repolrted 

PahcInl ( Ie sut.farml.l th V tw tha s',izle \is not ti inpo;tail 
Thet'u'm."r. v,, >.ed \vhie.11hcr protit horn' , 1'"(11 '. ;litd the level oft livin~g we I.e 

highter 1ti, than i t.ite period ifter tite introdttcion of' MV (itable ). Appendix
P). Ahont two-ihirds repoted higher prolits f ro ri. hut the number report­in a hilher 1\'el oi' livingise was considcrably lower. Significantlyi fe\Cr smallfarmers thlarg far;iii1+rs in G;ro~up I repor;lted athigherF leve l of livine, 

Pellh; til,111(.,,t iilI it iln(iiclit)|1)1O the ,f'ft< o" f1ar11 siz: is t%Corlpa':Iri,,oi (4 actuil I odtction attd inptit lts (m ,o VIN'',,lIS s'lmll fL1',11.
Yield per Itcctte atil NPK hcMlper aIte reCprteCd lrsmall andlatrge farms 

Table 9. Average percemage of farms in each of the three village groups reporting higher profit frontrice or level of living, ranked by Gini coefficient, selected areas ol Asia, 1971/72......... ............. .. .... .~. .
 
... .. ...... - . 

Farmers reporting increase (%) 
Gini Av. size . Profit from rice Level of livingVillage coefficient of tel-r'm 

gfroup (hai SII Large Small Laiqe 
I ,0.41 1. , 64: 42II 59029 24 '2 71 57'" 60II! 0.21 . 3,2 76 73 71 71 

,Ten villageosn ecctr group ranked according to Gini cofficient, See Appdix . 
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Table 10. Yield and NPK input on large versus small farms in 32 Asian villages, 1971/72 wet season. 

Yield (t/ha) NPK (kg/ha) 

LOcation Large Small Differenceb Large Small Differencen 
farms farms farms farms 

India 
D. Vijaypur, U. Pradesh 6.5 5.2 1.3 229 94 135' 
Tarna,U, Pradesh 
Barain, U. Pradesh 
Kandarpur, Orissa 
Korpada, Orissa 

4.5 
4.7 
3.7 
2,5 

4.0 
4.2 
2.4 
1.7 

0.5 
0.5 
1.31 
0.8-

144 
121 
116 
99 

114 
92 
53 
50 

30 
29 
63' 
491. 

Pedapulleru, A.Pradesh 3.8 3,0 0.8 62 49 13.1 
Gajanur, Mysore 
Hosahally, Mysore 
Ashoknegar, Mysore 
Kariyamangalam. Tamil Nadu' 
Palvarthuvenran, Tamil Nadu 
Manmelai,Tamil Nadu a 

5.3 
4.7 
3.4 
4.1 
4.7 
6.8 

4.2 
3.6 
2.5 
3.9 
5.0 
5.5 

0.9* 
1.1 
0.9 
0,2 

-0.3 
1.3* 

1P7 
138 
132 
222 
206 
375 

150 
89 

107 
224 
206 
232 

37 
49 
25 
-2 

0 
143-

Indonesia 
Nganjat, Central Java 
Kahurnan, Central Java 

4.5 
8.0 

2.5 
5.1 

2.0* 
2.9 

111 
160 

55 
107 

56" 
53 

Pluneng, Central Java 
Sidomulyo, East Java 

5.2 
4.9 

4.3 
4.2 

0.9 
0.71 

112 
123 

89 
93 

24 
30 

Cidahu, West Java 3.9 2.5 1.4"* 122 dO 42' 
Malaysia 

Salor, Kelantan 2.4 2.6 -0.2 106 114 -8 
Meranti, Kelantan 1.9 2.1 -0.2 81 98 -17 

Pakistan 
Aroop, Punjab a 

3.8 3.6 0.2 39 27 12 
Maraliwala, Punjaba 3.0 3.0 0 53 35 18, 

Philippines 

San Nicolas, Nueva Ecija 
Malimba, Nueva Ecija 

2.4 
2,1 

34 
2.2 

0 
0.1 

92 
64 

86 
63 

b 
1 

Canipa, Loyte 
Marcos, Leyte 
Tab-ang, Leyte 
Bulucaon, Cotabato 

1.9 
2.9 
1.2 
2.7 

2.3 
3.7 
1.9 
3,3 

-0.4 
-0.8 
-0.7 
-0.6 

12 
30 
40 
11 

28 
30 
45 
13 

101 
0 

,- 5 
- 2 

Capayuran, Cotabato 2.1 2.5 -0.4 14 11 3 
Beynte Nuwebe, Davao 3.0 3.2 -0.2 40 40 0 
Sinayawan, Davao 2.9 2.2 0)7 25 19 6 

Thailand --

Rai Rot, Suphan Bun 
Nong Sarai, Suphan Buri 

4,0 
2.8 

4.2 
2.6 

-0.2 
0.2 

37 
28 

39 
23 

- 2 
5 

5HYadptesnly tiSttj~ica~ysignificant at l% significant at 1%level,evel. '*Statistically 

by village (Table 10). It is frequently hypothcsi; :tas a result (d greater
intensity inlabor use, snall farms will obtain higher yields than will large farms. 
On the other hand, large farms will be expected 1o usc nIorefrtilizer per
hectare tlan Snall farms, perhaps offsetting this yield advantage. 

Differences by country were striking. In India, Indonesia, and Pa1kislan, 
fertilizer input and yield were consistently higher for the large firrls, and the 
differences were frequently statistically significant, In the Philippinc, 
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Table 11. Ratio of rice farm owners to tenants reporting availablity of fertilizer orn.the.. . .
 Sele cted village s In Asia , 197 1/ 72,i it constraint
C r as a c 

Farmers reporting constjraiflts 1%)oation loainof Owners astenants Fertilizer 
.. nants.Ow Cei
ners Tenants

Meranti, W, Malaysia 250 -----Pedapuleru, India 72 19 O~res T nants 
Mahipon, Philippines 130 

42 

130 72Maluao, Philippine's 41 - 9 12Tab-ang, Philippines 80 2 

60 46San Nicolas, Philippines 100 100 62 
Canipa, Philippines 30 1 1 3 

Only~2wihroeta1~ 2 3e 

20la...... 22
n7 T '' ... . .
 ... 32
only Vita--.. ..0with more 15than 15% pure tenants or pure owners were selected-. 

MaIaysia, and Thailand, ontiliier Input 
the other hand, the differences inwcre not significant, and yield aid fer­yields in small farms :ended t)besonmewlh)t highernthan thoseilendll toC Cnt on large farms. Villages

Athou in the latier group of 
have smaller Gini Coefficicilts (Table 7).he villages are not representative of the Count-ieS inqueStion h 

results are consistent and suggest that the implications fr nenw tchnology with• 
respecl
ClIoselCto small famCers differ m,arkedly [Tom

. ede" o..
loselrlated to h " . ,,,N, oneC h.)loeC UII to ZillOtller'l 
be argued in the Philippine thle tenur. it mig, 

thle (queLtion (tf farm size isthe issue o 
r wtoano0tr 

case, forextrmel •xallhe where tcy rates are 
rather thain 

high. that thle major inequity exists bct\\een landowner and tenantbetween large and small farmers.Ill
sonic cases, smIall owner-operat(lrs and tenaMnls farmed side by side in the
samllage. Inl echI 
 Iofthe stud, villages,
predomuinantly all farms tended itobe eitlher
owner operated orhad at least 15% teIant operated 1o1m'everpurem ,owners sevenad villagesre tenats. Itthese villages, gains from the 

was hypothsized thtll 
operators than for thten ..

new t\:Cchnolog WOUld be greater for theli 
I 

an.s. In.
India, where -ran-t,Malaysia,ile oWner grot 
W. and hdapwer­was domi-Ill- bei t, the propoiOn Of nesw report.ts frm. tle nw teoloig) xas larger thlan that ul tenans (T'able12), But illthe Philippine villages Iwhere tenants arekeuently thle doinantgroup in the village and tle f...-1size of o\\nrethali of the tenalts. n1o such pat tern 

isCom1palable \k ilt 
was fou nd. 

""ONCLUSIONSA wile variamion in th Irate of adoptioMf inuits apeatsFe rilie.and ins-ectleide adoqtio to exist amona tea s.for mOdern.. va,ieties ..
1\.)w....
. igl!Oll
il lost
areas, while the use of tiacs. the-Sh..S,and herbicidsreportedil creased on was oith-in C 

Iired 
1a1v Iarms a'tr the i:lntdulotctiIlin hi .c labor was o. useI,,u.t t"l:iii an11,-u, . ..... ,! mle ase ouutn of Mill Jii,.....
in faitally labor. No elear....
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Table 12. Ratio ol owners to tenants reporlling increased profits from riceand lovel of living with thcIntroduction of modern rice varileies, selected villages li Asin 1971/72" 

Fanrms reporting irfreaseo in (0: 

Ownels as Profit from rice Level of livingLocation % of tenants . Owners Tonants Owners Tonants 
Moranti, W. Malaysia 250 64 78 57 11Pedpulleru, India 130 44 10 21Mahipon, Philippines 100 78 74 

14 
7Jl 74Maluao, Philippines . B0 B7Tabang, Philippines 75 B7 856'. 38 64 27 11San Nicolas, Philippines 30 1o 93 89 93Conpa, Philippines 20 78 69 56 41 

"Only villages wilh more than 15% pure telantF arId puro owners were selectUd. 

relationship was apparen betwei a ch;inge in farm labor and IhIlc adoption )fmodern praclicts, A iolore Ihorough ill\'Cstigaioln o. the impact of new t'cIh­nlogy on employicnt reqirles imre in formation than thaithilhinithe silcope of 
this study.

Small flrils have lagged behild larige Iarjs in the ad(ltion of technologythat would reduce I'b r. but t in tlhe adoplin f techllh),ohgthat Would raiseyields and ill'etloe, Farns were divided into hrge and siall. hased oltl relativesize in eact village. The notion that thile rich gel ri'her a id the loor gel

poorer'* isqutestiolable becilse 
 leailv all fhils'. I.,-,rge and st;xill, reportedeither an increase or no change in piroils froml rice and ;il the level'of living.Ilfowever, tile henlefils from the iilc\ technology wrc clearly associ atel withfarll size in sone villages. In the Indiall, Indonesian, an(, ;akistarI sites, I'al'refarmers applied more fcrtilizer a1nd obtained highe r yields than did sallfarmners. In Contrast,iertilizer inpul and y,ields in the Philippines. Mallysia, amdThailand didi nlot differ signilicinlyd b li'rtn size. "This ug teslhlt inSti intIillnaidifferences ii) rllia| an11d flarn it;tin illiltice e ilatioliship betwl 

the introduclion of new t clwogy and irm size. 

.1' 
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,Iy'tx A. CutuIlhsliVe reported rule o1' Uol)plit Or feLrtilizer t,., it..31 %eh.ledtNjAhuvillages, 1971/72. 

Farms W%)that tried using forlilizers 
.... .• UcIrs. .
 ... 
 . in
Country Villages 1900- 1961. 

(no.) 1960 1960 
1972 

1967 1968 1969 
 1970 1971 1972 Wt Dr
India 
 111" 6 
 41 60 
 70 91 
 97 98
Indonesia 100 99 1005 32 75 81Pakistan 94 992 99 99 .27 62 65 99 9672 79Philippines 80 819 15 33 81 76 n..b51 67Thailand 2 
77 80 83 $4 722 20 76M alayslor 27 38269 50 61 76 
 b2 69 8
 

2
 
aExchos Bartionwhich Was Clahliied as poorly Irrgae
bDate of adoption of fotilizer use I, henitil phase of tho
the two Malayslan villages abas.was not dvailalte.tai 

.­

AV't NIx 13, (CII ttlnI; (i rtp led rulh, ola'=doprion o'rhl.secticide tse in 31 selected Asiaivilhlages, 1971/72, 

F irms ll that tried using insecticides
 
Country 
 Villages 1900. 1961­(no,1 1960 1966 1967 1968 
 1969 1970. 1971 
 1972 1972


India 11" 3 31 48
Indonesia 63 80 89 915 31 91 8868 74Pakistan 92 93 96 96 962 4 9 9 92 
Philippines 25 42 55 589 16 58 5843 59
Thailand 75 89 95 972 5 97 9732 39 42 50 56 76 76 71Malaysia," 2 

'Excld farain which 45 45


0 was classifiedj as poorly Irrigated in the initial phase at the stu'dy.
acoption, of insecticide use in the 2 Malaysian village Date -of
 
wa nt available. 

ACiu.nI ( . ItIultzlie r'lcPttId ruIle of' (dlt)lion till'herlbicide ow inl 31 selecled Asian

villages, 1971/72.
 

Farms 1%) that Users in 1972tried using herbicides -_ ._-_
Country Villages Pre' 

-_ 

•r Village' - Hand RotaryPre6 1Herb..no). 1966 1967 1968 1969 1970 weod- weed­1971 1972 ic(de ing dingIndia 11" 1 1Indonesia 2 2 2 25 0 0 2 0 81 110Pakistan 0 0 0 02 0 0 87 870 0 0 0Philippine 0 0 09 82 032 45 
 51 67 71Thailand 72 72 65 97
2 4 496 6 7 10 10 10 8 36Malaysia8 0 
6 0 0Excludes Barain wihch was classified 


adopton Ofherbide use 
as Poorly irrigated in)tte initIal phase of the sludy.-in the 2 Malaysian villages was aoi~ofnot available, 
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AiI NIH\]).C. aInittlj', ruport vditlqs 1 ' ahopt 1I itrLorI"idOlilrvil I seltCI 'd ASi an 
villages, 1971172. 

Farms %} that tried using tractors
 

Country Villages 1900- 1961-
 Users in
(no.) 1960 1966 1967 1968 1969 1970 1971 1972 1972
 

India 
 11 0 9 11 13 20 22 21 27 26ItnrWonesla 5 0 0 1 3 5 14 15 15 2Pakistan 2 3 46 57 67 72 73 73 73 73Philippines 9 t0 24 37 46 57 61 61 F1 58Thailand 2 0 5 0 9 15 22 33 33 25Malaysiab 2 96 96 
"Excludes Barin which wasclassified as! poorly lirigatoid in theu initial phasel of 11hetudy. ItU~l, )adoption of tractor use in tIh2 Malaysian villages was not available. 

t'\t nm\ L, (.ttttLnalkt,rCirl 'ld 1ft41c adoplion of itechaihal hiihr fshorI riot.in 3 1ce 


NtIlcvfed A&ian iillngcs, 1971/72.
 

Farms (%) that tried using mecharnical threshers
 
Country Villages 1900- 1961. 
 Users inl 

(no.) 1960 1966 1967 1968 
 1969 1970 1972
1971 1972
 
India 


11a 0 8
7 9 9 9 9 9
Indonesia 9
5 0 0 0 
 0 0 0
0 0 0
Pakistan 2 0 0 0 0 0 0 00 0Philippines 9 19 27 38 50 62 65 65 66 63Thailand 2 1 6 11 27 38 45 55 55 44Malaysiab 2 0 0 0 0 0 0 0 0 0 
aExcludes Parain which was clas~sified atspoorly irrigated In the initial phase of ther study, iDahi, ofadoption of mechanical thresher use in the two Malaysian villages was not available. 

AlPiENuj\ I;, Number of' tracoj adopters 1967/72, prior to 1967, and ilti-adopmer%
reporting an increase, no change, or a decrease in finily and hired labor for villages in
 
India and the Philippines.
 

Adoption dtIndia .. _ . (12 vIllages) Philipplnes (12 villages)= .. -

Status Increase No change Decrease Increase No change Decrease 

Family labor
Adopter 1967-72 
 8 131 0 77 18 6
Adopter pro-1967 19 48 
 1 109 54
Non-adopter 192 231 12 
40 

135 41 75 

H/irud in s4ilaye
Adopter 1967-72 74 69 
 0 73 22 
 3
Adopter pro-1967 . 58 19 5 150 . 42 12Non-adopter 37i 71 62 124 45 69 

Hired outside villog-i
Adopter 1967-72 86 56 0 9 17 . 2Adopter pre-1967 58 10 3 58 29Non'adciptr 278 84 100 

28 
23 20 65 
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Aii s ImIF' l"11l il~I ng lit It I b Iairut site g.rotip , se levied Asian contuf rj1t's, 197 1,72. 

Farm operating units I%) by size group 
0.5 1.1- 2.1 3.1 5.1-- 10.1- OverCountly Total'0,Sh 1.0 he 2.0 ha 3.0 Jh 5.0 ha 10.0 ha20.0 ha20.0 ha farms Year
 

India"' 
 18.3 21:6 22.4Indonesia" 12.4 14.8 5.9 3.6 1.0 49,87443.6 26.5 18.2 57 1961
Pakititanh 15.2 17.6 16.6 

3.5 1.8 0.5 0,2 12,236 1963
 
Thailand1 12.0 15.6 15.0 8.0 4,860 1960
10.2 8,3 169Philippinosu 21,8 19,7 18.0 4.9 0,2 3,2144.1 19637A 29.6Malaysia (Wostih 10.2 35.1 

21.2 18.7 13.4 4.6 1.0 2,166 196022.0 16,0 12.7 2.9rotal far")$ 0.9 02 450 196015,640 15469 15,662 8,513 9,649 4,790 565% of total 21.5 2,512 72,80021.3 21. 11.7 13.3of area 1.9 5,16 6.6 3A 0.8 100.012.1 11.0 21,2 187 19.7 9.8 1000
 . lurce: conomrics and Statist cs, 
Directorate of "Indian Ilrereport Brief, ! 1h d.bSource FA0on the 1960 World Census of Airic-Ilture'StatisticalOffice, Statistical Yearbook, ThailandNo 
Included in previous size €lass d Source: National29, 197071. "Source: Burau o •CnsusandStatis. tics, 1960 Census of Agriculture, 

NtJ .1.I,' I'i'ti :treu hy fa'nt.size grioup. selet'ld A.ial countries, 1971/72, 

Farm area I%) by size group 
0.5- 1.1-Country 2,1- 3.1- 5,1-0.5 ha 1.0 ha 2.0 ha 3.0 ha 5.0 ha 

10.1 Over Total area10.0 ha 20.0 ha 20.0 ha (thotj and Year 
hal 

Percent of arvaIndia5 
1.3 5,5 12.2 11.3Indonesial) 11.4 17.3 22.8 

23.0 16.8 17.9 11.9 132,686 196112.5 12.3Pakistanb 0.7 2.8 
11.2 6.9 5.6 12,884 19636.0 7.2Thailand($ 1.4 1.2 9.7 

15.0 25.6 42. C 19,800 196010.9 21.8 34.1 18.9 2.0 11,149 1963Malaysia (Westb 3 1,3 10.2 12.9 18.4 23.71.4 1318 15.3 17.9 7,773 1960Total farms 17.4 19.9 26.7 10.73,503 10,425 22,404 20,444 39,227 6.5 3,5 906 1960%of total 1.9 5.6 34,558 36,489 18,148 185,19812.1 11.0 21.2 18.7 19.7 9.8 100,0

,qource; Directorate of Economics and Statistics, "Indian oqriCLtu
-riet,'1thinrepott an the 1960 World Census of Agriculure; 'Included ed... bSourc. FAOStatistical Office, Statistical Yearbook, Thailand No,.29, 

in previous size clans; dSource: National1970.1. "Source:Statistics, 1960 Census of Agriculture. 
Bureau of Census atid 
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A'PTE \i)\ . continued 

Cum ulative Philipolnof holdings e s hnd a .. .. . eSia 

Survev ---
FAO Survey o, a.alahiaailand..... ........... F-----
. .. .. . ... .data data d-t FA S"urve v, F AkO S -- , -iy FAG -- r-----Thai FndFA
 

90d. ta . data daa data data ,a, 
a a data 

100
95 
 77 7 ata86 74
Gini coefficient 8_U 
100 10 0 -7
5-.
 EO-~ 3 u "0 100 0 •­

......
 
0.29 0 .4 8 0 3 5 0 5 0 5-0 

71,rt~j Ii-r n 
P - I ndi a i r.1I uni ..
,l ( ra-i() (,r
- '-Ir~ j()ll ftrln ',i. 1 1 , I t~~ h P Vi(11tjll
a.. n ~,dai) ru " A-ld h rki 

r s e .
No. d ., dstr,- Cumulative .
 
l fF arm 0!dn; • df AqNb;.No. cutton Aggreviat- 1 0 agtregat buto X -1n iXi.Yerof but,on of Xn oe dstr>­ r"b' i
l ig ()h
, 00) Ihold gs
 

0.3 or ess 7 . 5 a gregae
0 - - 9 ,) 


0
031 0,49 6 874 0 . . . .
 . . .
 . 0 
.0-
 9
29 16
23 943.70 874 1
4 0 - 249 37 2059 -,20 4 17 .7 12 is39 7
S7
30-39 3432-
114 0- 49 6 65 1

15 3496 48 73 17 0;S6118 663 41321 2S100 & 5950-99e 176529,
24 14 87
26 134281, 0112e 19230Total 00 1043705 22
185 221100 0 50 73 1820 1532 287
185 2)8 
 5;'i ....... 507a 100 37
......... 87
87- 0036
100 " 365o 2436 1
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G n rt:o R t y, . 11mx-- 1). . - 7 
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"Less than 1%.
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Au1dhra Pradl,'Oh 
Pedapul rio 1 :3 t 10 13 1H 1 do b/ P,, 10)0

Orissi, 

KandlaRjr 32 3 6 1 1 18 24 33 44 w28 1' Il, 1)111 
KouQai .32 6 :1 W 60 It3 18 :2,5 b /G 1m) 

CGlral Jiivj 
Nanat 34 2 10 21 42 6. 8 M1 5 17 33 .1 5 1/H

West Java 

CmIahu A6 2 5 9 14 20 ;19 39 44 72 HI 1(10 

Ke;arilan
 
SaIor 24 15 30 i
3 8 23 40 50 6 M- W 10) 
Meranti 27 3 R1 14 21 0 38 60 "1, HO W1 1) 

SupanO nul
 
R Rot 1H 4 10 16 
 'b 33 .1. f, .H H2 90 1)( 
Norrg Sala, 24 4 10 6 24 33t 41 hi 63 76 1b 10 
Sa Krachomr 25 3 7 14 21 30 ,1) 0 63 7 1)1 10Ht
 

Nueva hFQcI, 

San Niolas .13 3 10 18 21 is 45 b'i 69i H3 s 110, 
Malmtra .20 5 11 19 26 ?5 4 5 ru BIh J IM0) 
MaNhpon .17 5 12 1 i 22;' "I" 6 8 ) i 10) 

Leyte 
Ma fc .38 2 5 10 10 21 A1 41 5 A IIH 10) 
Carupa 27 4 9 1,l 20 .' ")i 40 63 / 117 100 
Tab-ang 43 2 5 01 13 19 21 4(1 04 /0 1k I1 

Oavao 
Beynt& NuwAbn 28 3 B 14 21 1i0 i) rb HO 1H39 510 t 0 
Smayawai 38 3 1? 12 12 13 A0 40 ,2 ," N 100 

Cotabato 
Bu!ucauor 25 4 9 18 23 A7 42 51 8,1 10 100
 

Mean 3 RI 2 19 2),h 36 ,d/ 10 76 10 WO
 

India
 

Ultar Pradesh
 
Ohanpur-V~jaypur 28 3 7 13 20 27 35 44 
 b/ 15 is 100 

Mysore 
Gamaur .38 2 6 11 11 24 33 43 5b 11 81 100 
Hoahally .34 2 6 11 13 26 44 Ob 69 H13 90 100 
Ashoknagar .27 3 B 15 22 30 ,40 h1 64 i1 86 100 

Inrdonesia 

East Java
 
Sidomulyo 25 4 10 17 24 40 51 62 89
30 8(1 100 

Central Java
 
Plmneng 25 4 9 15 23 42 S1 62 86
32 1/ 100 
Kahuman .30 6 11 35 623 10 25 47 79 88 100 

,i;ud(conr on opposite e) .. 
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50
Nowetw, Of,
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36 20
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Av I -I -I)I\ 1'. Pelrcvll I ofL tI -IInI II Iw h-,iII nn I ., 311,, rt'po rIin J~I 'n, i prolil lFrom rive' 111Ivh.v. ,d'lh% 

.\ iall %ilh1.4 rI d ;INJi ,,.41 lii i, I I I. 

[ f Iirst Iti I )o F I "el I I rI 

COU~~try 'v f Ir(f' ,m l t~ I(;.'lIar.trl~~ 

Pedapul,ro, In)dia 0 1.56 4 7 18 50 9 31
 
Maluao, Phiippines 046 2 9 88 7F 
 81 90
 
Tab-ang, Philippines 0 43 1 2 54 56 30 
 12 
Barain, India 043 1,2 69 81 31 65
 
Tarrna, India 0 42 1.2 91 85 
 57 85
 
Marcos, Philippinus 0 38 1.5 54 39 31 52
 
Sinayawan, Philippir e; 0 38 2.2 17 47 9 
 40 
Gajanur, India 038 2.A 91 83 91 100
 
Cidahu, Indonesia 0.36 0.5 57 58 45 44
 
Ngarilat, Indone;sia 0.34 0.5 6,1 61 36 
 37 

Grojp II 

Hosahally, India 0 3)4 4i 100 83 94100 
Kandarpur, Indi) 0 32 0.6 63 89 37 56
 
Korpadla, India 0.32 0 6 87 62 48 
 52 
Kah1rnani, Indone sia 0 30 0.6 90 100 80 76 
B. Nuwebe, Phihrpprns5 0 20 1 7 2 38 '10 40 
Moranti, W Nlala a r) 27 1 0 51 23 40 15
 
Canipa, Philippines 0 27 1 7 72 70 
 41 48
 
Ashcknagar, India 0 27 2.8 60 75 100 
 100
 
Sa Krachorn, Thailand 0.25 7.8 18 55 23 36
 
Bulucaon, Philrppines 0.25 2.0 55 83 64 79 

Group II1 

Plunenq, Indcinsia 0,25 0.5 95 100 86 96 
Sidormiulyo, lrirdj !ia 0.25 0.5 94 16 76 82 
rong Sarai. [hailonI 0.24 78 48 75 39 68 
Salor, W Malay.,ii 0 2,1 0.9 83 83 80 75 
Capay ran, Phli;p,r,,. 0 22 1.9 100 85 100 95 
Cabpangi, Philippin,;s 0.22 3,9 55 50 59 38 
Malimba, PhiiippinL-l 020 3.1 58 58 42 50 
Rai Rot, Thailarnd 0 18 7.0 58 35 62 39 
Mahipon. Philippines 0.17 3.8 71 80 74 77 
San Nicolas, PhiiIi41 ;iri,,, 0.13 2.5 94 92 90 92 
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FROM
 
THE VILLAGES
 



Response to the impact

of the new rice technology


by farm size and tenure-

Andhra Pradesh, India 
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leliul ti i nit ,e ri( tetof cih tllithuli I l atitli, we tcticit, 

vi l lhcI IIi ti vhr. e\ las, t l mitt l ii aint h'iI,
 
thanl i ll t tiei ti.'[;ti a ha. Al\iho(iie.]i there was liii illili iii c ' c itt
 

irlitil inlc iu~I;ti. i la t i t : sltln ar ii, iit eis11:,;iapihl t, d 

hi has e i v eried1ts.Ilic leI\ Ie'ehinohtg' \ii rl lloed I5 alt 
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i.Y o(iiIN 01'II aIt Pii at tcchinohI) ical c;LiiIc aid mIloern inputIs we re all that 
I ura Igrowlh is giving way to a more so ofa : requiled fi ir aIrieuu ieriassessmnenll 

the ltiC 'inis to L intpeosd by economic and social factors.. There is
iuots rt i~tchl be tier appreciation if the en ironlntnal Consl raiiiil ,. The point of 

i lls 1thc"',nvironnientalits" i aIlly stated by Biarker and Mangahas in 
rclation to chan-es ii rice tnringiII in article pi'e tht Interlialioll . 
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I)eveihtping L;.cllttlnonit, |'itik) J atil, June i974), pp 182 -1 9, 

lie earlyv ,piitnt'nI iptet e Itaper b}yNo rman ICIll ltritom1! it.iint ie v, ()tt a At v[ ik, iiti-tlin .. i Nii 
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1'wliftrolwfti Dm'tII tN-1l4Agri, ilnimu t Yt~dcIiri t jI ,[(%rSs,'lCA I ,9t96), p.vii*Ittr I .rilivisrli ih tactiit h ash iln wetl 1 it fltwmnhe c ii ite T,ei(t ,tug> it te "I nt hl jlt, work
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Confrelnce of Agricultural Ecornomists held at Minsk,.'oThe authors attributedthe low response of rice farmers to the new technology, compared with that ofwheat growers, to the relatively unfavorable set of environmental conditi(lsfacing rice. Rice is subject to floods and droi-hts, to high humiditV during themain growing season, and to more2 severe attacks by pests and di-'zases. hllisobservation led ,oa ,ecognition of complcnentarity be:ween infrastructui.rcand investments in research, and development of nCw varieties, There is also agrowing skepticism of the assumption that primary emphasis on research anddevelopment could provide a relatively inexpensive route to rapid growth ofagriculture in developing economies., Institutional changes, too, which werc
considered of only marginal importance when the experience with the use oftechnology on farmers' fields was still limited, ,replace by economists now given amore prominciltand policy makers.' Barker andunderplayed 	 Mangahas, however.the importance of institutions as critical to growth. To quotethen: 
"The effect of owner operatorship is generally productive but rather smtwl.From the viewpoint of land reform, it appears that the transfer from sharetenancy to owner-operatorshipperseis of lesser importance than such otheraspects ofthe reform programme as irrigation and extension systemtenant. Farm size was found 	 to theto haveconlteition that no minimum farm size is necessary for new varieties ; 

a very small effect, supporting the 
economically acceptable."',
Iheirconclusions 
are based on - study of the response of asample of farmersin the Philippines, and quite obviously, even the authors will not hold themapplicable to all agrocconomic situations. It is also important to recognize thatthe policy implication. they have drawn have validity, even in the Philippinecontext, only under the assumption that in the absence of land reform, a moreadverse distribution of incomes, will not turn intoTherefore, the responses of different size and tenure groups to new technology 

a constraint on growth.

and its economic and social 
 effects need to be rxained for welldefinedagroecnomic situations. 

, dolh Barker nd 
 Mut Ii$idt n a nahas "nvironniciral 
AtrilhW lrai, ,I wf\ 'md,.lM Rice 

and Olher Factor% IfuItig "i ,,,'pmfo 	 in Asia,' in Pomwl, hc CO,tIi, wVei-n1,'mIt, Oxford, '1971. 
J111e1 and Rersiirt,fourie'nIh PaInaregI,and nakucly).,
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0'"'"n;,10,.: 
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1iWorld War 	 i nlco IllnL 	 ('Ilie Inuiha-
 . l)i 	 lOctob er 1972), p,.225-23 	 D oAjnr "tr

S.. U, lich and V 	 . 
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dic' CiIned\V :I tlgei inwe IVq-dl settings," hax~lc\\C,) advar Cage.F i, tlheyv 
plrnjCit amlsis in depth sinc the(IIin:a nalvs t better' iiihrs into he wolrkig
udiffetl. ut compiex lOICes when the uilit f' ohscrvatim isspread over a smai!lrea. -cScolld.he ilnec., o'ther facth us cm .. like cnvironm it, thle nature of"itll adnnillistrajior -- which ne d to he Separatld whl a SampIlcmve preadallarge areca is chosel, arc illlial, ild IeSo)nsS to tile vilileh, tinderuxc lls!niticlk'illb studied with moe cofidcence. Al attempt is made ill thispaper to use the data of PCdapullcr u village to test the inl reirces of Barker andManmgahas in relation to a definled setil, 'he chosen village -- 1'edapullcr.Wcst (iodavari District. AndhralPradesh. India -- is a canal-irrigated -icevillage with no othcr crop in either the wet Irn dry scason, and has Iair lepresci-­tation of all th SiZCsie an(I tenu:R groups. No significant difference IbCtwecntcnerc or size groups is reported in respect to soil, drainage, and water supplyc'onditions on farms. The cuvironmental disabilities observed, like inadequatedrailnage. etc., are larcl by all groups and are not size or tenure specific."All t e cultivators in tile village were surveyed in Jhl 1972, ;arld details 

relating Co size, tenure, adoption of modern varietici (MV). cultural praclices.icl , -.etc., were obtained parately for k/rarif(wct season) traditional van -clies ('TV), hhari/MV. rahi (dry season) TV, and rabiMV for agricultural xear197!I/2 A schedule covering occupational details on all residents in tilevillage preceded the farm survey.The 1 55cultivators in the village wvere clasifid in to six size groups and fonrtenure groups to observe tlie vanrallions in) response to new technology lThe six
"ize groups are 

A - less than I ha,
13­ 1 ha and more but less thanm ha,
 
C .. 2 ha and more but lC., than 3 ha.
 
D -- 3 ha and more 
but less Ihan 4 ha,
1 - ha and m)re but less than 6 ha, arld

F --- more tlhan 6 ha.
 
Tite four lenure gn
pips,arc
 
1 .­ pure Owner cultivtor.. 

11 ---- owner cuIjtiva tor.-f:li r C ir
 
III I tenallt, ari
 
SV .... owner etivatorr"ium tat
 
She analysisl iSpre~e~:I scpa rarely fr e ch sason and pcrtins to I 97" 1/72
Aimri (wet) arid ra i (dry). The firsl part ofdtlr 
 paper presents lirilings,eponseto new tcchno ogy on

ald the sConld on the coomic a11( social implct

off tcnlotgy by 
 size and tetilre. 

~ ' L W ~ItC , i(.%') l t l , l~)i-I ~ , .fli' i. I l II 1O'I ( I' /l~' ) It, 1I I /~ll l I . m. . . . , . . iv; ( *u' n he't 1i1o111,(hat (. o 4~l~. t' I 1 ,j . i.,,,Ch1i 1 .i! 'if.Si .Nt .h.er¢' a L r ;Iy hii '- '%. .I 'l ) tI 7."inn­ ' ' '. . .tll/lt /t/l: / u~ ~~l.'tl lJLll ':, 



I<1
S1'( )VC.IIwr)NI, l Ii-tIN")O()
get c. IL I s o s hllt o Iie, t L' III()o i )o jti dgenllI. .­

e'ithe:r totally ut.partially 'hlil i to g i s'. y lhie l illI l ihNIV' l o tarnII11:r.,area: un)der MV sif fr nntatif, a 
liV 
 Lendc
I , 
 ,ee I V i'l-ru,wl,,ec'-lidl iilri laus in all 

IIkharifIhatl cnv\ir{nnlcnhit. 45 4. in rWhi.
1 1-eunraijlllize and tel khi r16Afare IlIorcLseeLrerc:gr)l,p (Ta!pl, I). Itin]is well knownin /m/rarif/Ihan iY(d),i tits esp 'tth,tehre is rercearebet 'ee l loi Nualeilli 

'vc'ntlhy .'ar,IV ', iilic eure:n fhelr n icf ig t Cl c.,w e. we in("Ii a te 1im

lie1I 'en Iarni,,,Wit,1ihha or n10)1
AIhtugh and thei lhle rs (Appendix A, 11).tare Prfeelydivisible.finn of, and the ability to 

ion isinflhej _,edtake risks. Si/ e Iby lhe p-re.,,p.LnirOnnIIenril constraiiit has a haring on llot faetrs,
ddepellInc, linlg no 

llthogl sared by all. protdn.e varying reacti( inssize. Wlill:hatcorlmh-otlaregs With) more m osl Clearlinves~tibleS in tile data is that largirsand. h1)re1,oreC,._,h
greater toili. lto uder.Spit (itihltI111h 

take risks show hiher rates o,1adptij ij. Thus, size eont ." Iobha collsrailt.)(:(:n said to the contrary, btt its ItIinurice is less 'I,
with Iower CeInIrOrnhlMeC l risks. Thle data also a snaeeruhe -onlirmM that the lme of the a,.vilence\Iadever ued adoptioin and the PrIIporionm ofIV ai signilic'aitlv h igler ah,mg 

ht',sihol) 
f ' aPPlieS Miore 

tile bip t'arners than_'lli a onr
(-li."sq;.llnre" tests ol 

(Ilrin),A/Irif/ than (Iiril-g ru1iT1..,s()iiiiSin
firm se olt4 ha and above 

hbelt''size alnd adoplimr, evealed that thessignificantly assoeitd withCidi eed.1;,Ile twieiill'li\n lCIie do)ption,ThalI
the ilfilrle lya s c;( il rado Jha Wap,lhoi sitienrc.,'isldere.l. of size (itadoptle h\Vh n asedSOeiati ln bel , 
was ,epa raetel
testd for tle si/c. P 

size aSid adt(]i(optio) (hirirng JihIi ss;as
r(p, obelow 2 ha1at( abllove 2 ha, fo signiciill ai().-Il

197112,able
Percenag o MV grower o total In each group by size and tenure, Pedapulleru, India, 

reluo 3vuIow Kharif . . . .4 himand " • BbiAlltfrrs 
. .
 

.~ ~ ~.... ~ Below4-fl .............. 4 ha mind A!! farm
above
 
All 

Own . . . bo. .

3 
 h) abovePure tonants 2 15
4 35
Aliforms 20 7 67 51323 3027 3112 361
 

NtI'~ k w]l r'liM \minlsvrif .' n1ittt iWim .~~~ ~i ll.l 1~ i t ~ i 0)"k IV\h p{ dIf1 1
,j 8 d•i\kIl,'r, 

iI C S eIt rl'JlIk'
 
rl
Img11 i'tiitimd
mri',i i llhl oi)nhi..me 
1 Iitl I'cI l, ,..h ',,,,o,38'I fu.pi.l 2(1.I9(i') pp ~IlIS k 152. 

http:cnv\ir{nnlcnhit.45


Table 2 X ht r), 1§1psk on'tkani:i is i of Mi ill iIsuloiliin li ' 

itil;,tmt ij ti ilN 'iou.' 

Tinny i 1..uu j(~(I ' u th uui~ t Iti 

tot nlx.~v' l l'[ 

iiiadititlt n I[attc 2). 

'\~N~i t l~lir V~c ii tn i C a %'tl)f'1ri ii i ~f S oI ?tL it 'whL,I I
 tdfti. ihaij-cfI-,,l. Itthoh .l 
 e'wt, 'criarit'.. I ,ul is itu ktttIhe -,eit 

.urila pla"nted It NI1\V tl each r*,Iohip. l"veri alter 7 Nem's il 'iili et 
l~e!n-i l hiaid4 int rai, [lie tistfict preftire ill 11)l ru hil III esi.tv"t 

ptn 'nintn1 tit) flic utMiCY 2101 ttii n Imr t11e teniantf~ u (I able 3),
111111t use' bY sizean C111i.1. ( eua trilizr t anid pcstjic: d lt,re 1A il Ito 
fiell pf'-1 the ftl.tVli-il -%;('. d IruTuraui 

tifntdietit M\NIX' 1vr01:111 (d) repentecd thalt fli, 11svd ifb prim tonr~ 91li. 66h and that it was ctiijliftj qi'tij ti"I heill fil ll Vi'. l otnr V, iu'. ofph(i'phaf ic fer till/er'. wajS "Is iixran rd Vwa- iiiiili let's con,lmlli dill IilIt(aot J V~ th'a 11d I ri n,,,.~ob oi w!urN1 tV r 15 than JV Ilt (, li.i'c 
plifi)Sl Iic f-rtlI lizer'. -I.%sc frili/'o 1 Wi'* f it IfffIOn.tf''.rr 

IZt:iiaridI Ie ure, haiJ n itlent-ctc IIO Ii ip( ffitI 11) i t,1 he.Ii nrit I IIgi. '. 11i t IenIus' ln~ilti)[lt tefiarif'. iJtpid hph tie ari odtas'.urt Icr Iill 1'-. 

Tata 3. Pwcftriiit MAVuraa to lolal iauftivcted ai-ias within oach gtoup by wlz and tonuro, PoilopulferouIndia, 1971/72 

fAV oritn 'tl 

iy,.v l4t; w(t; All tatrynit ti r.itf 4 i ItirpI All flituru. 
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ilitllint, (IoI cl VIIJnmIClit OIltle level Ot fiitl)gcl applied isIV alld M V. " seen tilllevels i bothtji nrc'.,gI
7 kg/than AIitItr; on M V it 

01"V was 79 kg/hp in ralj, coinpal "ibs 

lIII ro),1g.en'1 

Was 120 kg N/h;, in rabi i-nd 64 kg irkihril, . tdid not]< i, sifshow 'lly c linsteit relatiosllip with si/c. Inall growswashclosc 10,tetc'l Jr even big, lher than. Ie1 reco)nlnliCllded,oflphosphli( fertili y+also sh 
level. 

Wisons, bemlo, touch higher ,, 
Iwd ;IsignificaM V;riation hlwecn 

levels hs5-tcr thtn f1 
rah than inkharif. 'fihe smallrcs rotrdh.51 

OHl all 
hse of Ihl1,Q grpOllrs,. 'I'he level of p< NIsji!,nn Ilse wIs Very h41imlnd small 1farmr1s used much less haIi1n' ' thie otlhcrs.mensin. wvhile life inthlunce ofisohviou, ()I yelvironnici oIn thI, level offlrtiliicr usee cal see that n110111finrn.ers used less )1thos inputs h;I ale Iiotci rpopiti'll 

A sinihr sicttire ene rges when the dataarC cl ,ISificdy tenure, 1s ofi 
lgeli Wawas not lower on tenant faimns th111n()onot-rs, Iltle t-sof ptlash, Iteteniants lagged behlind others, againl conftirmling that even, withinl thle saIml
eivironficil. lags CoSild Ibexl)cctech, depedc ing upon size and tent+re, evenU1ter Years of IccIn)lgical progress.increases iltihe
eie use of peslicides have been ore spectac ilar Since theit rl'dlictioti ol hlighl yIelding varieties, OnIly onlerc)orted Ise (if )Ipesticides before liufte current ctiltivaisirs1965/66 in kharif but more than 401fJtheiii in rahieven before 19165/60,Since then, pesticidI used 
ulllive'rs;il, 'sc has become alnmo sthordcrinig on 
l(w- in1
rbi for both the T j'IVn Ihc MV c.Pest icidcs Ir less esselltial for tlie kharif t raditional crop, and only 19% of thetotal Cultivators us.cl theni, i'br the khatif MV crop 77% used pesticides. Inrabi tile smaller fhrms and tihe lerllilts used less, hoth oi high yielding iidIfaditionah varieties. The pat tern is consistelnt,

with Ile nisie recent input is usedVaiatlhons intieuse of ilpus Ie tween si'c anod tenuire grolups a wt", 
a lag, and insliraller quant1ilics, by tcnants an1ld small farmers.of' ci utn'se

less siglificanl Within ; sc;lson
1akten. lhe 

than between seasoins. While this factpolicy i11ferc1ce is wAclithat land reform per ,se isirrigation, cxtensinin System, 
more importalt lhan
e tc,, does [oit automatically follOW,
 

persol
'Ihe 1ew lechno logythich helped logive! hiillhiore, invesfilble surplus at 

Iosvild (Tale 4) plces theadvant an advan•agt•,'In additIon, the reative
of the sml•l 1an who hsIm1ore Iabor has beenin) consioemlytile ctllext of new technology, Th edc(J

inverse relationship betwncrl yielCdssic obred in) the farm data Nof .thle Prtechoogy er,lively colltoversy in aCdeIc Circles, was not found Inl any pronounced maninr,even inl respLect 

and which provoked a 

to TV in this sample,be fir..ly established, In ri 
The opposite conclsion also dano.%V wifarmers shmwed a fair rpresentation of aill groups, bi
I Irace of su.perii 
 over ohrS in yields, Th difcilrCs
the yields between1 Icnure-C groups were 

Iln 
'hle big farmcrs led not obviols.

inusing the DeW tcchilolop,,ternis "ereoI tes Of adopti, and used 
ahead of others InIgreater proportion sf the packig ofItImight then lie inferred that the rapid progress of technology could be 



lbi 4 YlIC11 ify Ias of MV mol td i JCun acop$. 'aofr.id.1917 

4,.Il Yl V. lgi 

lf 4 

1(00W;$ 

l/dI '.t~ ic1~t~:11tiliri (on( tile hiel iiril iIh,14flv'der1.vo ild lie aac 
!-I ip (tt.C j i li'll tt to daelll t; j l aAc ./i Cc/L\%ciilv iit Ii iaiIi'. 

(.latges, ini agrarian slirtictrlre. Ini omiitilrug n i(lri and sorial eIlect~i atodv 441'dmnaogi li tile ;igrarrmor "trwr6~r (d' tile Li1)r\ lij he piv enpimIoi itnce tilt di.viihUribim ild 4w. irersirip mid(eontndl tver Iarril lirofir)nlvirlin ll/c thl hitilblitifot(If cme. 'I hie pre ( iistJoini 0I thek vill~lvy, is;
IIlsillC	Orlir ct 4Aithlic f ()It tire eve (11t1v fntrwiltiwn (ofl rse; teeuhlI 'g.rIl Ite are inlherent limitations Ill the, letliod. [irst, the analysis i ,cmililled 1totI/ill cu1te 5 14 Nsdf iiiihe village arid (Ilesc, itCver tlose whol left thle villapehit helicer or for w&)rse. Scolid, it ks (ifitio,11Iitosparia thec inluvrnce olteehim,,h,), from that of other factor,, Bit these, lirrufatimjis did notl pro(ve!serro(,i I'Or the area wider cionlidcration. mriiot n anrd iw riflgratin o were(,IiT2y mIob vdvir;Ig thle period(orl "tutdv. Thlis ill at ice: village 1xlui d ari 

terylailt'.iangence 1965/60 is the ifltoloiidin (it MY
We start with] ;IT) auialyis 'd0111 
V
 

cages ill the Slticic fi n.1il fifv,ccl/im the( 
ruralresde t eitree nlycwid1r two" categrdie etttvaor 1arid idiii~i 

kand iii 11)(,~6 anWI971j'f. thilt:r~11miconmy if)1his llmlner reveals
;d jludgigl


aI rira rkabe tai: during the 
 7-year period. .I,'[r(orin inl litIretir 

groump to anotherwreiII eiene ire flrovemerrl was onfied b and la to)Itvi lenz group. SorIe teniant', becamell lan1diess hihorersand aIsiiliar irrnrri her
ft landless, lIhore rs heca nrc kerian Ci,'I hesC rinovrrierilts iridioca Owth
flux hemid 

'Iherel wasIno recorIded ten trial chaiinge anrong 16 inwoIAt-ee 196 1/65 	 171 cultivators hc-Xind 197 J/72. ( )illon()te lcran h euc anlowu r hss,
tina with in lie spcifc 

w 
iorrn rre c~eoe~~f~.exanriri iinujpwar;id nlivenrit (III tlrnt 1 inkto1 (rt Iwite go nip is hardly psi e 
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The Plr)p(orlion affected hy changes in arca Operated is tar more significant,Ar u nd 40% of the cultivators reported eliangc ill size; the number repting
upward movement was tile same as the reporting downward movement. The
d ,nward movemenits were concentrated in the bottom and top groups, Thepicture became much clearer when cultivators reporting changes in size Were
idcntified by tenure groups. The majority of' those reporting changes insizewere tenants. One concludes that behind the apparent stability there isconsid­erahlc flux caused mainly by shifts; in area under tenancy, suggesting insecurity
of tenure. 

The stability in the distribution of ownership of land isseen in the number ofsale and purchase transactions as well as in the area involved in these transac­tions over the 7-year period. There were only 8 buyers and 12 sellers, The areareported purchased was only 10 ha and more than half of it was bought bymembers of the group cultivating 6 ha and more. The sale recorded by smallcultivators was alsn insignificant. Compared with the small, the big farmers had more sales. But purchase transactions showed little evidence of gains by smallowncrs, even though threats of very low government-imposed ceilimigs inhectaragc had existed for some time. Thus, past trends do not show that theoperation of the land market will ensure shift of landa ownership evengradually to the small cultivators at any significant rate. At best, threats of a,very low land ceiling had the effect of freezing the distribution of landed wealth 
at the pretechnology position.

Does the lease market at least facilitate a shift of control over land to smallcultivators? It does, if the big owners are found to lease out, and the resulting
distribution of operated area 
 is much less uneven than is the distribution ofowned area. The majority of the big owners do operate their lands, and purere'tirrs are much more common anong the small owners than among the big.Only a minority of the big owners lease Out, and only in part. Although the
lease market enables the laiidless to gain control over land, its effect on awider

diffusion of land among rural residents is not significant. The cultivators among
the rural residents form 
a minority, 42%, and tile substantial majority among

the rest are landless laborers.
 

In understanding the agrarian 
structure of an Indian village, caste, which may be less important in other situations, must be considered, Ownership andcontrol of land by acaste group that does not intermarry with members of'Other 
caste groups, even within the same economic stratum, superimpose aneconomic inequality over social inequality, anld make inCqualitV more intolera­ble. For this rcason, diffusion of control over land betveen different caistegroups becomes relevam. The "dominant" caste in tle village is Kshatriya,
since it controls a substantial proportion of village land. "oWhen the size of theleased-in arca is identified by tihe caste of the tenant, the bigger tenants arefound to be drawn more from the Kshatriya community than from other 
' I~air ,ii~ Mxpolilil[IiJetdh{conctpr111dnjinni cSludi%In ' c N,.N Sinivm., 'T %M ofl eScial S1inc |yorI 
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tire revised upward, and the rental market does not automatically ensure thebenefits of technology to the tenant. Decision making also shifts more andmore to the landlord. He decides on the variety to be grown, supplies a majorpart of the capital for nontraditional inputs, and provides the finances to thetenant. The tenant becomes indistinguishable from a permanent tarm servant,and the tenancy system is nothing but a convenient arrangement ,nder which abig owner who lcases out in part relieves himself of the burdens of labormanagement while performing the major entrepreneurial functions. The tiewrole played by the landowner is in a very large measure attributable to changesin technohgy, and this provides an explanation for the Observed similarity inthe level of inputs as well as in yields between owner and tenant groups,Rents paid per hectare were studied for each season and within each seasonfor TV and MV separately. Rents paid for MV inrabi were more than doublethe rents paid for the TV. Even in kharif rents paid for MV were higher, Therent paid with share rents was found to exceed that for fixed in kind. Ifallowance is made for the expenses shared between landowner and tenant, thelandlord s gain in total produce under the two arrangements is similar. For localvarieties in rabi, pure tenants averaged a yield of 2.7 t/ha and a rent of 1.4 t. ForMV the yield was 5.7 t/ha and the rent was 3.7 t. By making the shift, the tenantproduced 3 t/ha more and paid 2.3 t in rent, thus gaining 0.7 t. Even aftermaking allowances for additional cash costs, the tciiant is a gainer. But ifrelative shares are examined, more than three-fourths of the additional pro­duce goes to the landowner, and only one-fourth to the tenant, making th,relative distribution of income much more uneven.Credit market. The lease market cannot be expected to operate in favor oftenants in a land-scarce, labor-surplus economy. But we could expect theinstitutional credit agencies, set up mainly to promote the interest of theweaker sections, to act in their favor. The village has a cooperative creditsociety, which by business standards is functioning well. The volume of itsbusiness has increased considerably since 1965/66. Credit reportedly receivedfrom institutions was studied by size and tenure. What comes out prominentlyisthat the big farmers had more than their share of institutional credit. consid­ering total nuiber of cultivators and area. The pure tenants, who accounted for
34% of the cultivators and 17%of the area operated, got almost nothing from
institutional Sources. Among the owner groups the owner-cumrrentiers wlhoeaverage size of holdings was much more than that of others got far nore creditthan their proportion of the total area seems to warrant,The results should not be surprising. Power within the coperatives iswielded by the donlinant caste group, and in it, the big-i'rmer group. Thepower within thepalnchayat is also wielded by tie same group, The argumcntruns that it is risky for tile institutions to lend to tenants Nho can offer nosecurity. The landowner could obtain the loan and pass it on to his tenant. Thesnlall owner is not considered a good credit risk. '' Credit was used by 59% of the MV kharifgrowers, 78% of tile kharf/TV 
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groers. 21 .of the MV rai growrs, -Ind 56,crrcspondiil 	 of tle TV rabi growers, h'lep~roportion of gro\Vrs rporting credit flrointllJiitlutiollalsoulrtcS was46, 24, 35,and 9%, resplectivel.
less Si nificant in-	 The role of instittbi h inin kharif and le,s sigi fic at for TV tha snfrwl s muchIV. IIt 
:s Obvious that ttiluilons colitlntle to ICC()Illlt (mly for athe credit reqtnirements of cultivators. The sharc of \IV groe 

inoitio 	 proporti'on of 
s 1 size aItidenulre shows a giencral bias in favor of the lig Ilrniers.It shotlId lot he in ferred that tenints and small ownerSome1rl tllliS are 	 are deprived of credit.a apparently provided iltercstMfree, loansOthers giet credit, but at a cost gencralh double 

h, the 'cnuwr. 
tcrates of itittitalcrdt,while the hig farmhers, obtain tie cheip credit supplied 1v institulions. Creditinstitutions wc'aken the bargaining posit ion ofthe l 	 tlanllts vis-a-vis the twners inal markets. The higher cost onf loan capital reduced the small oN ilersprofit from tile new technolhgy.Product market. The product market apparentlY show s noagainst 	 discrini inlOatlnhIll:enant and sMn:tIlculivator. Prices oI paddy received areexamindctl 

hdsize 
 rl pS, and by tell 
 groups for three tine periods of sales:diately after harvest. 2) approxirnalely I) om i­than a month a fter harvest. Within each 
a nonth after harvest, and 3) niore

significantly among either si/e or tenu..re groips. Bilt 
 when thiceighted price
 
time pcriod, price 

rccived was csminied bySI,. and tenure, one could see thatwho sold i diates 	 h pure tinllt,after harv.-st, received i lower averaienificant difference was 	 poic. No sig­noted between the small and the big farm,n indiclltn"that thle proportion of sales by time period did not differ by size. A wordcaution. however, is necessar. The investigation was conducted iile month
of
nifJ uly 1972, 7 months afler the klarifiradition'dcrop was liirestd and 2:
months after the rabi traditioil crop was harvested. The hig farmiers still 

ti 

had
3
 

large stocks ofkhariftradiiional crop on hand,which they would sell whel tlhprice is hih just before the next

dlemand, karif hamst.When supplies fall short )fl
with a guaranteed minimum price operative, marketing is M) foun1d
to be a constraint even 
with rcspect
differenliUl 	 to small farmers and tenanits, thoughilhe
with respect 1 TV and MV cotltllltlsrabi paddyvwas Rs 61(1 1I ,s 	

The keightd price of MVis SI .))1i3t k/ 	 me(...kg) wihleat rof MAsR,;:Ii-n 
 wit the sift fro I --a coars: variet yconidered inferito the TV A ku[In, -to Mlahsuri, alinervaity, price diffren tia Iws not olyLducCd but MV prices were rd to...highler thinfoun 	 tlose for TV. This gboost to the shift from Akkulu to,Input market 	 Mabsuili (Sec footnhot, ),In the 

farimer and the tenant 

np.t mrkets inl whih scarcitics occurredl,hm aill
rieltd rea:l lCtllictes. A higher Prol)(rtion oflfarm ......l tenants reportedcrtilie st d diseases, arid trctservice as constraints (Table 5, 6). 
w artlt inluf Mlu'thiilh t.t ut 'Itut . N7t1)ita; of Amfli.t.&lnon nnL. ('ntrl..,~t:h~a . ..	

for dir,-i h I l dr. l4( \', .. N,, t .inru,.M, t.97t1Fp.'652. .... e *Ifileh i at.cdt/i,,t,,,,/ 
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Table 5. Percentage of cultiv'ators to total in the group reporting various inputs as constraints to
growth, by size group, Pedapulleru, India, 1971/72. 

Cltivators i with 

Constraint s than 1-19 22.5 :-3.' 4-59 6 ha or Allfarms 
1I ti hn h h, morn 

Khardt
 

Fr'rtili.tir availailihty 100 100 100 67 33 50
Credit 0 50 - 0 33 0 9Pests and disasus 100 50 100-- 67 93 86
 
Tr:tor serviLj 100 50 
 -- 0 1367 27 

Pib, MV 
Fertilizer
iavailability 60 ,92 60 ,)3 71 26 50
Crerdit 60 15 20 0 43 10 18fri(disIO s 100 100 100 100 100 97 99Trattry .irvice 60 77 20 71 43 23 43 

In, briel', tihe rental market. the11 arket for loaah. lttlds anld thie prodtct
iiil inIIptit tllr'ks Cr(tiJ Il0t he CxpeCled to wotrk inlifr\ir of the small f;hirmci 
and the tenlnt. IlI a rural structure narkcd Lv Mcqiilitics. all these fetid Io 
discriminale against the small farmer and the lclialI. Since tile nuxv luchnriogy 
Ca1i1b sed ISIe dvanI(IVIIltaooISI) hV11,0Se With MlI itveStal)eC S.urplus, it 
contrilutes to a sharpening of the CXiStiltk irfiltel lAitiCS 110t ill abso titethou1h 

tIms s,tmie licbnefits go to small f[armletrs antldlelatlt+. Because tile T. 
iI':lce 
tmtrkels wi trk to the advantage of those alrteidx wcalth%, tile Cltie burden Iof 
providing r(IielIfront the gro\king ieqluahlit is placcdl Ithe labor IarkelI aibor miuarkel. l'1ht IIC tee hnlmlog. ctld nfitI; the advers lt'ces nt 

agrtill structure tlhrough the labor iltarket 1 enablin, the laborers to e,'arn a 
highcr rCal \w'age and toget more ciltplloymell."
 

We doInot lli\c tite-.eriCs ofwages hor the 
 illauc, \\'euscd the district-level 
tiic-series( oN,ages ot agrieultura I labor puhilit: d 1w tlheStilo giverntnelit. 
The hiihd\ of Int1ilj.' t\Ifoir tles sh.,wed ; rise fr(ll 1(t(0to II 5 bcle twcl
 
I9 /59 :n11111)(,4/6 lhe iideX of rral rCtail price sli d a rise firmm I(ttto
 
130. indicting a fall in iCal w;gCs duriil hIllat period., The iilIdeX of 1ion1­
\agC ros fro0 n I I in I bl/541(
to)1 ,4 ill I 96t8/Ui0t). whilehe ifldexof retail 
prices rose to 183. The peCriod ;iter1 ' 6/t0S \k ,iC beiltr 1hm the IpCrit)d
I i,9 hi)1964/0 . although o\er the pclhdit ltolelaib)rers reI laine,d Con inl. .,'SinW1c I 908/i) 

the real \kiagcs ol
tIlie r Itas been aL fL11thr stpu I il 
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Table 6. Percentage of cultivator, o tots ill the group reporting variou s inputs as constraints togrowth, by tenure, Pedapullero, India, 1971,72 

£ t1 11 +llt U rI r O(hier'ut1 i'lzin; Owneri.r;;il. All f ! inv 

700r~ 1 GCredhl 
25 2020Pe12,s ad d!;,earse" 80 67 10 00 1ol20 33 25 ,10 

F;rrril,,,r .ai a h.il, 217 ,flab;100[C.(trdit 45 57 7 .25 III 
S'ilS i d ~i~ra.st' 100' 100 100 

r 9s .i r? 44 17 60 11,3 

!ic priccs f Wil.c g 111.ad ctsh Zcs Ila%' C ',lU vn increa;lse. \Vhic llostlaior hlosuIlds as we'll as cnjti ator househlds in the villagc relt.porud no11c.ltaize in Cash \%,Ies a t. rcimtlld n l Ijjcla'jse ill WIgCS aILd ertiplovlC11 I-h 
a few operationi ('able 7).
In tituatntns 
 hCrc tlCrc is a I htnFrllu. tle pr11csstlrc • lm tlelIllilIlalke[
induced by new t _.,hnolo#) +

COtld(1 hie ,een trIt 
 ill the lc ,.l tn l.,emlphylJ1, butl in real W,auc.. It is t+ithi, We lItM tIm todiso'',-r any heneficial impact (4ecltnfl,l)2N, I licased eliploT-nenli could he ch'l, e)d as ac1lltlel.c ti newlt'cliol'o , ill lWo Wilsa: thc nCk tccllnltolg na\ nlri the illtelsii<cloppigl since ii shlrtens thc dILllatJ:irio th Cop pctriod. asnd lahor reqllelf. -

Table 7. Sample of 15 labor households,' reporting changes in real wages and employment for males,Pedapulluru, India 1964/65 and 1971. 72. 

Labor itusetoiris 

lnp r4sit r) , ICrease No chan gtr

° ... ........ • Wages 
 E~rrtployrrr.ertl Warjr:s E+ PlO3 ',{ Wartt irplVrnn' Preparl:11 nursei 

. . . .... . .. .. 
d 

14Pdig0 
0 15

Transplanting 0 6 30 2Weeding 0 5 13Fertilizer applicalion 11 2 1 0)5 3 0
Pestlidle application 
 3 10 
1'14 0 .0BundlingHarvesting . 36 101 11 " 0nl !13 514

Ithrushing 7 0 2 07ranporlation 6 .53 0 6 0Others 6 15
1 0 iiOthe, than agricutlur 

3 
3 

0 
0 1 0 

15 
1 15 

D0)awn on a random basis from all landlerws. labor househOmlds it the village 

ti{
+ 
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menits for each crop might increase as a consequence of the shift to MV. Thefirst result isnot automatic, but depends upon the availability of water. In thevillage undICr examination, water isregulated by the public canal system and isbeyond thc farmers' control. B3 tapping groundwater resources, asecond cropcould be grown even when canal water isnot supplied, but inthis village no suchattempt htis been made even by the big farmers. Hence, increased employnentis possible only with the second effect - increased labor requirements. Wehave not collected quantitative data relating to this, but we could envision thesituation from the survey data.i7 

Human labor input: man-days/ha 1968/69, both family
and hired - West Godavari District 

Participant local Participant MVkharif 136 164rabi 191 220 

l.ahor inputs were more for high yielding varieties 20% more in kharifandaround 16% in rabi. But the impact of this rise on overall employment leveldepends upon the extent of the increase in MV area. Only 23, of the area inkharif and rabi together has shifted to MV, and benefits of employment viachanges in technology are confined to ;,s fraction of the area. No more than4% increase in overall employment could be attributed to a shift to NIV.Will the benelicial effects of shift to MV continue in the absence of anincrease in intensity of cropping? The answer depends upon the nature of thetecr nology. There are eight four-wheeled tractors in the village; seven of thenwere introduced before 1964/65. Threshing and puddling by tractor were quitecommon evcn on small farms before 1965/66. in 1971/72 tractors were almost
miversally used for those two operations. Less than half of the farmers main­tain plow cattle. Tractors are used for transportation. They have affected the
number of permanent farm servants. Their adverse effect on casual labor is
reported to be only marginal, but one cannot be too sure. Due to the absence of
a ietwork of, effctive repair service, bit
cattle and rely on labor 
farmers continue to maint1aipll 1ow
oWver. But w:en an effective repair service isbuilt up.
adverse effects are bound to be felt by labor unless intensity of cropping or ashift to labor-intcnsive crops accompanics

Qualitative data relating 
the use of tractors. 

to changes in profit from rice cultivation andcihanges il level ofliving confirm that the proportion of households reportingincreases in profits from rice cultivation isgrealer among big cultivators andovners (Table 8, 9). The evidence in this villagc suggests that given an unequaldistrilution of land, the new technology sharpens ineclualities and makes 
Ft I tlciai of col str1trg1 SLtl. t I tl un1 , G.rogrc'- oil gir Yilirr 

t P-,mr jarathyard D. S.V'"rictics in Anrdli l ,, ,Prtdc, ,1. rhof Economi. ariah1liceA, Vol. f*No, All (S 
'nS /PcD ",rr jra1a /'Seoitq, . 25. 1971), p A I 7-A I121, 
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Table 8. Percentarle of cultivators reporting increase in profits from rice, by size of farms, Pedapulleru,
India, 1965/66 to 1971/72. 

Cultivators I% 

Item 
Less than 

1 ha 
1-1.9 
ha 

2-2.9 
ha 

3-3.9 
ha 

1.5.9 
ha 

6 ha (r 
mrre Overall 

Profits from rice 
Level of living 

21 
14 

14 
5 

14 
5 

36 
27 

35 
25 

70 
39 

32 
18 

Table 9, Percentage of cultivators reporting increase in profits from rice, by tenure. Pedapulleru, India, 
1965166 to 1971/72 

Cultivators (':l 

Owner° Owrer-
Owner cUn- Tenant c11n1. 

Item' 0re0r tenant 

Profits from ric 37 36 10 63 
Level of livng 16 149 34 

relalive ds ribkti l .,of incofmle much s,, sine: [or than 7(mot of the value 

per hectare that it added %%ent to owners of land, while wage earners l ot less 
tlhal IVK*' (Table (1), 

St. M '\,RY AND CO NCLUt'SIONS 

Anak is o* rep'nscs by ,ize and te:n re led it)the' iflltowin, conclusions: 
1 )itfferenccs in r:spoTse CtIMAeCT svas Olls persist ani are more significant 

than dilferences by size antnd ntie. The associatio bclween size antd adoptiin 

Table 10 Distribution of excess gross value as a result of shift to MV, Pedapullcru, India, 1971/72, 

Kharit Rabi 

Amount Percentage Amount 
Rs 

a Percentage
item . Rs)" 

Excess gross value per 

hectare 766 1274Due to 
Fertilizer 87 11 146 1Pesticides .25 3 47/ 4 
SWages. 84 .11 87 7 
Interest on credit 

laken at0% 24 - 3 "10 1
Subtotal 220 29 290 23 

Residual duf to 
lnd ownership and 

management 4R 71 984 77 

quantitative data are not availablefrm our srvey .. 
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ofnlc% technlogy'is nnt significan: at levels beloV 4 ha. Nor is any significantassoela tlobOse rved l beteen adoptihin of NI V and 0Nwner!i i"2. lie most striking result of the of)bservatios is the s;hluwversize and MV adoplion in both %vet 
-i-i-t association 

and dry sewasons when the dat a areanaflzed h lassifying culti'ators into groups farming less than 4 ha and thoselaniil nmoire Iail 4 ha. This iiplies atr'oniger response to iew' technol Igy byfarmers wilh 
3. 

IeICCLIrtC investable surplus.The inverse relationship betweep size and producivity fIound in farmmanagemen t studies of't lie pre technohgy period isnot apparent,wih 	 mlving thathe grinrhg importance ot nontradilinmal input,his traditional advantage. 	 e small farmer has htBut no firm positive relationnship is apparent.'he srlLdy of social and ec(nom ic impact of' new t-chnolog,y revealed the
follo nwing:

i. 	 rTe is no evidence ofeitle r reducecd 
 r increased coniientration of lIad
ow ne rship The tec lnl ngy-h lped to tightn the gip fl ebig, far mr Oi1
rural economy.r 

h rpo h
2. 	The, lease mark-ct. rental markt , credit market, and input 

i amro
 
market do not
operate in the interest of the poorer secLtors. AlioLgh there isrio firm evidencneif d,-terioration in thle living. standards of small farmers, small tenants, andlabor, the relative distribntioii of incom-es appears to3. 	The effect of technology is moreon c plo 

have worsened.
 
nmen t than on real wages. But a
big-ftarim ecotOnly tends io fos ter capital-inltensive technology and that inmightnullit, the employment effects. The new technology is not followed flv alimncr*:ase in intensitv of Cropping and., therefore. beneficial effects on emphy­merit are limited, 
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to production, land tenure,


marketing, and social structure -
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Pluneng. An attempt will be madeto to l tefarm size to plmdu titu , land 
tenure, marketing, and social rehltionships where the new rice tcmildo)g.y has 
been widely applied by farmers. 

I AN D W([RSI tIP 

Size of landholdings and categories of landownership. To understmdI Ilie
 
situation and prohlms of Klat.c, considcration siould hc given hI the patelrn
 
of Iamdownership. The overall hind 11sr inl the vilhlges sampled isworth uotig..
 
first (Table I).
 
The primary form of agriculture is rice cultiaion. iecaisc i.rri tm watet 

isavailable throughout ihe year, the rice fieldi, play an important role a,1ihe 
main source of icome in the villages. 

The hndownership pattern is fairly complex (Table 2). Distinctiom must bc 
made among the ownerships of rice field and home lot together, home lt only, 
rice field only, house on inother'. hand, neitier land nor house. and rice field 
given by the k uxIInaIIn.' 

Table 2 shows that in each sample ville, the people who own rice lields are 
outnumtbcred by nonow%,ners. In Nganjat 136 persons are owners: in Kahumi;n, 
28i; and in Pluneng, 160, Those who own no rice field number 174 in Nganja; l 
363 iliKahuman. and 353 in Pluneng. If the population growth rate in these 

Table 1. Land use In selected villages in Central Java, Indonesia, 1971/72. 

Use of land thal 

Village Rice beld Dry field -Hom, lot Otters Trrtal 

Nganja f6,4 0,3 8.3 1.9 74.1 
Kahuman 167.0 0,8 22.7 4.F 19! 0 
Ptuneng 99.2 0,1 244 0.2 123,9 

Table 2. Distribution of land ownership in selected villages in Central Java, Indonesia, 1971/72. 

Parsons owning Ino.) 

Rice fields Home House on No land Rif, field 
Village and I10 Rice field anotier's or grarietd by 

home lot only only land house kwilnallm 

Nganiat 129 51 7 49 74 0 
Kahuman 231 145 5,4 218 0 4 
Plunang 150 133 10 1 . 10+ .0 

7l l.tnoln r Aei h rui.ieh me on ,rlcrrfi,hovwok feldsrd o ar : . ;irwllvllAv ri hil.ll 
hleldi luu/! Ihos, '. hl+t4 i;' who wi =seo'1gah,Areljenlg arc hofJwfl oly Iiotuneand(en~'ihIn4 'are hh, ho31+:+ill 
Oinaeohcr's iunld,Ie#aunqlug hinl vlh no'r livcuili(olhwr ,r+ thie w,,itt .=who+Jwn rieilhr liedt hotu+;and 

inher~ited. .v g.ien t.e: kigo"i Oiir 
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Tibia 3, Ownerthip of sita fieldi thai in selected villages in Central Java, Indonesia, 1971/72. 
VItfitft, Vtkiagt o!fiialt' Gsverj by Owried bySf¢iD AJtr' salaries, 
 ka!Juna,, corltmon v lafj;rs Tot.l 

(ha) 

Kal,wjn 262" I 50710.1 64.4fhIwor~t 3.4 12988 167,09.2 0.0 8f02 9:.2 

Table 4. Average bite of ii.e
fietld owned by cormni villagers (persons owning rice fieids and home lot.end ric fields onyl), by village officials,and by villagers who obtained land from the kivimanan,CentralJava, Indonetia, 1971/72. 

Awetjgr! t,/le of rio fieold(ha) 
(.(J~l¢CrTrnorw erjj V pllgoffii'als Villjagrs who oble nod tand 

from tho principalily 

013 
0 

villagh s al o cwisi(Ick l,1lhC~1~i2 .4 n lah mna,. 2' 
pitore will be clearer. In Ng,nj t the ralc is. In l'lnceng fit reliaible dlata can hg obtafinedl. 

Wi11i such a raepid growth inr ipula lion Ihrc ic increasing tendency lowardldslses; thu" 
s a 

fihe dependence of lie landless onincreased their landowners is
"
 

IHere another a;iped should be consi(lcred. In terms of rice ficld ownership.thf situ;al in ihe Sampl villages is shown in Tabl;: 3.f ables 2 and 3 irdical thtilli Nganjal only 136 per,or,,f1ave their ok n ricefields, (5),7 ha); in K;aui an 285 persons ownperson4 own 8(.2 ha. Tie 
129,8 ha; and in f'luneng 161verlage si/c ofowned rice fields is 0.4 ha in Nj,.anjat,(5 h;.t il) Kalhumiln. and (.5 in l'luneng (1a-lc 4),bsV'ide rice field" om,(Ld by common villagers there airc also rice ficlds owncdhw thc village fromrl which money to finmce collclive activities can be carncd.* Iheire 're dlso itc Iicl(J given by the kau/mam(I (principlity) InI Kahumilan

lompc, ulivatc 13A h,,O~othis ty)el aIvcIrage ach. Inl Ng~arice field Ils ef0, 2.6 ha,'Ofsed by the villaecblcatse the hOldcr cimnot be found.This particular typ c of rie field cannrot be inherited,limll) ltvir are plots Of village rice fields grantcd to the village officials illlieu of sa1la;ries. In Nganjaf. ),ha of ila rice fieldsof.icia ; in)Kahma given to seven. village10. I hiwas given to eight; and in Pluneng, 9.2 ha wa's
giveil 10 seven.,A clear compaIris,uI clln be tiade betwen thie sue of rice field.s ownedI)y .
 

ct)ntlol frmrs(bot)h ;)wAnets of rice field and homec lot, and(ofirice field only)* and1 thtl; ('able ,.kadstutnu pcrawdtc by th1C villgC officialsInd holders of rice lieItS given by 1h1.dsgve y h 
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Table 5. Average size of rice fields owned lby common villagers and sample farmers, anid average site 
of rice fields operated by sample formers In Central Java, Indonesia, 197 1/72. 

Siio of rico fividt; (ha) 

Village Owned by Owned by Operald by 
commoro vilfagwrl 'afnple farmrins .'iampk: farmorr 

Nganjat 04 04 05
Kahurnan 0.5 0.5 0 f6
Plunong 0.5 0 5 05 

To stmmarize and further explain te data n a'shle 4: 
l, The avcrage size )f rice fields granted to the village olficials is betweelt 

two and three times the size of thatowned by commion villagers bolh owner ,f 
rice field and home lot together. and of rice field onely). 

2. In Kahuman the averag ie of rice field!, grnnted by the principality is 
more than one-andla-half times that owned by the commion v.illagers. 

3, Plots of rice fields given io the village ,oficials are usually tile bet in 
fertility and irrigation. 

comnmon coni 
phls in three different blocks; in Kabinian and l'luneng, twop lts in tw ,
 
different blocks,
 
The grcater size of rh:icfilds owned by village olficials and by holders.,f plots
 
given by the kasunann gives them advantages, which will he elaborajted on 

4. The rice fields ,,mned by villagers in Nganjat inst of three 

later. 

Form size. Data on farm size were collccted from the village farmers who,
had been planting modcrn varieties (MV) Since 196$. when MV were ;Itro­
duccd. The samples were constructed so that house ollds could bc classified 
according to various forms of tenure. i.x. owner, sharecloppcr, lessee, combi­
nation of sharecropper and lessee, and hrm laohrer, 'lie samples numbered 6(0
in Nganjat and Kahuman, and 6, in Pluneng. The sample data are comnpa ed 
with data from the entire village (Table 5) 

It isobvious that farm size in the villages sampled is permanently restricted to 
aiot1id 0.5 ha. fe application of new rice tcchnolhgy is promising. butsinc 
farm ic is restricled it is interesting to see ?what is happening irl ptc. 

CONSL J1ANCES OF fARM SI/I 

We have shown that in the Regency of Khten and cpecially in the Sample
Svillage, farm size s very small. This condition Affects production practiccs, 

ind-Ltenure systmsimairketing practices, and positionsf the villag offiials" 
within the villages A discussion of thci impact of firm size on eacl of those 
areas follows. . . 

Productin practlice. As a conscquenc of small farm ,ize, the farmcr gets a 
litnited produciion even though the average yield perlectare is high ('I ale 6). 
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Table 6, Farm size and yield in selected villages in Central Java, Indonesa, 1971/72. 
AV. operated Av. yield (t/ha)Village, farm sie Av. yield (tfholding)(wet stalked paddy) (wet stalked paddy)... .......
.(ha) 

Nganjat 05 5.9Kahurnan 2,706 6.5Iluneng 0.5 3.96.1 3,1 
..........
.. ....................­

3.1 

'Io increase protduction. two steps can be taken. First, expand the rice area. Forfarmers as individuals, this can he done through leasing or sharecropping morerice land (compare second and third colui.ns of Table 5). But for the village asa whole, expanding the rice area is impossible (Table 1).'Tlhe second of increasing production is by increasingway 
the yield perheclare. That can be achieved through crop intensificatjion efforts, including theuse of MV, chemical fertilizers and pesticides, and improvement of farmpractices and of the irrigation system. But because farm size is limited, tlhepossible increase in total production is also limited.The short growth duration of MV and the availability of irrigationthroughout the year encourage the farmers to try new ways 

water 
f increasing yield.Tl'hey have managed to increase the yield not only for each unit of rice arca, but;Aso for each unit of' time. An cffort has been aildc to increase the croppingintensity by applying the pelikan system.-'Throughpenikan, the farmers use a small part of the rice field as a seedhedhf, the next rice crop, even before the first crop is harvested. The land isprepared immediately after harvest. The farmer can get five rice crops in 2years instead of two rice crops per year.Varions Systems 01'Jan d tenure. lBefore further discussion of land tenu re, it is 

woDrth noling that on the average 72.6% of the farmers operate their own farms(80% in Nganjait. 66.7% in Kahuman, and 71.2 in Pluneng). The rest retenanls, lalndless and farm rerswho lsie or sharecrop in addition to workingtheir own lalld. The amount of land leased or sharecrlopped in the samnple iselatlivcly small, about t. 1 ha (compare second and third collmns, Table ).In the three villages, land tenure canl be classified into leasiing or.sharecro)pping, rcntig,aid another system which isa combination of the two. Leasinglbetwe'cn ta'rmers is usually 'or more than One cropping season. For longerperiods, the rental for each cropping scason is lowered, e.g. the price for Mcropping seisons is less than twice the price for five cropping seasons, Inaddition, the price also depends on the condition of' the land, the relationshipbe weeln tle owner and the tenant, and the urgency of the owrecr need for 
1 iey, The agrecucIcnt u1sINally 1provides that the owner will pay the land tax 

!lhn eusm, >%wn I i arasht'id ' Ia f r 1,,1tprn'lhhr)mnj'er il it, 0 p.ail. I-. ,-- a.. o iia t .h i% 
iernirn ,ii Rice Rcrwardi ln,1 twuw .. an, s. 'hiiiprlins, 1975), p. 153 . 
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alnd obligates the teniant to give a certain amount of paddy to the owner atharvest time. The amount is not seen asa share of theyield; it isgiven merely to
show the tenant's respect for the owner, If the lease is for more than 10
cropping seasons, the agreement must be made before the village chief or the
village officials. Some farmers, howcver, refuse to do So (even though they
know that it is for their own security) because that will oblige Ihcl to give
certain percentage of the rental price to tlie village.

Some villages in the Klaten Regency. including Kahuman and Pluncng., havc
been chosen by the PNP Tembakau (The State's Phintation IEntcrprisc inTobacco) to be planted with tobacco. The order isgiven through Pemnerintth
Daerah (the local government) to the villages. The area planted with tobacco 
covers about 50% of the rice area in each village. 'his means that the farmers
have to use about 50% of their operating area for the PNP.Tembakau. For aperiod of 7 months, PNP Tembakau gives them a rental of LJS$157 for each 
hectare.1 

There are three distinct forms of sharecropping: mar°, inerthi, and mrapat:
Marw literally means "to divide into two equal parts." In this system, the 

tenant bears the cost of all the inputs- seed, fertilizer, and labor cost - and
the owner pays the tax, Each gets half of thle yield. Actualy, the system occurs' Ily under special circumstances, for example between iather and Son, be­
tv cen brothers, or between the village and the heods ofneighborhood councils
(Wanru or KetuaR.K.) who are allowed to cultivate the village rice field as a
reward for their service to the village. In the last instance, half of tile yield gocs
to the village and isused for financing village needs (building roads or schools. 
etc.). In some cases, brothers may inherit a piece of land. but because it isso
mall, they find that it isnot practical to divide it further. They register the land

collectively. One of them cultivates the land under the maw system; he takeshalf the yield and the other brothers together get the other half. 
Mertel, which means -to divide into three equal parts," ismore commonthan maro. The tenant bears the cost of all the inputs (except thd tax) and gets

one-third of thle harvest. The other two-thirds goes to the owner. The system
occurs between common farmers and also in village rice fields cultivated by 
common farmers; 

his rental can bc o ,mpaicd ,%iththe earnings., from ric. To simpIf yilh picture. 2-. ar pcrio(d is ucd a's
the bautorthe calculaIjo. Iolking iat the conparison tIis "ay, it appeals IhaI o 
 e harscst of dr,-seasont rice iseliminateddue to tobacco planting. For purporws of comparison the data from the villagc of KAhuman, inwhich
the yield ¢e hecmdreof he modern variely is 6.5 t wet staked paddy. arc stL
R •enue: ,' S4217
6,5 $74.2 11Cost: Paid L ibor $15,04
Inputs 21.3 3 

42.37
Unpai~dd labor: 21,09 

Total . - ..... .. - .... 64 9)6 
Frincr% Mrinme: -219I

<Thiedata show that farmers expeiriecec a loss of S53.05 due 1o1tbaeLIJ planiting. The ret.uII conms' farmer'scompain ins- asexpressd to is- apinst Itheiike of Iheir ric Ifields for to I iXI,,pl t)Iiig. 
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As the need r more rice('Wvners alsou 
lnd )ecomes greater, the Position ofIhe landb' les "Stronlger.. t tilonlute tenurehecoli'S morce clic.ial to th.e owner . Tis I 

alrranlgemnt...l r+l 
I hn+I(wn

II 
)+ "to dividelntoh ur cqlual pals.' TiIs system has become the most common 

in inrpa,,ie +.+:htelnll pnllrovidLs only labor to cultiv!ale tile land. and nionlabor inputs are 
in the villaues. 

-
prchased by tile owner At harvest time1,Iracted farn the tenant, who acts more as a con­lahorer gets only one-lourth, of tileAnother system,,vromno is offcially forbidden by til 

ield. 
agrarian law because it

weakens tile tenant's position. But because tile need for land keeps increasing,the system can still be found in the villages. The tenant has to give a certainainount of money in ;idvance, called sromo, to get a right to cultivate the land.The amount of money, which is dleernined in an agreement, depends on thetime of payment and on tlhe inputs to be provided by the tenant. Usually, the1tcnant's share is half of lhe yield, hut itcan b modified according to thearrangemenIt.
To clarify the systems neL'tioneldabove, an illustration hased on a patok(0. 12 ha of rice field) planted with Radjalele variety in tIle village of N anjat ispresented below. From thatpatok it was estimated that 7 quintals (It quintal = I00 kg) of wet stalked paddy was harvested under the /cbasan system. It wassold for US$3 3 .73 . The cost perpa/ok was as follows: 

Labor
 
Paid

Unpaid USS3.46
 

Seed 2.46 
0.57

Fertilizer 
Urea 

1.44
I'SP 0.34

Insecticide 
0.24


Total 

USS.67Under the first three systems of sharecropping, the returns varyaccording tothe share of the revenue: O,e-h ,, one-third or one-urth (Table 7). Under
the system ofsromo, there are variations depen-iding on-the agreement related
t) the inputs and 

small; but if tile 
tile inputs are purchased Jby te tennt, [VMc•.ner ishas to purchase th e Stis. iseo11ogh.A Comparison amlong MawM')l, 

inpu n anto 
",ro the tenants get higher incoes 

mit/pa,, and mlll() sh1ows that1 Underl 7). This e.xlins 
 m is
limited to relatives, As the number of' farm laborers has increased, it is nowmled.Coirelaio to find mrapai in thle Sampleowner v illagesh Under this SSteil]. tleemploys farm laborers in the cheapest way.v lhougls'()frmlaogives the tenants higher income than eIthiern.t...,nirapat, it is rarely practiced in tiletenants the sroWr. "illages.Since cash is iwhich has nited among theto be paid in advance, is felt to bete risk is also a burden,,urthermore, greater, especially if the crop fails. 
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0 
under various tenancy agreements in Central Java, Indonesia, 

Table 7. Returns to tenants (USS) 

1971/72, 

Revenueb Hired Inputs Rental Cost toType of labor Tenants Unpaid Tenant's 
tenants rash labor ncometenancy arrangement 


incobe

1 2 3 4 (2 4)3-4)6 (.5) 7 8 "(67) 

Maro (halt-shares) 16,87 3.46 2.61Merfe/ushares)(one-third 6.07 10.80 260 8.20
11.24 3.46 261 6.07 5,17 260 2.57Mrapat (one-fourth

shares) 8.43 3.46 d 3,46 4.97 2.60 2.37Sromo: 
(inputs paid bytenants) 16,87 3.46 2.61 3.61 9.68 7,19 2,60 4.59(inputs paid byowner) 16.87 3.46 0 6.02 9.48Leasing 7,39 2.6033.73 3.46 2.61 4.7912.04 18.11 15.62 2.60 13.02 
rS$t00 Rupiah 410.tbAssuming a yield of 7 quintals otwet Staled paddy from onepatok(0.l2ha.hn, and sold for $33.73. ';Rental is riot paid under this arrangement elinpots arepaid by landowner. 

lo complete the picture, the sizc o)f income under a leasing arrangcnelnt is
worth noting here. Tenants get higher income tinder leasing thatn under sha re­cropping (Table 7). That is %\h they prefer to4leasingntrapa,it money isavail­
ahle,
 

Bawvon Slstem and iarket practice. As atrice producer. lhe farmer sells rice,not directly to consumers but through marketing instiltutions. The contact with
falrners is through the middleman (tengk-ulak) who collects paddy, cither frotn
the farmer's house 
 or from the rice field. A middleman who ,specializes incollecting paddy from rice fields is called a p'eha'ba, and the transaction is 
knowkn as tebam(n.

In the sample villages, it seems that the role of' thepe, bas isquite important,For example, 51 farmers out of the 60 in Nganjal sold part of their harvest, Ofthat number, 47 sold it through the iebasan System for practical considerations.If this phenomenon is analyzed more deeply, the basic reasons becomlc
 
obvious. ­

-In most villages th1e people still live in a subsistence economy with strong,sociocultural ties, Included among these ties are patterns of reciprocity atidpatron-client relationships, both of which are shown clearly in the harvestingprocess. Reciprocity says that the farmer has a right to gel help in harvesting hiscrop; on the other hand, he has an obhligation to give a reward itn
the form of 
Sbawon (harvester's share) to those who help him -

n
be tbuaa transaction rportd around 1105-1911. hiampaimen made but on flo~ever. ell onas h .i...ttio the 
recorded at t i w t atdon o'ie hm (the time that rbsaun occurred in Central Java, 0 71 ha) It .a
Scmarang. Salatiga, Kcndal, Dvak,P'ati 

seN-cially in Ilatang2 Tegal, fr'rmah'ing, tBrc&,, "
 
lanyumanetranactionno v in Westand Eat Java- Readcrs who wan ltogetmore information on i ,dmary gtd tius Nllhttlstrasenlle Ihrough the,Aduirlang .i.ll pp. 27- ,lhalauw." ,engkajI Pcnebhas 1-130, 154-156- .-- r-Cara wala Mta]eIt/h Penrmw',r Nma, 7 (No%,-nhcr:-,t, . 1974l) pecct1 rp
225-242, 
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"Thefarmier is secn as a patron of relatives and close neighbors. He feels tha,he is fulfilling his obligation as patron by involving tlhe'Proc'ess. Relatives and close neighbors get more than thI commti
Villages,. in the harvesting 

r h ith share in theon o haei]tlIn the transition ironm subsisfence economy to peasant economy, production
becomes: more commercial, eventinships though traditional practices and social rela­still exist. Farmcrs are beginning topatrot1-clieit relationships realize that reciprocity andin the harvesting processecononlic disadvantage they suffer is not worth the social prestige they get. Bul 

are a burden. The 
they cannot simply avoid lhc system because socioculturalst relgh ill a peasant economy. ties still haveThe only way to get rid of tile burden is to avoid involvementharvesting process itself. In tebasian the harvesting process is managed by tlhe 

in thepenebav, who can restrict the number of harvesters and who give equal bawon 
to them, without concern for social relationships. Thus, the farmers lookebusa~n as ata good way out of the haiwo problem.,An uncontrolled number of harvesters bring further losses to theSuch losses can farmer,

I. be classified into:Losses during the harvesting process, including stamp-down loss, drop­ping loss, and leftover loss;2. Lshe 
 from both stealing and handling during transportation
rice field to the farmcr' house where from the3. Losses during bui'.ot 
tie haion will be distributed; anddistribution. They consist of over-sharing (espc.cially for the relatives and neighbors) and handling losses.WVith all the losses, it is calcula ted that the farmer cvcntually gets a1n average
way to 
minimize 

of only 57.5% of the total yield. Aware of these facts, the farmers try to find athe losses. Restricting the number of harvesters is almost

impossible becatse of sociocultural ties. So. they turn totebasanas a Solution.
Aside from those rcasons, the fa rme rs also regard tebasti
Some other probesin- Soniey- a s' a Solution tocars

Policy ago., the governmenton r-ictiarke-in establislhed a
 
8 If/o,' 

to protect both the producer and the consunler. The
(Logistical Band kceilng level. trd" was instructed to kethlie rice price bcteen floor
But the lioo ganiati,cyv (Kboutpat) n did not rcch lower than thelevel

which NlTugt Pilll, 
Theft,ng m.ade contracts \ihlocal rice mills,f'rom the farmers and sold the rice ,o t•he rice m 

tOe 
uills applied certlin standairds e B1g.

to tilea rquire1 l - p.ddy hought.that barn,-d,, amnong. addvy should have ia moisture content of notm1ore: thani I4 ", This meanIs tht ames ae to Process thle wveinto stalked paddt,arnl-dry Iaddy.'ill a iisk of price reduiction if the rice mills sal tly ill' 

t"adno i t irlhe h c k t)i 
1 riByhellingt..h,, e­
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The farmers who sell through whasi can also avoid problems in inarkelin,,-, 
transportation, storage, and processing. 

Finally, teasan is an easy and quick \ray to gel cash. Tie farme r's need for 
cash for land preparation, itbuy seed and fertilizer, etc. usually becomes 
greater soon after harvest time. In fact the new technology increases capital
needs. Evein though the farners can get production ciedit for all inputs needed. 

the regulation requirili1 repavment within I month after harvest makes the 
need for cash even greater. It is worth noting that the application otfthepeulaun 
system adds to its influence to the need for cash, because in that system the land 
has to be prepared as soon as the harvest is completed. 

In a tc'basan transaction. the price is determined by both the lnewhaes and tile 
farmer. taking into consideration tile estimated yield. the market price of rice, 
and the harvesting cost (in the form ofiawon) that must be paid by the jw)'/W . 
Considering this mode of price determination and the farmer's lack of know­
ledge about marketing, some people have assumed that only tlie wtetbls 
profits from the tranisaction. 

But as thepelbasand the farmers live in the same or neighboring villages it 
is hard to understand howpenehas could colltinuously exploit the farmers. "To 
evaluate this hypothesis, an example of a tebasan transaction during the dry 
season of 1971 in Klaten is described. 

The market price for barn-dry paddy at the time was US$3.68 per quintal. In 
a hasan at the same time. the price agreed upon was USS33.73 f )r0,16 ha of 
rice field, and the yield was estimated to be 12 quintals of 'wetstalked paddy. 

Assuming a weight reduction of 2t_.(i, from wet stalked paddy to bharn-dry 
paddy, we calculated the price, in US dollars. paid by the pen ebtas for each 
quintal of barn-dry paddy as follows: 

I1080 /33.73j12 - 3.51. 

It is clear that the price paid by tile pcneLbas was lower than the nm rket price. If 
the farmer had nianaged the harvesting process himself (with all obligations 
and losses), he would have rcceivcd ohl 57.5%, from 12 quintalsof wet stalked 
paddy. If he had sold the paddy in the form of barn-dry paddy at the currel) 
market price, he would have gotten a sum calculated as follows: 

0.575 / 12 x .8 x 3.68 = 20.31 

lie would have gotten US$20.31 from the market, a sum thaJt still includes the 
various costs (processing, transportation) he would halv had to pay before lie 
could sell his paddy. From thepencbashe received US$33.73 without having to 

* 	 pay those costs. It is clear nowwhy the farmers doinot think that sili.g paddy 
through tebasan involves a loss. 

BUt tebasani naturally has a different effect on the farm laborers, especially 
those involved in the hairvesting process. The penebas gives less than tihe 
common share, and this share is given e( ually Without concern for established 
social relationships. The common balvon in the village is one-tenth of the yield 

http:US$33.73
http:US$20.31
http:USS33.73
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(rclativcS and neighbors get more), but a penehas usually gives only one­sixteenth of the yield. Beside!,, apeiwhas can restrict the number of people whoharvest the crop. An example from the Regency of Jcpara will help claritfy this 
point,

In one rice field of exactly 0. 16 ha. 96 harvesters were observed harvesting.At the same time, about 50 inaway, rice in a 0.14-ha field was being harvestedby only three harvesters. On the first plot tile harvest was managed by theowner; on the second, the crop had been sold to a penebas who managed the
harvesting process.


The position of village officials. The effect 
 of farm size on the position ofvillage officials will be discussed from the socioeconomic and political point of 
ViEv.
 

The socioeconomic position. 
 As mentioned earlier, the size of rice fieldsgranted to village officials is about twice that of the farm operated by commonvillagers. The village officials thus gain certain socioeconomic advantages.Along with their position as officials, the size of their farms establishes them aspatrons. As patrons, they allow their clients (relatives and close neighbors)take part in the harvesting process. The clients receive tile baivon. The result of
to 

the whole process is that the social position of village officials is strengthened.The bigger rice fields granted to the village officials also provide them with agl-CatLA income. With this greater income, they can enlarge their farms throutnhleasing a, J1sharecropping practices. Their better economic position also trans­forms the village officials into the main informal sources of credit within thevillage. This process continues as social and economic position reinforce each 
other. 

The )olitical position. Through the performance of their social functions as
patrons and the availability of greater amounts of money, village officials gain
support on the political stage. This pattern can easilY be traced in the election
campaign for village head. Aside from the ideological ties at the \ illagr,e level,the fcrniation of various political factions prior to the election is based on thesocln)cconojlic ties mentioned above earlier.It is quite clear that the socioeconomic and political positions of the villageofficials are, mutually strcngthcning. As a rcsult, village officials play an impor­tanlt role within the village. CertlainlY that has implications for the ariousprograms designed for and implemented at the village level. It can be said thatwithout considering carefully the role of villake officials, no progIram or actionwithin the village cat be conducted or implemented. 



The problem

of fragmentation-


Orissa, India
 
TK, PNL 

r 'It Illc \ IhllI I lrlivwl .l C' Ilpro)-l tl lc.sutlI ill il'~ ,. 

dliIic ll! \ tt 'ih ,ii)t liill Ill tN il 'lA1 rIP4:iiiCCj Aiti Of Ilih 
'lai;citcii fron ile ii~cotd. hut nu ithl,%116d, ot r~j1,flnt m 
llulph ' ot f illi.lls Fr tiltoiIJlI Iipl,t.ii. itl c hft. Ill i,I'tn.i] 

ill i+lhi . ti4,L .itci and lIiIll;t%-1I%:I lcil4
 

)'; ' it -111 Pi I i f I 1A IIIl- ("If land rLc, lrc-s in) In1(iai is thait suhdiviiiji .and 
fratienlttioll hax. bccn carried tt tic c.t rcme. cing crrnsidcrablc difficul­
tic, ifl rn od crnizin. aricull urc kIhc prohkbin can let raced t the law', ill 
ihhrianMce pr, :aliling in tle countrk . Small ph t sizes miL ithave been dclibcr­
tmlv to btiter %k.;tc fmlielmcnt practiccs in areas w~ith ulneCxiI.rcatcd 

te rrainfl,.ht tlalaIt cant",',, C\plain the, pri<blc.m of t rAlieLttlorr srved lmollltF 
cx xrw,,%hc.rc in India except in sonic statec like Pinjab. llar.;ana, and ihc 

-
wesc.rn pairt fdlita.ir I ..dcsh In rceecnt xcars', thc e f gir ,xlh of agricultural 
proidnuctini has ccn conidcrably higher in areas where land has been coisoli­
dtted ihian In arac s ,[it l tOcilskiilidatioll. 

Flis re.port ee to anl . th- difhiculties aited x,ih -illlentation il 
thcen :li lann(fhigh yieldin, ric. vnctic', in wi illages. Kandarpur illd 
Kirpada, I isr iof ( uttack. Th tt cIiIIist!. ctwo iiighborine xilh.,e,,har1e 
silrI I.o ttrorild s anrid 01c "ksteIT,fcconomni( ba tIgroIIi[lt 

noIt Ilan ori'inal sample of 57 fari in Kandarpur nd 112 farmks in 
Korpada, ;5 fairms,,in the first \ illaic and 30 faint, i iesuc d wer,: randomly 
se;'le ct thslotve,cfr 1i in atin. 

In Kril daLpnr the rnmlbCr ofragmel1nts per farm is a lit tie. lower and lieaverage, size offfragmentls is xcry sliht th larger than nI1Ktrpada (Table I ). The 
ax erage: frafnen! s.ize i he twvo x'ihlages is quite sll -o- 0).085 ha. 

.SiZ (I f-RA( IINTh ANk YIclll.D 

fh: frcqunnc, distribution shows thal fragun.s are c mnnlIra Id around lhe 
snal /,r 2). That shows lhat the distrihulions ar 4ewced t, theizes (lable 

TI,K. P4rihAiicultiraj LcurnJii r a!tlhe (.uur't'liRlice: IRcwtiirch Inriiui, (CR'I).I (tll(; , 

(')ri~sa. hJidia. 

http:xrw,,%hc.rc
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Table 1. Average number and size of fragments per farm in two villages In Orssa. Ind1a, 
Village Farmers Frag. rSaIni,1971/72.interviewed Totalments Fragmentsarea Av size of(no/farm) fragments

(no)Kandarpur no.)Korp ........ .. . (aae
. .....-. 
. . .
 r ha)
Korpda 85 7.33


30 
 5.67 0.086180 
 15.08 
Pooe265 22.41 6.00 ................................ 0084
 

5.89 
 0 085 

Table 2. Frequency dlstribution of fragments s in two villages In Orissa India, 1971/72, 

Size of fragments (ha) 
Frequency of fragments%)


Kandarpur 

Korpada
......... .................... Pooled
(8 frgmets) 
 (18 frgmnts)
rar(180 1265 fragments)

Less than 002 fragment) (.. .. . -­ 4.0.. 
 )

0.02- 0.04 5.90.04 -0,06 16112.50.06-0,08 4.7 4.15

25.9 18.9 21.10.08 -0.10 14. 1 12.8 13.2 
0.10- 0.12 23.5 17.2 19.3 

* 0.12-014 
5.90.14 -0.16 6.73.5 7.8 64

6.40.16-0,18 
3,5
0.18-0.20 2.8 30
9.4 8.9 9.10.20 and above 2A ,1.2 1,7 1.5 
2.. .3.3 3.0 

right. Pearsoitli coefficints of kewnes. arc Obtainld by using (he reltnnship:
 

where A" is the'ilean, SKi, 3 (i-A', )1.s.disli'lh~tior),Ci ,M is 1he eldian, and is thestSUVdard deVialij()l 01' tiledisdributi dT'he values 
and after pooling are 

tIus obtained for Kandarpur and Korpada separately 
All tt 

0.44, 0.53, and 0.48, respectively,

yiecld. Individual plot yield ,.,,... 


pt was m.ade to fn.d a ly relation betweeln size offragmens and rice.
 ..
 l ce r s
Durin thie n n sa d rcPt­ id data were avilabie only for the 1972.
improved and sean , the sample ...s. son.local varielies. farmers putSince he yield is most of their ld in localvariel,, only those fragments on.w.ich (lie 
otnone inuCncd by


wcrC cultivated were 
loca impoVed Variety CR 

oa'
 
selected to st..d, tile erof'llisisniy'iel...
The correlation fe ,cocfficient,. betwecn size lvicRd.4 . .
 v,-d anodi sizeofe fag ile of fragmentent nbtvillages i nsignific'iit (0.23), implyin 

.on 

effect onl tie yield of' rice,ens that size Of' fr-ag,1lntsmyhaen
 

aY h v 10
 
LOCATION AND NUMBER OF FRAGMI'NTS AND YIILDThe distance of' fragments from (le residence of' te cilti'atois v'aries widely,but almost one-third of' fragments

residence 
te are located more than(Table 3). To determine Whe 

I km from thether
le di.tlance and tle number of 

http:0.18-0.20
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Table 3,Distance of fragment from the r iduftie of cultivators in two villages in Orissa, India,
1971/72. 

Fn rd ( ) "t WJvi!n c I.0 , 'orrt)r si, 

t 
?$101 

ti;thn 25W 
50 rt 

$00 
CkI knl v 

1 trn 
.,uA 

'lrd 
p 

Av 

rr) 

d ;u 
r~i,d 1/2 

/o$ 

.. 

, 

21 2J 
32 2 
2.: 

200J,4J 
:322 
22 5, 

2Y 
272 
3' 

61/ 
0]02 
01L:2 

?rI:.'tIicitE iIt'i.c ' fl cct noc' '~it h.i,lci-.F,,j;iro, t,.ct ,carricti ~l;thri o c at ",va', 0 

Ja~s '.ingh,,sanipie tarni'. in ,2 :-. alii,. cs,2 :,2 tat,Ic (1I -4). A, the sa.,mple 

lc ;nmii. the i t. IH1111,, h ! "i1" )Irathe! data ilri'l two c :Pt 1i '.ix 
,civ clicc I;"iv. and 

frpil !-. m ." [ra at Ie diaf, '. (,{t)I 

wc,. arntL-int' as m hhx ' o111tI111;1.!,, 
Itl In nec Irlnt' nf 0l Ic', Ifl 

Wc p.le,k,. ",cia.hr.,.icd ;i.,"'neat'"and those at anla1'eral~e o.lmoltrethanl 

{ n a tams with ;v, ,; raCt i' ,o2.3 /i! i t,, ya'i lut't:t. 1 "l I lc,1(avta,. 
d1,. pfled ,ampl t,'..'c ,.t,hat,, I farm ', ithre id.ri I "h,% hd', andILI 

a 'hiIee high,..' lhan 2.3 tiha hovet'hh" 
She .hI.. r sal-leie:alckihtd for 'Jble4 i- ,.(. 1h'tl l of ehi-,qar. 

run fht 

anl-d "ninbeliCper tormn~l nii-s,,llr.. saImeI( .5:anld 
':hi.syiaie t: cs~y; separtehly "'Vi .l Ot,Oina "disfanic -itii hise.,' 

iii.ZalIs~t! rise thc tornIuer aJ Of 
tile latter., l.t(tabl: 5j. 1hns. 1 hir!hi5 siniftearir os,.o,.iatinn s'.,notd 

Table 4 Number of fhagments and yitd by ditanz.:e within rurnber per farm in two 
villages i:r Oriv5a, India, 1971 72 

I"r;IrlJ .if' !rr,, 

Low a] 0 

Table 5, Number of fragments and yield by distance in two vilages in Ottawa, India, 

1971/72. 

D,-,atwrof frgr, houseo No /farm" 

r.ar .. F w Many 

H0gb 14 t5 . 

Lo'1 1 .14:4 11 

"'....-V'......... .1
 . "'""
....... 
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bet ween yield anddistance from thei)Ul,, With the plots fartheswlIrc her
IlOUjse givin~g tile low~est 'iul&d, 

PR( )ll.l MS A''s)(I,,'JI II) WII I I A(;,jI-NTA'I'10.%
 
arnme s ,elected 101 
 tle Study wer asked whethur fr&Aintaton posC.I a(Iproblms ill SUCCCSSful rice ctIltivation (TlahI 6).S aty of tie CulliVaors (73 in Kandarprnf,reported diffivultivs in prope, 	

if Korpa
rater manlagetnlnt bucause oftscattered nature of' their land, Thema 	

th raI r e,. in source ofj irrigation ir theareais canal ,ater, "lher re 	 tudyro held channels, and so ' Iwter flows from plot tophJl. Thc plol iarthcst fro) ih source
control o(ver either the time 

rec:ivs water last. The farmers ha ve+nilwhen water is; availlablu. tir the amouti..,severyone recognizes the problem, one would expect 041t it s ould hbCuiesimple for the farmers t .cooperatein laying ot fieldchannels. lalthough evrvbody agres on the nied for field channuls, no one isprepared ti,give uIp any land for thern Charity, I.crc, does notClosely linked 	 beg in at home.with th wlhater n'laagemrict problemfertilizing withIfragmentation. The importan<ce 
is' tile prolem of 

large proporlion of farmers in Korpada ( 
of the proilem is realid by , 

toiunterParts in Kandarpur (27?,-). 
), btlbut is felt less ascutc.Iv I", thei,r caues irrigalion ,atcr flows, " oh o) ,plot to another, chemical fertilizers applied, pa rticularlr 	 as I idrcs in+partly If-cmpletely washed ;miay. A 	 p 1.ihle ilr problIiii is likely th b erleoun.tered wit h inseclicides applied in granular ft Irrn.Anolhcr dilfictulty it such a situation is the cousirlerabie vOasc ii timcarrying fertilizers to widey separated plors Ih 	

t)
ctw livity is Iikclv 1t,pus(os<t (t4 lah 	 up thvr in applying lerlili,.r. "lhe first t,,o priblem]rice cultivation. whlleher the varit,,is tn ditiorial 

cre;te difflieuIlt v with 
;asoCia ted witi ir hiigh yieldin, 1Iclr hlriinsl"ct, pcst, and dise;se- Ct)[1tH)l is gr:atr xs ith highrice.vaiic. 	 ictdingfor they mejquire mrn plan-cpr Ytect' m input,, anld "rIf(moreSim¢wl)tilh: to disease, and ins ts. 

Table 6. Problems associated with fragmentation experionced by farmers In two vil.lagen In Orissa, India, 1971/72, 

Nature of probl 	 Fdirn)(r5 repjorting.it 

.	 tKandapur Korp da ' . ..........................
Wftfanallm tntanringSp ring 	 73.3 8 O
Siuyinig 	 26.- 800Harvesting 3336. 
Slprvisl (" l 	 33.3 3,313.3Plowing 100.

326 200Land wwt'joe 
26,7 6.7 

rvamf, rr frotr i,, 1'30 farinots re ortinp• 	 ... .~~~ .. ....................•............ 
.. 
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Spraying for plant protection imay not he vcry effective if tileplot sprayed ik 
: ,urrounded by plots of other farmers who have not sprayed. Witi wide scalter-

K ing of fragments the difficulty is increased. Sixty-scven percent of farmers 
interviewed in Korpada and 33% in Kandarpur reported that fragmnitalin 
has created some comnplicattions in providingplant protection through spraying.

Most of the high yielding rice varieties mature earlier thtan the local rice. 
With delayed harvesting, shattering of grains isgrcater with high yielding rice. 
Since the adoption of high yielding varieties of rice is n,, universalit itsnot 
uncommon to find a plot with high yielding rice ready for harvcsting. sir­
rounded by other plots with local rice thit has not yet completed the Vegetative
growth phase. As the separting bund between two plots is very narrow (abOtl
3t) cm), carrying the harvested crop to the threshing floor might necsitate 
trampling across the others' fields. an eventuality which is certain to bc resisted. 
About 33Yf of the cultivators reported this problem in Kandarpur. but oull 3 in 
Korpada. 

Cultivation of high yielding rice varieties dcmnds a lot of supervisiom froni 
the farmer. lie has to watch over crop growth, decide if his rice lind requires, 
weeding, and take immediate action against discascs and insect jittcks. Super.
vision becomes difficult if his land is scattered over a wide area. C%riuslv cr% 
few farmers in both villages reported any difticult in this maticlr. 0nC is 
inclined to believe that the farmcrs of this area have a p;or undrstandint of 
the management requirements for growing high yielding rice. 

A simewlat large proportion of culItivators (27% in Kndarpur and 20' , in 
Korpada) reported that small fragments create some difficulty in phwing for 
Iand preparation. A small perccntage of them also reported that al
[;gmntaLtion 
has resulted in land wastage. 

In summary, there is clear cvidence that fragmentation results in injCfficienc
in production, Size of fragment is not critical: however, the scattering otfr-. 
ments results in problems in proper dlocation of, water and proper nage­
ment of plots. Recognition of lhe need for ccmsolidalion is slowly developing 
among the cultivators in the study arca.The State 61ovCrnment should actively] 
Consider passing .aland consolidation act. is has been (lone in a tew other•S ates++ 
 . .
 



Impact of thesystems of land tenure,

credit and water control-

Nueva Ecija,Philippines
 

V T~iHEPPEPA 
I	,alld tCfic, trdir ajII tI r (,
f'tlm tl 

Con; rI clrsely linked prihkfllmanljdi ill NIc wII apII . Ecila All tifirc fat)ors hbaselimltcd the capaciyIte rice rethnolia gs f ( aln1 htand lfinesL:(1f1%tadijve higher viehis. rivluse of lh"1,make the 
t rL'lrcit land Iiojg 'allgn
wrk. msiltu1ion thajt

.	 ,ndlCerl' (-7t t IIafa r1 hi nIiIc 11 If frNsn ia daequitableLtiiaS li Ie)ed5 are ne AL 11t
IL d1vct atll f, I( M I;ia I lcs inc,'pl.i 97,% teilibcr I i s-eld nn tir l i r nil e' I pd upsr cnI c'redi t. d I fl i pfl 
;hIrt tII 	 imlemnIanl il 	 , tIke irr i g;, ti on. hut1I t is t oo 

IttIII..~ v La,)jrt;ltbA! :Sd llfroll([it11ijCtzlarhaI I I a o I)rs in (ialpanl. f NuevaC', ' II I~cija:CtSa Cll Ithe %ystern of lanrdI 11 
tenure and shareIcnancy thep~roductioln prohhents. sulch ais sys tm of crcdit, andhack of aidete~ water contl. Otherihpts, irnsect:s aid diseass are 
closely rcj;tedtoI(;,thoseI c issues; Natiraliccurrences suchII,Hil, and drought 	 as typhoos.are iot considered here, allhough ohviusly thy 1lt11:,2 

'111 lirth basic issues arc osidcrcd, ;as to origin) and dtvel-hpmetIr.as .iaed prt)hlulns, aid poissihle ;avllue for inifProVCrllnt, 

lI~lS l IC'4 IltL
R S I,t(' vi.I .I 


A 	 ( CIial iuzon (I)
4leLriptti~i(of f;rming iii 

plct; i -it 	 here GIaplat is'ocated) is im,,­(Ics ntto mnti, li lahind timi,ia
i st 	 ,-r nri andi...he implatof I te was fever dCnlontrilled so dramnali.( as Il ti1C late 11)4( aind caly 11)50' %Ohen pcasants in the region hm.k uparnm iad ol)Clely dflled goV11,rrntn forces. primarily on thc issue of land andultwirnlclk' on Ihe shring of bchnis,deriemd fom il.lInthe province ,fNtucial4,mi-g 7' r :sJ "ie "~irar in nw ["prrnn F -f" ....~cipi~t
If: ic'llllr etI, 
 r, I(, C .fI' 11 lho!o110Ii k.(
clll't ic, Iiafio.7 Ilhpprtcs 1.s,. 1iguna, 
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Icija in 1948. 75% of the palay (rice) farmers were tenants, While i)la'npaga 
and Bulacan (sister provinces of Nueva Ecija) the pericentages were 8$ and 06. 
respectively. -

The unequal distribution of agricultural land in this region sterns from a long 
process of col( zation. For centuries, the central plain of LU/on has been 
under a feudal ystein of landownership, in which a single prson (or family) 
im ns ast areas of agricultural land (sometimes thousands of hectare.), leaving 
the rest of the population landless and therefore dependent on his kind patrm­
age, 

Ifistorically. the region has had three basic types of large landholdings: the 
enh (4fie'nlda in the early part of tIhe Spanish conquest, fiollowed by the cact u/cs, 
and finally by the presentday hacienda. Small landowners, iowever, areI W 
by far the largest landowning class. The Department of Agrarian Rcform 
reports that 83% of all landowners having rice- and corn-tenanted land fWim 
more than 7 ha each.I The four systems may be defined ;isf)llows: 

Encomienda - a system of landownership devised by the Spanish 'm n 
as an incentive and reward to (lescrving Spaniards who participated in the 
conquest of the Philippines. T[his systcm as feudalistic in that those whij 
tilled the land werc esentially vassals Sho owed Cve'tlhinglto their land-

Caciques -landed, hence influenitiinaticsvxs1h1; %crc appointcd 11 the 
Spanish governor to i, ersec a certain area. a barrio, or a municipality, wvith 
powers to collect taixcs and perhirm minimal administrativc function. I heir 
power and influence enabled them to',secur thCtir positions and increac 
their holdings. ' hey were later knoIwn asilu.rado' and became the tJIcrun­
ners of our present-day landlords awd politicians. 

Hacienda -- a large, agricultural estate entgaged in somcommercial 
venture, owned either individually or b a corporation. 

Small landowners -a group of landowners with onely a cv hetares of 
land. Many in this group are owner-operators who cultivate the land them­
selves, but others have a few tenants. 
In both the haciendas and smaller holdings, ownership does not neccssarily. 

imply a, knowledge of farming. Jhere arC many absentee wnrer. and lre­
quently the management of the farming enterprise becmCs the responsibil;tv 
,f th-, tenant. That is particularly true in rice production, whcrc most of the
 
operating units comprise 2 to 3 ha. Large rice holdings under .inglc ;maage­
ment are rare. sugysting tha this type of organizatiom is not ccoomicallv
 
viable. The large estates frequently employ inoverseer o) katiala, whosC 
nlaifn responSibility is tocollect the share rnt rather than tO man;gC production 
of the rice crop. On the large estates, exploitation does 1-ot aways ,n(I the 

- P,. -w i Philm~iliy in di, Ph,1qpifr - iuti (it 1972). , 11 
* -, NI. Mizn|anha... Ecut.m ~ ttkF I~i, N~w 5xiter, 11wtl oiic itlAml'rtnn Ref*.rrn Ilthipme 1w'i,i 

Bufniei and Lronmti t' b p. 2. "... a. 



rIcc paddies; it Cen) Io tie landlord's house where the son or daughter of ashare-tenant may work as household help with mininal compensation.NMcanwhilc. because of a viciow', "debt cyclc" whereby a share-tenant,through subtle manipulations, is kept indehted to his landlord, it is not uncom­mon to find farmcrs still payine the debt incurred by their grandfathers(Jcadsago. In the process. their ow debt accumulates and is passed on to their 
children and to Ihcirs. 

'The logical net efftcct of the systems was the emergence of a poor anddependent but nevlrthClCss highly politicized pcasantry - a potent force in 
any so6ciopolitical upheaval.

With this background it is casier to understand the present state of Gapanirtrmers and their struggle for I,, a little more food in their sftomach, a littlemorc clothing on their backs, and a little more shelter over their heads'. to 
(Ititc t lteLaoPe ci t Ramorn Magsaysay. 

SYSI LM OF LAND TINURE, 
'Ilhe tour gcncral Philippine types or systems of land tenure observed inMahipon, Malimba. and San Nicolas in Gapan are share-tenancy, leasehold. 
pure ownership, and a combination of any of tie first three type, (Table I).(urrently, a rapid shift is occurring from ofsre-tenancy tofis tol (ltibatcl)tih, 
infndud to be full ownership) under the land reform program.Share-temincy. Under sliare-tenanc', a landless farmer tills lind owned bv'alaodlord. Il c theoretically gets 50% of the harvest in return for his labor anduse of work animals and inplemcnts, after (le cash cost of production has bcensubtrlcted from the gross yield. The systcm is generally considered tinjust.sincet (lic landlord. who merely waits for the harvest, gets as much as (if nottl)rc than) the farmer who docs all the work and improves the land. Theli rmors colnt rihution includes the use of his work animals and farm equipment.
not t) mentionMcpenscs for food of hired k'dorers. 

Tabl, 1, Tenure of farmers surveyed in three villages of Gapan, Nueva Ecija, Philippines,mid-1960's and 1971/72. 

Tt~n ro .ResPOndents (%) 

Mahipon Malrroa San Nicolas Total 

Share-1enat 

Lesseo 
OwnIer-opterator 
Combination 

72 
3 

25 
0 

Mid. 1960"s 
89 82 
3 2
8 16 
00 

80 
3 

17 
0 

", : ""1971 
shan,-tnant 
Lesseo . 
Owner(-operatorCombina~tion 

. 

. 

26 
45 
254 

59 
23 

99 

56 
24 
164.. 

46 
31 
1717. . 
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Sharc-tenancy, in effect, sentences tile tenant and hij family to lifelong
dlcprivation, both physically and psychologically, The ten1Ilnt is squeezed be. 
twecnitwo grindstones - from above by the unjust sharing system and from 
bclow by the unproductive soil. His situation is aggravated by insuflicient 
knowliedge of better farming methods and lack of adequate inputs. 

Leasehold. Although not entircly new. the leasehold system of land tCnurc 
became popular only after the approval of the Land Reforni Code (RA 3844 as 
amended by RA 6389) and its subsequent impllemntation in 1964. Unlike 
share-tenancy, leasehold requires a fixed rental for cultivated land, an amount 
not exceeding 25% of the normal yield of that land. Likewise, the lcssce is 
given full freedom and responsibility to make decisions on farm operations. 
Under this system, he has the chance to improve his condition, but bears all the 
risk of reduced income during years of poor harvest. 

The government encourages farmers to adopt this system. In fact. lcssecs arc 
promised government assistance, especially credit and other special programs 
such as cooperatives. . 

Pure ownership. There are three kinds of purc owners: owner-operators, 
who cultivate their land themselves; pure landlords, who employ either tenants 
or hired laborers towork for them; and a combination typc. who till a part of 
their holding and sharecrop or lease out a part of it. 

Owner-operators usually own smaller holdings than pure landlords. They 
are progressive, normally (for obvious reasons) leading other farmers inadopt­
ing new farming methods. They likewise enjoy higher social status, are more 
articulate and more highly educated, and almost always assume leIdcrship 
roles in their respective communities. They also provide credit to their ncigh­
bors, accumulating huge profits in the process. In short, they are the embodi­
mcnt of the farmers' lifelong dream - independent, progressive, and active 
citizens. 

The pure landlords are the remnants of the fCudalistic figures created by the 
Spaniards - the enconendero and his native counterpart, the cacique. They
usually own large areas of' land (mostly through inheritance), from tens to 
hundreds and, sometimles. thousands of hectares, Unlike owner-opcrators, 
pure landlords seern to be more cautious in recommending new practices to 
their tenants. In fact, some share-tenants reported that their landlords discour­

*age them from following the recommended methods of farming, primarily 
because the methods are experisive. 

Of course, they enjoy a very high socioeconomic status, not only in their 
* barrio or municipality but even in their provitice or perhaps in the region. Like: 

the owner-operators, they are also articulate and well educated, and monup­
olize leadership positions ait the municipal and provincial levels (some 
advance to the national level). They engage in such big-time enterprises as rice 
milling and storage, transport, gasoline retailing, banking, and politics. 

The third type of pure owners, those who cultivate a part (f their holdings 
while at the same time sharecropping or leasing out a part, is characterized by 
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the entrepreneurial spirit. They are ready to try new methods of doing things.setting an example for their tenants. They use farm machinery extensively andhire out such machinery to small farmers, thus getting additional income. Theydiffer little from pure landlords in other respects, although they tend to concen­trate on farming rather than on other types of business.Combination. Those operating under the combination type of land tenurealre transitional farmers, in the process of progressing from share-tenancy toleasehold and from leasehold to pure ownership. They still retain soeic degreeof loyalty to and dependence on their landlords as they begin to make their owndecisions. The arrangement puts them in a safe position: they are eligible forgovernment assistance (credit), but they can also borrow from their landlordswhenl government support fails to materialize. 

(RE1:DIT SYS'I EMS
 
The three sources of credit in Nueva Ecija 
are government cooperatives,
commercial banks, and private individuals. In Gapan, the Agricultural Credit
Administration (ACA) and Farmers' Cooperative Marketing Association(FACOMA) have been more active than the banks (Table 2). In many other areas, tle reverse is true.

Government cooperatives. The go~ernment has a long history of creditassistance to farmers in this country. The assistance is usually channeledthrough agencies tinder the Office of the President. One such agency was theAgricultural Credit and Cooperative Financing Administration (ACCFA).created in the early 1950's to provide credit to farmers and initiate the organi­zation of marketing cooperatives, later known as FACOMAS. The ACCFA 

sources 
Nueva 

Table 2. Amount and of production credit in three villages In Gapan, 

Ecija, Philippines, 1971/72. 

Mahipon Malimba San Nicolas 

Borrowed cash
Borrowers t%) 51 70Average 40amount borrowed (S/ha) 26 23 36Source %)


ACAO 

- 35 36FACOMAb 35 -Landlord " 
30 48Others 32 
35 17 32 

Borrowed in kind
Borrowers 5)

Average amount borrowed IS/ha) 18 7
9 12 18Source M%Landlord 

85 75Others 50 
- 50 

r tIc .... inoistration.Crc.d-.t A arm rs Cooper ative MarketinAssociation. 
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failed after losing millions of pesos in unpaid loans. Nor did the tACOMNAS 
pcrform well. Only a handful are still functioning.

In the early 1960's, the ACCFA was scrapped altogether and its functions 
were taken over by a new agency, the ACA. The ACA served as the credit armof the Philippine Land Reform Program implemented in 1964. Unlike the
ACCFA, which virtually became a "milking co'w" of many sectors, the ACA,
despite its extremely limited resources, seems to be performing above par in 
terms of recovering loans. Its success may be explained by the fact thatleaseholders and pure owners those qualified to borrow- - are afraid of
losing their credit fine and, therefore, pay their loans. Leaseholders may be 
more concerned with maintaining their credit line because they cannot revertto borrowing from their former landlords, having "burned their bridges behind
them" when they shifted from share-tenancy to leasehold. Pure owners want to 
keep their credit line because they are not willing to pay high interest rates ()n
loans obtained from private moneylenders.

Compared with private lmns to small farmers, government loans carryvminimal interest: 8% basic interest asplus 4% a service fcc t the local
cooperative which processes the loans, or a total of 121 per annum. Iarmers' 
cooperatives can also get loans from the government thru the ACA itan 
interest rate of not more than 8% per annum. 

Commercial banks. With the developnlent of the Rural Blanks system.comnicrcial banks have assumed a more important role in rural credit in recent
 
years. The Rural Bank lends at 12% 
 interest. Its loans are rediscountcd at anominal rate of interest with the Central Bank, and a-ricultural loans areguaranteed by thegovernment up to 75%. Because of the attractiveness of this 
type of loan, the limited funds available, and the difficulty, of dealing with manv
small tenant farmers, the banks have tended to loan to rural business interests 
- rice millers, those in the transport business, etc. - in short, the landowning
class. Recently the government, through the Masagana 9,9 program, attempted
to rectify this inequity by providing more credit funds and placing sanctions on 
banks that do not lend to small farmers. 

Private lenders. The private sector is the main source of credit for farmers. 
especially share-tenants. Over centuries of' interaction, Central Luzon resi­dents have been able to develop sophisticated and varied credit arrangements.
Notable anong these credit systems are takipan, talhidua,terciahan,takalanan,
and other variations. Salgado describes the first three of these credit systems as 
follows: 

Takipan. This, form of credit theunder which landowners loan the
1,parcero two cavans (1 cavan =sack of 44 kg) and collect fourcavans. Under 
this form of' borrowing, the aparcero thus pays 10% interest on what heborrows, but usually the price ofpalayis higher wicn the advmice is made
than when it is returned. This practice is now prevalenin Central LuIZI 
(Nueva Ecija and Bulacan). -


Talindia,. Under this form of credit, the ajrarcrropays three catvans for 
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only two cavans borrowed. In this case, theaparcero pays interest on what hcboirrowed, at an apparent rate of 50% (per crop, although the rice price may
be a little lower at harvest than at planting time).

il'rciahan. This is a form of credit in which a loan of three cavans of palay
is paid back with four cavans. Thus, the aparceropays 33-1/3% interest."

The takalanan type of credit is similar to talindua(50% interest more or
less), but here the leader specifies how much of the loan is repayable in palay.lor instance, if the prevailing market price of one cavan is P30.00 ($5.00),
the lender will give only P1 .5.00to the borrower, to be repaid with one cavan 
of palay after harvest. 
A more detailed presentation of interest rates paid is in 'fable 3. 

WAT I CONTRl()I 

The Pefiaranda River Irrigation System (PRIS) consIcILd in the early 19 30'sstarted operating in 1932. Since then, Gapan farniers have been using water
from this source, except in two rainfed barrios. Mahipon (one of the three 
sample barrios) and Kapalangan. 
The PRIS is government owned and managed by the National Irrigation

Administration (NIA). lie irrigation fcc originally imposed in 1932 was only1'6.00/ha per year. At the time. there was only one cropping season in acalendar year. In 1937. the fee was increased to P)I2.00/ha per year. Double­cropping became very Popular in 1960. and by 1966 many farmers were
alrcady planting twice a year. In 1966. after 29 years, the NIA increased the fee
 
to P25.00/ha in the wet season and P35.00/ha in the dry season.

Also in1966. farmers in Malimba (one of the three sample barrios) formecd
the Malinba Irrigators Association and appointed Jose Guin1o as its first
 
president (Mr. Guinto has continuously served as president up to the tile of
tle survey). Similar organizations wcrccstablishcd in other barrios of Gapan.


The year 1966 was significant for Gapan farmer-irrigators. First, the
P'25.0035.00/h. irrigation fee was ;an0unccd. Second. the Maliiba
Irrigators Association was formed. Third, the increase 
 in irrizatlion fee lcdfarmers to protest at Malacafiang.Their action resulted in the reduction of theirrigation fee to 1'12.00/ha per season, on the condition that the farmers
thcmsclvcs would clean the canals near their paddies.

Impact onlMV adoption and yield. As of Auguist 1969. 5 years after Gapan\\wais declared a land reform area, tile 1utinler of share-tenits \wIs still substan­tfial: 45% of 2,232 farniers. Leascholdcrs were 481,% while owner-operators
constittcd only' 7% of the tot.. 

While "landowners and owner-operators \\ere the only persons to acquire 

14 Slktr Ci, D Jr..h.ir . i h l.iPi( llan
"I Ito5-i 

ilt'mllriw R4i V lduoioll ill (:;'II. %c ' ',197 1.11I -1om 1,p cr. 11II '7. linlo I . -
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Table 3. Interest rates and repayment arrangements for loans made in three barrios of
 
Gapan, Nueva Eci#a, Philippines, 1971/72 wet season.
 

Farmers (no.) reporting
 
Rate and arrangement
 

Mahipon Malimba San Nicolas Total
 

Cash loans 
Interest payable at per annum rate 

12% 26 12 7 45
 
8% 1 4 4 9
 

50% :2 3
-

10%" - 1 -. 1
 
43% - 1 ­ 1
 
30% - 1 - 1
 

Interest payable at per harvest rate 

20o - 2 1 3
 
15% - 2 - 2

5% - 2 ­ 2
 

10% - - 1 
 16% ' - - 1 1 

Othersb - 1 - 1 

No inter r r
 

4 2 39 
Loans in kind (no.j 

Interest payable at per annum rate50% ­
40% 1 1
 

Interest payable at per harvest rate
 

FP1.00/cavan or 3% 1 ­ - 1
 
lcavan/lOcavansorl0% 1 - - 1
 

5% - - 1 1 
No interest 9 14 3 26 

Combination loans (no.) 

No interest 

Repayable 1/3 in palay.
 
2/3 in cash - 1 - 1
 
Repayaole 1/3 in cash,
 
2/3 in kind . 1 - 1
 

Landlord buys palay - 1 - 1
 
No response 29 19 32 80
 
Farmers (no.) interviewed 72 66 55 193
 

a1/2 no interest, 112 20% interest; 11/3 no interest, 2/3 low interest. 

iR8 seed in Gapan in 1966,"" itdid not take long before sharc-tcnants atd 
leaseholders becanie uscrs of. the Seeds. 13y 1971, almost 1001% of tie i 93 
farmers interviewed inlthe three barrios of Gapan were MV (modern varietics) 
adopters. Of this numbcr. 46 and 32% were tenants and ieaseholdcrs, respec­
tively. Considering the. influence of landlords on the decision-miking patterns 

R. E. I luk and J. Dancan. '.tturt Aspcctsitl IIYV D)lfilsirn". Scriar o Er:n.tonict o Ricei'rodil 1 " 
in the Phillppincs. R111 lDcc,. I 1-13. 1969. p. 2.7. (unpublisied) 
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of sharc-lenants. aind the inherent 
desirablc c)aracteri
nlot to Illnclion sl,0111ct iocit lllural I trilsCO1ll110ll all, i 
ics of the new scd,. 

gaVa (file tIendency to imitate "blindly" 	
g! Fill-in lie seedsanything s o -en ea I ps . ty .(smooth in terpersoi 1I*I'l~id difhIclations) and (debthard),pakid).tarapid hffusion 	

ilm aLol (ebof t'fgratilud ). 11h, and adopltio)l of MV\ evn a 2ongsharc-tenantslllderstood. Teultire arrangenjent, therebIre. is not a 
are easily

adopt in. 	 .ignilicant factor in NIVAs IIiHke and Duncan said,
adopting 

"In Gapan at least. the process ofnew rce varietcs is not encouraged by the tranLsforrmationsha ic-tenlancy to leaschold."	 from 
In terms of yield, no meaningfi, differcnce exists among tl e three majorItnurial groups of owncr-opcrators, Icascholders,then is tile rationale 	 and share-tellnnts. Whatfor the tenant farmers'leaschOld. if not 	 desire to shift from tenancy toto owircr-operatu rshiJ? One logical answer is the farmers'filetimc aspiralion to be frec from the landlord. to *be our own hiss" as somc 

I 
of 
n 

tihcm would say. Thus. while the change of tentle iliaInot necessarily resultIncreased yield, it could increase income (getting a ti . share. of tile pro.duce) and, more importantly perhaps, hlp the farmers, allaini a certain decreof hreedotill and social slattls in the conlullnll itv.The importance of credit to small-time farmers, especially share-tenants andnew leaseholders, cannot be ovcrcmphasized. Credit cenis to he tilfeblit c.hodof small rice farmers. Locked in the so-called 'dehttransfusion of capilal to keep their farm operati( 	
cycle.'" hex, need Conslant 
going. Dtid onthey have to get financial assista n ec from any a 	

saving.
iail ,h, otrcc . I " d h', of l erate of interest imposed "r .The need for credit is clearly shown by tile increasiii numbert of actuialborrowes and, users.of credit when available, Likew\s,of farmers th ink that lack of credit is 	

an incasing n..- ue a constraint to getting".higher yields.While tie need for credit is increasing,decreasing. This observation 	 the Iate of inteCrCst• • 	 on lons isrepotired by. ii%• - if tile borro \ trs. m igh thto 	 d ut be duetile Ilcreasing popularity of banks and governicm'r • n•, Iq! -.loait whichcharge lo>e\r interest than do privatC loney eCi.s+h
Eiarlier studies have shown that the adoptiojn of Ni V is"
tIhe availability of irr-igattion.. h,. farmers "hose landit 
sl sreV soolne tha those 	 ' toat.illi I-ainft Iin 'o ... 	

farms. This is logical. Cco1)l-ij.,III1L! t e risksi.lke and DtlIin reported that "in arcas i ..thtlhe extra investnieil 	 . i l h.tiI r.iskt , ertihizers pstici.es. +-d,irhicid.lsrainlall is inadequ lte o r 	
i' otel e 
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The importance of irrigation and credit to rice farming in general is further 
manifested by the following d;a!a. When asked if their farming can still be 
improved, 99% of 193 respondents replied in the affirmative. When furtherasked how\ they can improve their farming, 28% suggested the improvement of 

their wvater supply system, while 23% cited the provision of'sutticient capital or 
credit. 

PROBLEMS AND SOLUTIONS 

As was previously suggested, the problems of land tenure, credit, and water are 
closely linked. The government is making an effort to change the traditional 
landlord-tenant system, but lack of small-farmer credit from institional 
sources and inadequate irrigation facilities tend to prolong the traditional 
dependence on the landlord. Frequently, even after the tenai,. nas nominally 
achieved leasehold status, his relationship with the landhod remains basically 
unchanged.
 

Of the three villages surveyed, Mahipon faces the most 'Jifficult problem. It is 
a rainfed barrio. and most farmers there indicated that the, could not use more 
credit effectively, even if it were readily available at low int-rest rates. Without 
irrigation water. modern rice technology can have only itvery limited role. 
However, the presence until recently of an extremely capable extension worker 
has permitted Mahipon farmers to make as much progress inrice production as 
farmers in sonic of the more favorably situated neighboring villages. 

Compared to San Nicolas, Malimba is poorly irrigated and has problems of 
too much water in the wet season and too little in the dry season. It illustrates 
the situation of a village that is not located close to the main water turnout. 
Farmers nearer the water source put illegal checks in the laterals and take more 
water than they can effectively use. The new barrio irrigation association in 
Malimba can do little to correct the practice. since the administrative bound­
aries of the barrio do not coincide with the physical boundaries of the water 
distribution syste n An irrigation association organized according to major 
laterals or sublaterals would seem to make more sense. 

Tosummarize. for Gapan farmers institutional issues are as importInt as. if 
not more important than, technical issues in achieving increased rice produc­

ntion. To makethe current land reform prograr ork, institutions ororganiza­
tions that can deliver credit and water to farmers in a more efficient and more 
equitable fashion are needed. If these organizations are to be viable, sonic 
means must be established not only for delivering the services but also for 
collecting repaymnents of loan and fees foirservices.~Creating a viable institui­

* 	tional structure oft his type isnot accomplished overnight; it is a task that takes 
~,years or decades. -.... a 

New government programs. Shortly after tihe completion of' the Gapan 
sur e, Martial law wvas declared in the Philippines in September 1972, and 
land eform was proclaimed as the "cornerstone" of the new govetr'enit 

....... .....
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program. Efforts to implement land reform, extend credit, and improve theirrigation system have been intensified throughout the Philippines and, inparticular, in major rice-growing communities such as theGapan. ThroUghland reform program the government has begun issuing certificates of landtransfer to the farmers. Credit is being provided to the farmers through theRural Banks, the Philippine National Bank, and the Masagana 99 Program.The National Irrigation Administration has hastened the completion of theUpper Pampanga River Project, which is designed to provide more irrigationwater and improve the water-delivery system.All these programs promise amore prosperous and productive future for theGapan farmer, and should enhance his capacity to make effective usemodern rice technology. But the long-term viability of these programs and, 
of 

hence, the degree to which Gapan farmers will really benefit from them willdepend on the creation of successful farm-level organizations. At this time, it isstill too early to comment on the success of the new government programs. 
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Table 1. The government procurement price "for fine and coarse varieties of milled ricein the Purisb Province, Pakistan, 1966/72, Source: Food Department, Government of the
Punjab.
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rice varietlis, Th steep rise in the prices of Basmati varieties after 1970. whilethe price trcnd of mocern variclic, (MV) remained static, clearly suggests amore favorable production situation for the fine varieties aftcr that year.r yephasize the difference in prolitability, cumulative frequency (li, fribu.ij)ns eure drawn. They show the return per hectare for MV and Basmati, basedon tie yields reported hy farmers in 1971 and the profits that could be expectedusn9g 1970 and 1971 prices (Fig. I). Since the price for MV was the same inhbth years., the. cumulative frequency of returns remains uinchangdm. Basniatiwas less profitable than MV in 1970 but slightly more profitable in 1971. "lhe 
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Table 3 A*'a and product"on' of rice by variety in the Punjab Province, Pakistan
"Dvelopment StalstcS 
ot Punjab, Sind, 196/7) SOurce.N.W.F.P and Baluchistan" Planning nd DeveoprnengParmn, Governmnt OfthePunjab, 1971', 

Are,)a Pro1ucu0 Ai)~ Prr00 ',)datio A;-rea Profduc,, or, Area(10.. 000 Prrjuctu ­1 (1(..) (Ca..... ... ha)4I000 . (1I00 "'1 0 ha 1000)tK
467 5 486 585 435 405 304Loal C rs 31087 3 :;
Tt o ~ 29 2 7 331 204 293 134cPar&iab 132b0 "" 2J 72175 2g7 "2 269 210 3804 8,8 ri 

' Pr t.d n Mr inllo d r trru~t l aat g f re
s y Il? ' al e ,t of 
 g i u h r , G v r ~r ' n o 

ore'Is. There was a 30% loss in.total production of line rice varietics in 197t0due mainly to stem horers Insect damage plus low prices led to a considerablercductionof the area underjasmjati iII the following crop year and an increas­in the area under MV, principally Wt6 (Table 3).Since ricc borer attack on fine rice varieties is the major limitation toincreased producLiOn of line rice. the government is undertakinL! the folwingImp(rtan[ measurevsI. T'ransfr ofa major part (75 ;) of the pesticide program to the privatesector to expand the coverage of the service;2. Compulsory spraying of rice nurseries and fhe crop by thc l)epartment ofAgriculturc;
3. Expansiol of fhe pesticides supply through local formulatioin;4, Lnacmfcnt of legislation to
5. LxtcnsJ 

stop the early so)s ing of nurseries; andaerial spray program - the target cro-p areaierial spraying in 1972 to be treated bya'-,240,000 ha. compared I,ith 120.,00 ha Ircated in1071. 
I:ach of he five 
 tlted measures is in itlmtf beset with prohlCms. Pcticides,
tfr example. may bC in shoit supply, in somre, arcas and lndiscriminatlh, tsewd in
tlhcrs. Nevertheless. his particular proflm is receiving the active atLntion ol
the governmenrt, 
 and all possible effort.scontr)l. arc being made to brin it under 
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pIp rh m of the I lali rca itmrkcpric' irlCentiIi Ics shoed logical, hao( rcIdIItcd inande r an ciad rcacrop:Cc. But Thlt has happened because)n i !h, const raIclo ised hdhehe vy l; caused pst,srel/anl m, 1. il (inc.l ricead +f er vi'ing other s, ei-sea ,aJnlkrages ol vaie ties.(rt ihe oilher hand, Thn crops, like fodder and egTa-u;
lc\ nstead of rice are I ) th + short datron of the: crops, which enablefarmer to prepare hi land 

thIffehtivclvIhersubsequentI h r The so mnrocfcrop. and 2) the read; and increasing dlemand for fodders and vegetables inlrIoUlic 
orban centers, urmcr n the villag surrounding such cners can hldtitlas 4 ihem.,ehls, k 

iaNc A rop to ihe t 
those opporturritis. For +Ir,1vna:- the nri aimirI oflthwnof uj rans-alaf results,f,,,,om t ,, o d,, r an inc+reased rf+n. or.ni . :and egctable+s (TIable 4). In Maraliw.ala. The are+a unde 

pree shiiss e an cr r rend up aiCer. .. 197,.0 h v.lhichmthlere a,it suaril tildl'crease ( ',,ble )I A major part ofIthe areassas diverted to the productioJn of hi withdrader. sshich Ifrom ricehi 1971."72can he profitably marketed in(-~asi.h Tsn. Terelaii. el poor g.Uairs of oitl in this villag akesl.cvL'eeiabheProduction unprofitable+B oth villages< have an ar' A upl orrtins ." ater...Ile,... aviai.f tt+,, i, no, an important factor in the choice l khiar! crops. 'Iihe only­•rn;lining problem is th+e( econoliallt operation of tube wells, -The go'- en nmenl~lthas noss levied afixed charge on tube wells in additirn to the operating ost. I-oreconomical operatlion, the tube ssells should therefo~re be run+atl full capacity.Be cause o:,f their betrlirnncial position, the farmer++o-f A roo)p are willin to
 
inetmor 
 pr iduetio resour....e.
ready+market in+'+the'growirig ol cro+ps for which there isat profitable prices. : +!+­"Jhete:nancy stafus has also an important bearing on the choice ofn
a artlarcro in a season, On teranr~operaited farms,producedr fodders a~re roreieyt hfr cons'uroption by livestock .raised by the tn tsLlikel to heuch as rice. isshared in kind by the, an, ;Tenantthelanlor. he d er ps 



Table 4. flectarage 
1967/68-1971 72 

I ) a 

Fre vijrrfli,,
6nur',f r.'a., 

SuqigrrIarr"-
Contror 

fodtl' 

Barhey 
Siot' aC i 
Wheat and qfrarri 
Fod]er,r 
7egetables 
FrulI 

DThers 

under different crops in the village Aroop, the Punjab Province, Pakistan, 

19i7 ;6 i ',!; i7, 1 €9:1 !i 0,'07 " 1071.72 

7 1 
 -,F
 

677 ,67 386!4 02 7.4 70 20113 , , 0 

1 9 (,2 /4 70 31
3 0 "0 / 9 

'q 2 F '17 ,1 106 
23 (1 31 37 a 4653 

2 2 2 

Dry !,f:asorl 

43 662 506 533 576 
5 2 2 1 3 

19 22 14 18 13 
1, 4 7 2 5 

008 4t63 5614 563 508 
198 239 3b7 313 305 

2 2 2 2 2 
3 4 1 0 2 
7 2 1 2 

aa. data riot -I vdlla 

aru O dircd.ill bill pticv i,, pild tk) Ili. ill(ihrI it 111L.'L1c'.dithni' lhC ll; I lc.. 
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Table 5. Hectarage under different crops in the village Maraliwala, the Ponjab Province, Pakistan, 
1967e68 1971 72. 

Cropt, 

p i.e ilioatl 

Fre vate s 
Coarse var-lSu! 

Mai1e 
Cotton 
Sugarcane 
Fodders, 

Wheat 
Wheat aid (ran 
Fodders 
Gram 
Oilsm!ed 
Others 

1967,68 i 9fA69 169/70 1.o70 71 1971:72 

738 893 925 .:o 6 840 
69 1 749 80O3 /67 279 

47 144 117 !18 561 
10 7 1i 10 15 
12 9 1_ 1 10 
34 35 39 34 33 
51 127 119 118 164 

Dry 5v"_Iso'tlt 

937 8,16 897 928 806 
34 35 39 34 D 

156 169 172 170 175 
F 1 2 14 38 
18 19 21 47 72 
2 4 4 26 n. 



toWith lrd i/c of holding On flarlil silg aifinill pwcr. itin hibll? 4,1 the' 
ilage's stuie.d, the. ratio, of fldd.r to othcios increasews as hilll IZ 

Thu coit hctii el j riCe, vIrheties. I he clhice hetw cc n line id c rsiice 
IlCtit, is re'gulaited by the f',dlowIl g ta ti, r: 

Tlet chitcis prices of differeni vallr ics.
-2. T he re.laltil suiscetiilit' ot cach riceo a+.ric tXVtt pt)s andlt diseases<

of thIeCric Ci3. 1he refativc profitahilh tseI otit r I"\'i id te icide' on 

fin htieQ ties. a ld
-4. Thc rahi crop. to t crlown :lflel rice'. 

Ilc rice [ illIllrtthe t\\o jilages havc to chose hetwcen Iinu ai ct ics, 
andIaIatli) coa-e: varieties (ma1tinli 16). Pc rhap the fill)tost Iimpi llfaJctors affecting tir dcecisii i arc iih inlcid'nce"of crop pesots. anrd diseases.a;ilt 

thcu rclativc' prices . 

Ferlilii+er is suhsidized, Nitrogen is >old to 11hC flrl la Vil It1 i or
 
ali mt half of lat losl Asian faillml's payv lltil he goverlnlc lt pro remcn01
 
pric I elow. a abot hal o
or the fe rtilizr-rstonsi CMV is also exIrecIn i niJI 

wthat lmoIst Asian farmlers rLceilve- (US$.02(ikg of rougth rice). lhus. despite
 
the favorable fcrtiliier prie. 4.4 kg rough rice is rcquireid to buy I ka til
 

~itrogei. while 1 ke# of nitrogen miglt typieadly yield 1I0 kg of paddth If oneII 
c insiders the additional h rtes for credit and the dilicullv thai afrmcr 
freque ni:e 'xpeielc' in)findil fertil/iz.cr, te profit inarin for ri'lie r is nit 

larte ais ti stimulatei llahi rate of iuse. FIarmerir applicd )nlv 31) kg Niha it 
A\mop aid 37 kg N1 ha in Niaralal a. Ot i rls irid adI we li rriga ted a rca, 
che IftIti in -si1. the rate oIf application is often tss o to three tilles as high.
While riinglhe riC of MV would tilatllih fe rtilizur oe, it wiould alko 
ecourae j shiflt to;ard MV at t expee l-3smati priduction.

\Vh;,t ikte nllmaji a rahi Crop fltlowing rice in bot llahge lh ca rll 
whetl showd a sLddell increae, in the.ri'i eas) f97/, ellcolagcd hv the 
intlroduhlctioI olf arl eIrly lllilttlriIl7 lloidern v lrityof ricc (IRSj il the se 
s';eason (of 114,7. 1hIt enthlled the larllers to grov sheat ill rabi. Prcviotly. 

it 10ate1miiltiltif ric e varieties, if I the are;i wls cilhe r ICftfmuC loliw or 
plaiite o lopcro lother that llheat. 

Ihe cropn intensiv shoss s an inercai tiend (H lhle 6) in bih)tvillages 
ard is a,,Cmp isite ffecl of a nimlerof: fattors, includitg aln inclease in the 
ritiimber o)f tractors Ind tu1be \vyc lis iitroductioln ( arl1itltiring i ideiln 
vanetius of rice. and shorlt-durtlion Imoderil varieties of wlall anin rlleraseu it 
Ohe aci inden other short-duration crops like t'oddel aid yc tetablcs, atid 
increased availahilit, o lertilizers; 

'IT'l govcrilinment policy is presently the 
p0duction of Ite rfice intetidcd largely for export. iT achieve ktiiijciiv tlhte 
p)rorement prices of finC varicties aret being inrcised sublstntially while 
this~e oif tew roarkse arc static an1d at l vcry low IeCVelCoidi­

o tip.1the IeidOt inere; e f 

fl-oll cmd varieties ; 

o)ns thiat discoraef use o~frtiiizer. [d weve.rtlie !)i)cti ioti of hlne variLtic'
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Tabje 6. Cropping intensities in the villages Aroop and Maraliwala, the Punjab Province,
Pakistan, 1967/68- 1971172.,
 ' 

Yfear Cropping intensity 

Aroop Maraliwala 
1967-68 

175

1968-69 160 

192 
 1691969-.701970-71 19211920 
 18.9
 
1971-72 


184 
 176
 
"Croppint intensity (%) .atrt !,rPped aea 

cultivated area 100, where cropped area is equal
to net cropped area 
plus area sown more than once. A cropping intensity of 100 is equi­valent to a single crop per year, and a cropping intensity 0200 refers to 2crops per year
 

is constrained by the pronounced adverse effects of pests. which inthe pasthave resulted in huge crop losses. To control the problem, the.,gernmenl isundertaking all possible measures to make the plant protection program tlor,ffective. The compulsory spraying of nurseries, the increased t;arget acrea c.for aerial spraying. the transfer of a major part of the peslicide formulation anddistribulion program to the private sector, and Ihe halting of early sowingielIlur,,erls are sone of the inportantl 1lleasures undertaken by the go'ernnietl

to minimize the losses catused by plant pests and diseases.
Another obstacle in the way 
tmo
ard an increase in area and producthot Offilin varieties is that these varieties illattlre late aid do not perill the tinel,
,Ming oI the wheal crop that 14l1lo\ 
 s. This has so far favored an increase itn tie
area under high yielding and early maturing coarse varieties of rice. I Ic, %,t.
Iesearch resulting in late-sown and short-dtiralion wheal v'aritlies. and earl
llatti Iu in: rice varieties may tip the scales infavor of expansion of the areilunder line varieties as opposed to that under coars MV,. The best posiblesolu tion lies ill producing a fertilizer-responsi e taxMa ti rice. Resca reh i­i'nider way, bt changing tie plili type withou t sacrificin thclneqtmlit\ pthea difficult problelm for plant breeders;p 
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